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What’s in the dark?
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One example: Twin Higgs
Chacko, Goh, Harnik (2005)
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Collider signatures?



E.g., SM Higgs decay into twin particles
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Higgs decay into mirror quarks via
Higgs mixing

mirror QCD
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Mirror mesons SLOWLY decay into SM particles

vector meson decay via photon mixing 

Cheng, Jung, Salvioni, YT (2015)mirror process
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E.g., SM Higgs decay into twin particles



If the coupling is so small => Long-lived particles
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New physics - SM coupling
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Normal story: smaller coupling => bad



Long-lived Particle (LLP) search
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New physics - SM coupling

Not the main focus before
 but increasingly being studied! 

decay length
~ detector size
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8 TeV13 TeV
300 fb-1

ctU` < 0.1 mm: h Æ prompt ?

ctU` > 30 cm
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thermal relic bound

LHC search of displaced muon pairs
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Mirror bottom mass (GeV)

Cheng, Jung, Salvioni, YT (2015)(b̂¯̂b)V
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annihilate
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<latexit sha1_base64="Y0SxAjV6k5oc/805HSnNusQvGT4=">AAACD3icbVC7SgNBFJ31bXxFLW0GgyIWYVcELYM2NoKiiUI2hruTSTI4j2XmrhCW/IGNv2JjoYitrZ1/4+RR+Dpw4cw59zL3niSVwmEYfgYTk1PTM7Nz84WFxaXlleLqWs2ZzDJeZUYae52A41JoXkWBkl+nloNKJL9Kbo8H/tUdt04YfYm9lDcUdLRoCwbopWZxO+4C5nE1dUIa3Y/RxB1QCpqtm13/yGOr6MVpv1ksheVwCPqXRGNSImOcNYsfccuwTHGNTIJz9ShMsZGDRcEk7xfizPEU2C10eN1TDYq7Rj68p0+3vNKibWN9aaRD9ftEDsq5nkp8pwLsut/eQPzPq2fYPmzkQqcZcs1GH7UzSdHQQTi0JSxnKHueALPC70pZFyww9BEWfAjR75P/ktpeOQrL0fl+qXI0jmOObJBNskMickAq5ISckSph5J48kmfyEjwET8Fr8DZqnQjGM+vkB4L3L8manRk=</latexit><latexit sha1_base64="Y0SxAjV6k5oc/805HSnNusQvGT4=">AAACD3icbVC7SgNBFJ31bXxFLW0GgyIWYVcELYM2NoKiiUI2hruTSTI4j2XmrhCW/IGNv2JjoYitrZ1/4+RR+Dpw4cw59zL3niSVwmEYfgYTk1PTM7Nz84WFxaXlleLqWs2ZzDJeZUYae52A41JoXkWBkl+nloNKJL9Kbo8H/tUdt04YfYm9lDcUdLRoCwbopWZxO+4C5nE1dUIa3Y/RxB1QCpqtm13/yGOr6MVpv1ksheVwCPqXRGNSImOcNYsfccuwTHGNTIJz9ShMsZGDRcEk7xfizPEU2C10eN1TDYq7Rj68p0+3vNKibWN9aaRD9ftEDsq5nkp8pwLsut/eQPzPq2fYPmzkQqcZcs1GH7UzSdHQQTi0JSxnKHueALPC70pZFyww9BEWfAjR75P/ktpeOQrL0fl+qXI0jmOObJBNskMickAq5ISckSph5J48kmfyEjwET8Fr8DZqnQjGM+vkB4L3L8manRk=</latexit><latexit sha1_base64="Y0SxAjV6k5oc/805HSnNusQvGT4=">AAACD3icbVC7SgNBFJ31bXxFLW0GgyIWYVcELYM2NoKiiUI2hruTSTI4j2XmrhCW/IGNv2JjoYitrZ1/4+RR+Dpw4cw59zL3niSVwmEYfgYTk1PTM7Nz84WFxaXlleLqWs2ZzDJeZUYae52A41JoXkWBkl+nloNKJL9Kbo8H/tUdt04YfYm9lDcUdLRoCwbopWZxO+4C5nE1dUIa3Y/RxB1QCpqtm13/yGOr6MVpv1ksheVwCPqXRGNSImOcNYsfccuwTHGNTIJz9ShMsZGDRcEk7xfizPEU2C10eN1TDYq7Rj68p0+3vNKibWN9aaRD9ftEDsq5nkp8pwLsut/eQPzPq2fYPmzkQqcZcs1GH7UzSdHQQTi0JSxnKHueALPC70pZFyww9BEWfAjR75P/ktpeOQrL0fl+qXI0jmOObJBNskMickAq5ISckSph5J48kmfyEjwET8Fr8DZqnQjGM+vkB4L3L8manRk=</latexit><latexit sha1_base64="Y0SxAjV6k5oc/805HSnNusQvGT4=">AAACD3icbVC7SgNBFJ31bXxFLW0GgyIWYVcELYM2NoKiiUI2hruTSTI4j2XmrhCW/IGNv2JjoYitrZ1/4+RR+Dpw4cw59zL3niSVwmEYfgYTk1PTM7Nz84WFxaXlleLqWs2ZzDJeZUYae52A41JoXkWBkl+nloNKJL9Kbo8H/tUdt04YfYm9lDcUdLRoCwbopWZxO+4C5nE1dUIa3Y/RxB1QCpqtm13/yGOr6MVpv1ksheVwCPqXRGNSImOcNYsfccuwTHGNTIJz9ShMsZGDRcEk7xfizPEU2C10eN1TDYq7Rj68p0+3vNKibWN9aaRD9ftEDsq5nkp8pwLsut/eQPzPq2fYPmzkQqcZcs1GH7UzSdHQQTi0JSxnKHueALPC70pZFyww9BEWfAjR75P/ktpeOQrL0fl+qXI0jmOObJBNskMickAq5ISckSph5J48kmfyEjwET8Fr8DZqnQjGM+vkB4L3L8manRk=</latexit>
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<latexit sha1_base64="fnpsnzSHnJ2vN1PPdiROwlO61Tg=">AAACFXicbZBNSwMxEIazftb6VfXoJVgEESm7Iuix6MWLUNFWoVvLbJq2oclmSWaFsvRPePGvePGgiFfBm//G9OOg1hcCD+/MMJk3SqSw6Ptf3szs3PzCYm4pv7yyurZe2NisWZ0axqtMS21uI7BciphXUaDkt4nhoCLJb6Le2bB+c8+NFTq+xn7CGwo6sWgLBuisZuEg7AJmIUcYhKjDDigFzdbd/g9CnYVG0auLQbNQ9Ev+SHQaggkUyUSVZuEzbGmWKh4jk2BtPfATbGRgUDDJB/kwtTwB1oMOrzuMQXHbyEZXDeiuc1q0rY17MdKR+3MiA2VtX0WuUwF27d/a0PyvVk+xfdLIRJykyGM2XtROJUVNhxHRljCcoew7AGaE+ytlXTDA0AWZdyEEf0+ehtphKfBLweVRsXw6iSNHtskO2SMBOSZlck4qpEoYeSBP5IW8eo/es/fmvY9bZ7zJzBb5Je/jGwIKn08=</latexit><latexit sha1_base64="fnpsnzSHnJ2vN1PPdiROwlO61Tg=">AAACFXicbZBNSwMxEIazftb6VfXoJVgEESm7Iuix6MWLUNFWoVvLbJq2oclmSWaFsvRPePGvePGgiFfBm//G9OOg1hcCD+/MMJk3SqSw6Ptf3szs3PzCYm4pv7yyurZe2NisWZ0axqtMS21uI7BciphXUaDkt4nhoCLJb6Le2bB+c8+NFTq+xn7CGwo6sWgLBuisZuEg7AJmIUcYhKjDDigFzdbd/g9CnYVG0auLQbNQ9Ev+SHQaggkUyUSVZuEzbGmWKh4jk2BtPfATbGRgUDDJB/kwtTwB1oMOrzuMQXHbyEZXDeiuc1q0rY17MdKR+3MiA2VtX0WuUwF27d/a0PyvVk+xfdLIRJykyGM2XtROJUVNhxHRljCcoew7AGaE+ytlXTDA0AWZdyEEf0+ehtphKfBLweVRsXw6iSNHtskO2SMBOSZlck4qpEoYeSBP5IW8eo/es/fmvY9bZ7zJzBb5Je/jGwIKn08=</latexit><latexit sha1_base64="fnpsnzSHnJ2vN1PPdiROwlO61Tg=">AAACFXicbZBNSwMxEIazftb6VfXoJVgEESm7Iuix6MWLUNFWoVvLbJq2oclmSWaFsvRPePGvePGgiFfBm//G9OOg1hcCD+/MMJk3SqSw6Ptf3szs3PzCYm4pv7yyurZe2NisWZ0axqtMS21uI7BciphXUaDkt4nhoCLJb6Le2bB+c8+NFTq+xn7CGwo6sWgLBuisZuEg7AJmIUcYhKjDDigFzdbd/g9CnYVG0auLQbNQ9Ev+SHQaggkUyUSVZuEzbGmWKh4jk2BtPfATbGRgUDDJB/kwtTwB1oMOrzuMQXHbyEZXDeiuc1q0rY17MdKR+3MiA2VtX0WuUwF27d/a0PyvVk+xfdLIRJykyGM2XtROJUVNhxHRljCcoew7AGaE+ytlXTDA0AWZdyEEf0+ehtphKfBLweVRsXw6iSNHtskO2SMBOSZlck4qpEoYeSBP5IW8eo/es/fmvY9bZ7zJzBb5Je/jGwIKn08=</latexit><latexit sha1_base64="fnpsnzSHnJ2vN1PPdiROwlO61Tg=">AAACFXicbZBNSwMxEIazftb6VfXoJVgEESm7Iuix6MWLUNFWoVvLbJq2oclmSWaFsvRPePGvePGgiFfBm//G9OOg1hcCD+/MMJk3SqSw6Ptf3szs3PzCYm4pv7yyurZe2NisWZ0axqtMS21uI7BciphXUaDkt4nhoCLJb6Le2bB+c8+NFTq+xn7CGwo6sWgLBuisZuEg7AJmIUcYhKjDDigFzdbd/g9CnYVG0auLQbNQ9Ev+SHQaggkUyUSVZuEzbGmWKh4jk2BtPfATbGRgUDDJB/kwtTwB1oMOrzuMQXHbyEZXDeiuc1q0rY17MdKR+3MiA2VtX0WuUwF27d/a0PyvVk+xfdLIRJykyGM2XtROJUVNhxHRljCcoew7AGaE+ytlXTDA0AWZdyEEf0+ehtphKfBLweVRsXw6iSNHtskO2SMBOSZlck4qpEoYeSBP5IW8eo/es/fmvY9bZ7zJzBb5Je/jGwIKn08=</latexit>
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e.g., dark hadrons couple via photon mixing

• need to annihilate the lightest state 
    into heavier (easier to decay) states 

• the heavier meson needs to decay 
    in SM quickly while the annihilation 
    is efficient

fast decay
slower decay, ruins BBN

vector meson has a ~ m scale 
 upper bound on decay lifetime 

preliminary

Li & YT (in preparation), also see 1512.02647



Dark shower signals 

⌘̂

b̂hSM

through Higgs portal

through photon mixing

�̂0, Ĝ0++

Cheng, Jung, Salvioni, YT (2015)

Craig, Katz, Strassler, Sundrum (2015)

µ+

µ�

b̂ f

f̄

Curtin, Verhaaren (2015)

!̂

Example: from Twin Higgs models 
twin hadron mass ~ SM mesons (MeV to GeV scale) 

Cheng, Jung, Salvioni, YT (2015)

pseudo-scalar vector

scalar



If Higgs decays into > 4 dark mesons, 

each of the dark meson has pT < 20 GeV

Easy to get low pT signals from dark hadrons

Not easy for ATLAS/CMS (?), easier for the LHCb!

Dark hadrons can be quite soft



Mass / lifetime of dark mesons?

 large possibilities of mass & lifetime 

M
as
s

Lifetime



Mirror world setup
Naturalness problem, asymmetric DM, astro anomaly, …

Possible solution to

⇠ GeV

Mirror sector setup prefers ~< GeV LLP mass
M
as
s

Lifetime



How long do dark hadrons have to live?

Hidden hadron lifetime (e.g. from photon mixing) 
for ~ GeV meson, dark photon search => c⌧!v > 10µm

µ+

µ�

through photon mixing

vector 
meson



Mirror world setup

Possible solution to

⇠ GeV

In general, lifetime can be >> LHCb size
M
as
s

existing constraints 
on portal coupling BBN

⇠ 10µm
<latexit sha1_base64="T9Gb7cqgYj2AGYGLXcKl9sy81rM=">AAAB+nicbZDLSgMxFIbP1Futt6ku3QSL4KrMiKDLohuXFewFOkPJpJk2NMkMSUYpYx/FjQtF3Pok7nwb03YW2vpD4OM/53BO/ijlTBvP+3ZKa+sbm1vl7crO7t7+gVs9bOskU4S2SMIT1Y2wppxJ2jLMcNpNFcUi4rQTjW9m9c4DVZol8t5MUhoKPJQsZgQba/XdaqCZQL4XiCwPlEBi2ndrXt2bC62CX0ANCjX77lcwSEgmqDSEY617vpeaMMfKMMLptBJkmqaYjPGQ9ixKLKgO8/npU3RqnQGKE2WfNGju/p7IsdB6IiLbKbAZ6eXazPyv1stMfBXmTKaZoZIsFsUZRyZBsxzQgClKDJ9YwEQxeysiI6wwMTatig3BX/7yKrTP677lu4ta47qIowzHcAJn4MMlNOAWmtACAo/wDK/w5jw5L86787FoLTnFzBH8kfP5A3ZCk3k=</latexit><latexit sha1_base64="T9Gb7cqgYj2AGYGLXcKl9sy81rM=">AAAB+nicbZDLSgMxFIbP1Futt6ku3QSL4KrMiKDLohuXFewFOkPJpJk2NMkMSUYpYx/FjQtF3Pok7nwb03YW2vpD4OM/53BO/ijlTBvP+3ZKa+sbm1vl7crO7t7+gVs9bOskU4S2SMIT1Y2wppxJ2jLMcNpNFcUi4rQTjW9m9c4DVZol8t5MUhoKPJQsZgQba/XdaqCZQL4XiCwPlEBi2ndrXt2bC62CX0ANCjX77lcwSEgmqDSEY617vpeaMMfKMMLptBJkmqaYjPGQ9ixKLKgO8/npU3RqnQGKE2WfNGju/p7IsdB6IiLbKbAZ6eXazPyv1stMfBXmTKaZoZIsFsUZRyZBsxzQgClKDJ9YwEQxeysiI6wwMTatig3BX/7yKrTP677lu4ta47qIowzHcAJn4MMlNOAWmtACAo/wDK/w5jw5L86787FoLTnFzBH8kfP5A3ZCk3k=</latexit><latexit sha1_base64="T9Gb7cqgYj2AGYGLXcKl9sy81rM=">AAAB+nicbZDLSgMxFIbP1Futt6ku3QSL4KrMiKDLohuXFewFOkPJpJk2NMkMSUYpYx/FjQtF3Pok7nwb03YW2vpD4OM/53BO/ijlTBvP+3ZKa+sbm1vl7crO7t7+gVs9bOskU4S2SMIT1Y2wppxJ2jLMcNpNFcUi4rQTjW9m9c4DVZol8t5MUhoKPJQsZgQba/XdaqCZQL4XiCwPlEBi2ndrXt2bC62CX0ANCjX77lcwSEgmqDSEY617vpeaMMfKMMLptBJkmqaYjPGQ9ixKLKgO8/npU3RqnQGKE2WfNGju/p7IsdB6IiLbKbAZ6eXazPyv1stMfBXmTKaZoZIsFsUZRyZBsxzQgClKDJ9YwEQxeysiI6wwMTatig3BX/7yKrTP677lu4ta47qIowzHcAJn4MMlNOAWmtACAo/wDK/w5jw5L86787FoLTnFzBH8kfP5A3ZCk3k=</latexit><latexit sha1_base64="T9Gb7cqgYj2AGYGLXcKl9sy81rM=">AAAB+nicbZDLSgMxFIbP1Futt6ku3QSL4KrMiKDLohuXFewFOkPJpJk2NMkMSUYpYx/FjQtF3Pok7nwb03YW2vpD4OM/53BO/ijlTBvP+3ZKa+sbm1vl7crO7t7+gVs9bOskU4S2SMIT1Y2wppxJ2jLMcNpNFcUi4rQTjW9m9c4DVZol8t5MUhoKPJQsZgQba/XdaqCZQL4XiCwPlEBi2ndrXt2bC62CX0ANCjX77lcwSEgmqDSEY617vpeaMMfKMMLptBJkmqaYjPGQ9ixKLKgO8/npU3RqnQGKE2WfNGju/p7IsdB6IiLbKbAZ6eXazPyv1stMfBXmTKaZoZIsFsUZRyZBsxzQgClKDJ9YwEQxeysiI6wwMTatig3BX/7yKrTP677lu4ta47qIowzHcAJn4MMlNOAWmtACAo/wDK/w5jw5L86787FoLTnFzBH8kfP5A3ZCk3k=</latexit>

⇠ 108m
<latexit sha1_base64="qD8bqucwxPxyEraCA7rFcvwGJlY=">AAAB+XicbZDLSgMxFIbP1Futt1GXboJFcFVmRLDLohuXFewFOmPJpJk2NMkMSaZQhr6JGxeKuPVN3Pk2pu0stPWHwMd/zuGc/FHKmTae9+2UNja3tnfKu5W9/YPDI/f4pK2TTBHaIglPVDfCmnImacsww2k3VRSLiNNONL6b1zsTqjRL5KOZpjQUeChZzAg21uq7bqCZQL73VM8DJZCY9d2qV/MWQuvgF1CFQs2++xUMEpIJKg3hWOue76UmzLEyjHA6qwSZpikmYzykPYsSC6rDfHH5DF1YZ4DiRNknDVq4vydyLLSeish2CmxGerU2N/+r9TIT18OcyTQzVJLlojjjyCRoHgMaMEWJ4VMLmChmb0VkhBUmxoZVsSH4q19eh/ZVzbf8cF1t3BZxlOEMzuESfLiBBtxDE1pAYALP8ApvTu68OO/Ox7K15BQzp/BHzucPSu2Sxw==</latexit><latexit sha1_base64="qD8bqucwxPxyEraCA7rFcvwGJlY=">AAAB+XicbZDLSgMxFIbP1Futt1GXboJFcFVmRLDLohuXFewFOmPJpJk2NMkMSaZQhr6JGxeKuPVN3Pk2pu0stPWHwMd/zuGc/FHKmTae9+2UNja3tnfKu5W9/YPDI/f4pK2TTBHaIglPVDfCmnImacsww2k3VRSLiNNONL6b1zsTqjRL5KOZpjQUeChZzAg21uq7bqCZQL73VM8DJZCY9d2qV/MWQuvgF1CFQs2++xUMEpIJKg3hWOue76UmzLEyjHA6qwSZpikmYzykPYsSC6rDfHH5DF1YZ4DiRNknDVq4vydyLLSeish2CmxGerU2N/+r9TIT18OcyTQzVJLlojjjyCRoHgMaMEWJ4VMLmChmb0VkhBUmxoZVsSH4q19eh/ZVzbf8cF1t3BZxlOEMzuESfLiBBtxDE1pAYALP8ApvTu68OO/Ox7K15BQzp/BHzucPSu2Sxw==</latexit><latexit sha1_base64="qD8bqucwxPxyEraCA7rFcvwGJlY=">AAAB+XicbZDLSgMxFIbP1Futt1GXboJFcFVmRLDLohuXFewFOmPJpJk2NMkMSaZQhr6JGxeKuPVN3Pk2pu0stPWHwMd/zuGc/FHKmTae9+2UNja3tnfKu5W9/YPDI/f4pK2TTBHaIglPVDfCmnImacsww2k3VRSLiNNONL6b1zsTqjRL5KOZpjQUeChZzAg21uq7bqCZQL73VM8DJZCY9d2qV/MWQuvgF1CFQs2++xUMEpIJKg3hWOue76UmzLEyjHA6qwSZpikmYzykPYsSC6rDfHH5DF1YZ4DiRNknDVq4vydyLLSeish2CmxGerU2N/+r9TIT18OcyTQzVJLlojjjyCRoHgMaMEWJ4VMLmChmb0VkhBUmxoZVsSH4q19eh/ZVzbf8cF1t3BZxlOEMzuESfLiBBtxDE1pAYALP8ApvTu68OO/Ox7K15BQzp/BHzucPSu2Sxw==</latexit><latexit sha1_base64="qD8bqucwxPxyEraCA7rFcvwGJlY=">AAAB+XicbZDLSgMxFIbP1Futt1GXboJFcFVmRLDLohuXFewFOmPJpJk2NMkMSaZQhr6JGxeKuPVN3Pk2pu0stPWHwMd/zuGc/FHKmTae9+2UNja3tnfKu5W9/YPDI/f4pK2TTBHaIglPVDfCmnImacsww2k3VRSLiNNONL6b1zsTqjRL5KOZpjQUeChZzAg21uq7bqCZQL73VM8DJZCY9d2qV/MWQuvgF1CFQs2++xUMEpIJKg3hWOue76UmzLEyjHA6qwSZpikmYzykPYsSC6rDfHH5DF1YZ4DiRNknDVq4vydyLLSeish2CmxGerU2N/+r9TIT18OcyTQzVJLlojjjyCRoHgMaMEWJ4VMLmChmb0VkhBUmxoZVsSH4q19eh/ZVzbf8cF1t3BZxlOEMzuESfLiBBtxDE1pAYALP8ApvTu68OO/Ox7K15BQzp/BHzucPSu2Sxw==</latexit>
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Hidden Sector

⌘̂
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⌥̂
<latexit sha1_base64="9rQHDX7cCeaDmZmqpJ3JrWPwxco=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxg2kIby2a7aZdudsPuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdoqb+/s7u1XDg6bRmWasoAqoXQ7IoYJLlmAHAVrp5qRJBKsFY1upn7rkWnDlbzHccrChAwkjzklaKWH7pBg3g1Sw4WSk16l6tW8Gdxl4hekCgUavcpXt69oljCJVBBjOr6XYpgTjZwKNil3M8NSQkdkwDqWSpIwE+azqyfuqVX6bqy0LYnuTP09kZPEmHES2c6E4NAselPxP6+TYXwV5lymGTJJ54viTLio3GkEbp9rRlGMLSFUc3urS4dEE4o2qLINwV98eZk0z2u+V/PvLqr16yKOEhzDCZyBD5dQh1toQAAUNDzDK7w5T86L8+58zFtXnGLmCP7A+fwBD+KS3Q==</latexit><latexit sha1_base64="9rQHDX7cCeaDmZmqpJ3JrWPwxco=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxg2kIby2a7aZdudsPuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdoqb+/s7u1XDg6bRmWasoAqoXQ7IoYJLlmAHAVrp5qRJBKsFY1upn7rkWnDlbzHccrChAwkjzklaKWH7pBg3g1Sw4WSk16l6tW8Gdxl4hekCgUavcpXt69oljCJVBBjOr6XYpgTjZwKNil3M8NSQkdkwDqWSpIwE+azqyfuqVX6bqy0LYnuTP09kZPEmHES2c6E4NAselPxP6+TYXwV5lymGTJJ54viTLio3GkEbp9rRlGMLSFUc3urS4dEE4o2qLINwV98eZk0z2u+V/PvLqr16yKOEhzDCZyBD5dQh1toQAAUNDzDK7w5T86L8+58zFtXnGLmCP7A+fwBD+KS3Q==</latexit><latexit sha1_base64="9rQHDX7cCeaDmZmqpJ3JrWPwxco=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxg2kIby2a7aZdudsPuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdoqb+/s7u1XDg6bRmWasoAqoXQ7IoYJLlmAHAVrp5qRJBKsFY1upn7rkWnDlbzHccrChAwkjzklaKWH7pBg3g1Sw4WSk16l6tW8Gdxl4hekCgUavcpXt69oljCJVBBjOr6XYpgTjZwKNil3M8NSQkdkwDqWSpIwE+azqyfuqVX6bqy0LYnuTP09kZPEmHES2c6E4NAselPxP6+TYXwV5lymGTJJ54viTLio3GkEbp9rRlGMLSFUc3urS4dEE4o2qLINwV98eZk0z2u+V/PvLqr16yKOEhzDCZyBD5dQh1toQAAUNDzDK7w5T86L8+58zFtXnGLmCP7A+fwBD+KS3Q==</latexit><latexit sha1_base64="9rQHDX7cCeaDmZmqpJ3JrWPwxco=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxg2kIby2a7aZdudsPuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdoqb+/s7u1XDg6bRmWasoAqoXQ7IoYJLlmAHAVrp5qRJBKsFY1upn7rkWnDlbzHccrChAwkjzklaKWH7pBg3g1Sw4WSk16l6tW8Gdxl4hekCgUavcpXt69oljCJVBBjOr6XYpgTjZwKNil3M8NSQkdkwDqWSpIwE+azqyfuqVX6bqy0LYnuTP09kZPEmHES2c6E4NAselPxP6+TYXwV5lymGTJJ54viTLio3GkEbp9rRlGMLSFUc3urS4dEE4o2qLINwV98eZk0z2u+V/PvLqr16yKOEhzDCZyBD5dQh1toQAAUNDzDK7w5T86L8+58zFtXnGLmCP7A+fwBD+KS3Q==</latexit>

Fµ⌫F
µ⌫
d

<latexit sha1_base64="FU0YubIMgx1RQVFpwZH50fe6O8k=">AAAB/3icbZDLSsNAFIYn9VbrLSq4cTNYBFclEUGXRaG4rGAv0MQwmUzaoZNJmItQYhe+ihsXirj1Ndz5Nk7bCNr6w8DHf87hnPnDjFGpHOfLKi0tr6yuldcrG5tb2zv27l5bplpg0sIpS0U3RJIwyklLUcVINxMEJSEjnXB4Nal37omQNOW3apQRP0F9TmOKkTJWYB80gtxLtMf1uHH3Q0EU2FWn5kwFF8EtoAoKNQP704tSrBPCFWZIyp7rZMrPkVAUMzKueFqSDOEh6pOeQY4SIv18ev8YHhsngnEqzOMKTt3fEzlKpBwloelMkBrI+drE/K/W0yq+8HPKM60Ix7NFsWZQpXASBoyoIFixkQGEBTW3QjxAAmFlIquYENz5Ly9C+7TmOjX35qxavyziKINDcAROgAvOQR1cgyZoAQwewBN4Aa/Wo/VsvVnvs9aSVczsgz+yPr4Bo3GWfQ==</latexit><latexit sha1_base64="FU0YubIMgx1RQVFpwZH50fe6O8k=">AAAB/3icbZDLSsNAFIYn9VbrLSq4cTNYBFclEUGXRaG4rGAv0MQwmUzaoZNJmItQYhe+ihsXirj1Ndz5Nk7bCNr6w8DHf87hnPnDjFGpHOfLKi0tr6yuldcrG5tb2zv27l5bplpg0sIpS0U3RJIwyklLUcVINxMEJSEjnXB4Nal37omQNOW3apQRP0F9TmOKkTJWYB80gtxLtMf1uHH3Q0EU2FWn5kwFF8EtoAoKNQP704tSrBPCFWZIyp7rZMrPkVAUMzKueFqSDOEh6pOeQY4SIv18ev8YHhsngnEqzOMKTt3fEzlKpBwloelMkBrI+drE/K/W0yq+8HPKM60Ix7NFsWZQpXASBoyoIFixkQGEBTW3QjxAAmFlIquYENz5Ly9C+7TmOjX35qxavyziKINDcAROgAvOQR1cgyZoAQwewBN4Aa/Wo/VsvVnvs9aSVczsgz+yPr4Bo3GWfQ==</latexit><latexit sha1_base64="FU0YubIMgx1RQVFpwZH50fe6O8k=">AAAB/3icbZDLSsNAFIYn9VbrLSq4cTNYBFclEUGXRaG4rGAv0MQwmUzaoZNJmItQYhe+ihsXirj1Ndz5Nk7bCNr6w8DHf87hnPnDjFGpHOfLKi0tr6yuldcrG5tb2zv27l5bplpg0sIpS0U3RJIwyklLUcVINxMEJSEjnXB4Nal37omQNOW3apQRP0F9TmOKkTJWYB80gtxLtMf1uHH3Q0EU2FWn5kwFF8EtoAoKNQP704tSrBPCFWZIyp7rZMrPkVAUMzKueFqSDOEh6pOeQY4SIv18ev8YHhsngnEqzOMKTt3fEzlKpBwloelMkBrI+drE/K/W0yq+8HPKM60Ix7NFsWZQpXASBoyoIFixkQGEBTW3QjxAAmFlIquYENz5Ly9C+7TmOjX35qxavyziKINDcAROgAvOQR1cgyZoAQwewBN4Aa/Wo/VsvVnvs9aSVczsgz+yPr4Bo3GWfQ==</latexit><latexit sha1_base64="FU0YubIMgx1RQVFpwZH50fe6O8k=">AAAB/3icbZDLSsNAFIYn9VbrLSq4cTNYBFclEUGXRaG4rGAv0MQwmUzaoZNJmItQYhe+ihsXirj1Ndz5Nk7bCNr6w8DHf87hnPnDjFGpHOfLKi0tr6yuldcrG5tb2zv27l5bplpg0sIpS0U3RJIwyklLUcVINxMEJSEjnXB4Nal37omQNOW3apQRP0F9TmOKkTJWYB80gtxLtMf1uHH3Q0EU2FWn5kwFF8EtoAoKNQP704tSrBPCFWZIyp7rZMrPkVAUMzKueFqSDOEh6pOeQY4SIv18ev8YHhsngnEqzOMKTt3fEzlKpBwloelMkBrI+drE/K/W0yq+8HPKM60Ix7NFsWZQpXASBoyoIFixkQGEBTW3QjxAAmFlIquYENz5Ly9C+7TmOjX35qxavyziKINDcAROgAvOQR1cgyZoAQwewBN4Aa/Wo/VsvVnvs9aSVczsgz+yPr4Bo3GWfQ==</latexit>

other mediation

m
as

s

other hadrons

⌘̂
<latexit sha1_base64="/tEKIIGuV/3ecoiaDPp5S0IQ9bI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUCbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhmC4FIq3UKDk3VRziEPJO+H4duZ3nrg2IlEPOEl5EMNQiUgwQCs9+iPA3OcI03615tbdOegq8QpSIwWa/eqXP0hYFnOFTIIxPc9NMchBo2CSTyt+ZngKbAxD3rNUQcxNkM8vntIzqwxolGhbCulc/T2RQ2zMJA5tZww4MsveTPzP62UYXQe5UGmGXLHFoiiTFBM6e58OhOYM5cQSYFrYWykbgQaGNqSKDcFbfnmVtC/qnlv37i9rjZsijjI5IafknHjkijTIHWmSFmFEkWfySt4c47w4787HorXkFDPH5A+czx/aVJEF</latexit><latexit sha1_base64="/tEKIIGuV/3ecoiaDPp5S0IQ9bI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUCbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhmC4FIq3UKDk3VRziEPJO+H4duZ3nrg2IlEPOEl5EMNQiUgwQCs9+iPA3OcI03615tbdOegq8QpSIwWa/eqXP0hYFnOFTIIxPc9NMchBo2CSTyt+ZngKbAxD3rNUQcxNkM8vntIzqwxolGhbCulc/T2RQ2zMJA5tZww4MsveTPzP62UYXQe5UGmGXLHFoiiTFBM6e58OhOYM5cQSYFrYWykbgQaGNqSKDcFbfnmVtC/qnlv37i9rjZsijjI5IafknHjkijTIHWmSFmFEkWfySt4c47w4787HorXkFDPH5A+czx/aVJEF</latexit><latexit sha1_base64="/tEKIIGuV/3ecoiaDPp5S0IQ9bI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUCbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhmC4FIq3UKDk3VRziEPJO+H4duZ3nrg2IlEPOEl5EMNQiUgwQCs9+iPA3OcI03615tbdOegq8QpSIwWa/eqXP0hYFnOFTIIxPc9NMchBo2CSTyt+ZngKbAxD3rNUQcxNkM8vntIzqwxolGhbCulc/T2RQ2zMJA5tZww4MsveTPzP62UYXQe5UGmGXLHFoiiTFBM6e58OhOYM5cQSYFrYWykbgQaGNqSKDcFbfnmVtC/qnlv37i9rjZsijjI5IafknHjkijTIHWmSFmFEkWfySt4c47w4787HorXkFDPH5A+czx/aVJEF</latexit><latexit sha1_base64="/tEKIIGuV/3ecoiaDPp5S0IQ9bI=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUCbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhmC4FIq3UKDk3VRziEPJO+H4duZ3nrg2IlEPOEl5EMNQiUgwQCs9+iPA3OcI03615tbdOegq8QpSIwWa/eqXP0hYFnOFTIIxPc9NMchBo2CSTyt+ZngKbAxD3rNUQcxNkM8vntIzqwxolGhbCulc/T2RQ2zMJA5tZww4MsveTPzP62UYXQe5UGmGXLHFoiiTFBM6e58OhOYM5cQSYFrYWykbgQaGNqSKDcFbfnmVtC/qnlv37i9rjZsijjI5IafknHjkijTIHWmSFmFEkWfySt4c47w4787HorXkFDPH5A+czx/aVJEF</latexit>

⌥̂
<latexit sha1_base64="9rQHDX7cCeaDmZmqpJ3JrWPwxco=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxg2kIby2a7aZdudsPuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdoqb+/s7u1XDg6bRmWasoAqoXQ7IoYJLlmAHAVrp5qRJBKsFY1upn7rkWnDlbzHccrChAwkjzklaKWH7pBg3g1Sw4WSk16l6tW8Gdxl4hekCgUavcpXt69oljCJVBBjOr6XYpgTjZwKNil3M8NSQkdkwDqWSpIwE+azqyfuqVX6bqy0LYnuTP09kZPEmHES2c6E4NAselPxP6+TYXwV5lymGTJJ54viTLio3GkEbp9rRlGMLSFUc3urS4dEE4o2qLINwV98eZk0z2u+V/PvLqr16yKOEhzDCZyBD5dQh1toQAAUNDzDK7w5T86L8+58zFtXnGLmCP7A+fwBD+KS3Q==</latexit><latexit sha1_base64="9rQHDX7cCeaDmZmqpJ3JrWPwxco=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxg2kIby2a7aZdudsPuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdoqb+/s7u1XDg6bRmWasoAqoXQ7IoYJLlmAHAVrp5qRJBKsFY1upn7rkWnDlbzHccrChAwkjzklaKWH7pBg3g1Sw4WSk16l6tW8Gdxl4hekCgUavcpXt69oljCJVBBjOr6XYpgTjZwKNil3M8NSQkdkwDqWSpIwE+azqyfuqVX6bqy0LYnuTP09kZPEmHES2c6E4NAselPxP6+TYXwV5lymGTJJ54viTLio3GkEbp9rRlGMLSFUc3urS4dEE4o2qLINwV98eZk0z2u+V/PvLqr16yKOEhzDCZyBD5dQh1toQAAUNDzDK7w5T86L8+58zFtXnGLmCP7A+fwBD+KS3Q==</latexit><latexit sha1_base64="9rQHDX7cCeaDmZmqpJ3JrWPwxco=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxg2kIby2a7aZdudsPuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdoqb+/s7u1XDg6bRmWasoAqoXQ7IoYJLlmAHAVrp5qRJBKsFY1upn7rkWnDlbzHccrChAwkjzklaKWH7pBg3g1Sw4WSk16l6tW8Gdxl4hekCgUavcpXt69oljCJVBBjOr6XYpgTjZwKNil3M8NSQkdkwDqWSpIwE+azqyfuqVX6bqy0LYnuTP09kZPEmHES2c6E4NAselPxP6+TYXwV5lymGTJJ54viTLio3GkEbp9rRlGMLSFUc3urS4dEE4o2qLINwV98eZk0z2u+V/PvLqr16yKOEhzDCZyBD5dQh1toQAAUNDzDK7w5T86L8+58zFtXnGLmCP7A+fwBD+KS3Q==</latexit><latexit sha1_base64="9rQHDX7cCeaDmZmqpJ3JrWPwxco=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxg2kIby2a7aZdudsPuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdoqb+/s7u1XDg6bRmWasoAqoXQ7IoYJLlmAHAVrp5qRJBKsFY1upn7rkWnDlbzHccrChAwkjzklaKWH7pBg3g1Sw4WSk16l6tW8Gdxl4hekCgUavcpXt69oljCJVBBjOr6XYpgTjZwKNil3M8NSQkdkwDqWSpIwE+azqyfuqVX6bqy0LYnuTP09kZPEmHES2c6E4NAselPxP6+TYXwV5lymGTJJ54viTLio3GkEbp9rRlGMLSFUc3urS4dEE4o2qLINwV98eZk0z2u+V/PvLqr16yKOEhzDCZyBD5dQh1toQAAUNDzDK7w5T86L8+58zFtXnGLmCP7A+fwBD+KS3Q==</latexit>

annihilate

⌥̂ ! �⇤
d ! SM

<latexit sha1_base64="Y0SxAjV6k5oc/805HSnNusQvGT4=">AAACD3icbVC7SgNBFJ31bXxFLW0GgyIWYVcELYM2NoKiiUI2hruTSTI4j2XmrhCW/IGNv2JjoYitrZ1/4+RR+Dpw4cw59zL3niSVwmEYfgYTk1PTM7Nz84WFxaXlleLqWs2ZzDJeZUYae52A41JoXkWBkl+nloNKJL9Kbo8H/tUdt04YfYm9lDcUdLRoCwbopWZxO+4C5nE1dUIa3Y/RxB1QCpqtm13/yGOr6MVpv1ksheVwCPqXRGNSImOcNYsfccuwTHGNTIJz9ShMsZGDRcEk7xfizPEU2C10eN1TDYq7Rj68p0+3vNKibWN9aaRD9ftEDsq5nkp8pwLsut/eQPzPq2fYPmzkQqcZcs1GH7UzSdHQQTi0JSxnKHueALPC70pZFyww9BEWfAjR75P/ktpeOQrL0fl+qXI0jmOObJBNskMickAq5ISckSph5J48kmfyEjwET8Fr8DZqnQjGM+vkB4L3L8manRk=</latexit><latexit sha1_base64="Y0SxAjV6k5oc/805HSnNusQvGT4=">AAACD3icbVC7SgNBFJ31bXxFLW0GgyIWYVcELYM2NoKiiUI2hruTSTI4j2XmrhCW/IGNv2JjoYitrZ1/4+RR+Dpw4cw59zL3niSVwmEYfgYTk1PTM7Nz84WFxaXlleLqWs2ZzDJeZUYae52A41JoXkWBkl+nloNKJL9Kbo8H/tUdt04YfYm9lDcUdLRoCwbopWZxO+4C5nE1dUIa3Y/RxB1QCpqtm13/yGOr6MVpv1ksheVwCPqXRGNSImOcNYsfccuwTHGNTIJz9ShMsZGDRcEk7xfizPEU2C10eN1TDYq7Rj68p0+3vNKibWN9aaRD9ftEDsq5nkp8pwLsut/eQPzPq2fYPmzkQqcZcs1GH7UzSdHQQTi0JSxnKHueALPC70pZFyww9BEWfAjR75P/ktpeOQrL0fl+qXI0jmOObJBNskMickAq5ISckSph5J48kmfyEjwET8Fr8DZqnQjGM+vkB4L3L8manRk=</latexit><latexit sha1_base64="Y0SxAjV6k5oc/805HSnNusQvGT4=">AAACD3icbVC7SgNBFJ31bXxFLW0GgyIWYVcELYM2NoKiiUI2hruTSTI4j2XmrhCW/IGNv2JjoYitrZ1/4+RR+Dpw4cw59zL3niSVwmEYfgYTk1PTM7Nz84WFxaXlleLqWs2ZzDJeZUYae52A41JoXkWBkl+nloNKJL9Kbo8H/tUdt04YfYm9lDcUdLRoCwbopWZxO+4C5nE1dUIa3Y/RxB1QCpqtm13/yGOr6MVpv1ksheVwCPqXRGNSImOcNYsfccuwTHGNTIJz9ShMsZGDRcEk7xfizPEU2C10eN1TDYq7Rj68p0+3vNKibWN9aaRD9ftEDsq5nkp8pwLsut/eQPzPq2fYPmzkQqcZcs1GH7UzSdHQQTi0JSxnKHueALPC70pZFyww9BEWfAjR75P/ktpeOQrL0fl+qXI0jmOObJBNskMickAq5ISckSph5J48kmfyEjwET8Fr8DZqnQjGM+vkB4L3L8manRk=</latexit><latexit sha1_base64="Y0SxAjV6k5oc/805HSnNusQvGT4=">AAACD3icbVC7SgNBFJ31bXxFLW0GgyIWYVcELYM2NoKiiUI2hruTSTI4j2XmrhCW/IGNv2JjoYitrZ1/4+RR+Dpw4cw59zL3niSVwmEYfgYTk1PTM7Nz84WFxaXlleLqWs2ZzDJeZUYae52A41JoXkWBkl+nloNKJL9Kbo8H/tUdt04YfYm9lDcUdLRoCwbopWZxO+4C5nE1dUIa3Y/RxB1QCpqtm13/yGOr6MVpv1ksheVwCPqXRGNSImOcNYsfccuwTHGNTIJz9ShMsZGDRcEk7xfizPEU2C10eN1TDYq7Rj68p0+3vNKibWN9aaRD9ftEDsq5nkp8pwLsut/eQPzPq2fYPmzkQqcZcs1GH7UzSdHQQTi0JSxnKHueALPC70pZFyww9BEWfAjR75P/ktpeOQrL0fl+qXI0jmOObJBNskMickAq5ISckSph5J48kmfyEjwET8Fr8DZqnQjGM+vkB4L3L8manRk=</latexit>
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e.g., dark hadrons couple via photon mixing

• need to annihilate the lightest state 
    into heavier (easier to decay) states 

• the heavier meson needs to decay 
    in SM quickly while the annihilation 
    is efficient

fast decay
slower decay, ruins BBN

vector meson has a ~ m scale 
 upper bound on decay lifetime 

preliminary

Li & YT (in preparation), also see 1512.02647



Mirror world setup

Possible solution to

⇠ GeV

LHCb VELO can be large enough
M
as
s

existing constraints 
on portal coupling

⇠ 10µm
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ATLAS 1504.03634 Displaced hadronic jets

⇠ 0.01m

Talk by Martino Borsato

 2/fb of 7 & 8 TeV data 

Good at constraining ~ cm scale lifetimes

h

⇡v m⇡v > 10GeV



Displaced muon search at LHCb
We adopt cuts from the dark photon analysis proposed in

⌘(µ±) 2 [2, 5], p(µ±) > 10GeV, pT (µ
±) > 0.5GeV

`T 2 [6mm, 22mm]⌘(!v) 2 [2, 5], pT (!v) > 1GeV

Muon id efficiency ✏2µ ⇡ 0.50

P. Ilten, Y. Soreq, J. Thaler, M. Williams, W. Xue, 1603.08926 
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LHCb constraint on the exotic Higgs decay
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Pierce, Shakya, YT, Zhao (2017)



0.001 0.010 0.100 1 10 100

10

100

1000

104

������ ����� ������ �� ω� [��]

σ
(�
�)
×
��

(�
�→
� �
� �
�
ω
�→

μ+
μ-

)[
��
]

2DV, bg free

     solid (dot-dashed): Pythia  

✏ = 0.02✏Qq

m!v, ⌘v = 0.3GeV

m!v, ⌘v = 0.6GeVLHCb 15/fb  , 95% C.L.

!v ! µ+µ� hN!v i/hN⌘v i = 3

mZp = 200GeV

hN!v+⌘v i = 10(30)

dotted: QCM+LPSA hN!v+⌘v i = 10

       production with a photon-like couplingZp

Zp ! N!v ⇥ !v +N⌘v ⇥ ⌘v

when average muon pT ~ 3 - 9 GeV
Si

gn
al

 P
ro

du
ct

io
n 

Ra
te

        Average Decay Length (cm)

Pierce, Shakya, YT, Zhao (2017)

Z’ decays into dark hadrons



when average muon pT ~ 3 - 9 GeV
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A rough comparison to the ATLAS/CMS searches



Different ``portals” connect  SM & Dark

(p-)scalar meson 

 vector meson 

heavier  
SM fermions 

Higgs portal

hĥ scalar glueball 

 scalar meson 

charged fermions 
(e.g., muons)

photon portal

colored mediator

SM quarks

�d
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<latexit sha1_base64="lx2rSBdECTstgapPQ0evFgSwbVw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJOa9td0Y3LCrYV2qFk0kwbm0yGJCOUof/gxoUibv0fd/6N6UNQ0QMXDufcy733hAln2iD04eRWVtfWN/Kbha3tnd294v5BW8tUEdoikkt1G2JNOYtpyzDD6W2iKBYhp51wfDnzO/dUaSbjGzNJaCDwMGYRI9hYqd0bYiFwv1hCbr3sV6o1iFwfVXy/bgny6hV0Dj0XzVECSzT7xffeQJJU0NgQjrXueigxQYaVYYTTaaGXappgMsZD2rU0xoLqIJtfO4UnVhnASCpbsYFz9ftEhoXWExHaToHNSP/2ZuJfXjc1US3IWJykhsZksShKOTQSzl6HA6YoMXxiCSaK2VshGWGFibEBFWwIX5/C/0n7zPUsvy6XGhfLOPLgCByDU+CBKmiAK9AELUDAHXgAT+DZkc6j8+K8LlpzznLmEPyA8/YJ+xuPZQ==</latexit><latexit sha1_base64="lx2rSBdECTstgapPQ0evFgSwbVw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJOa9td0Y3LCrYV2qFk0kwbm0yGJCOUof/gxoUibv0fd/6N6UNQ0QMXDufcy733hAln2iD04eRWVtfWN/Kbha3tnd294v5BW8tUEdoikkt1G2JNOYtpyzDD6W2iKBYhp51wfDnzO/dUaSbjGzNJaCDwMGYRI9hYqd0bYiFwv1hCbr3sV6o1iFwfVXy/bgny6hV0Dj0XzVECSzT7xffeQJJU0NgQjrXueigxQYaVYYTTaaGXappgMsZD2rU0xoLqIJtfO4UnVhnASCpbsYFz9ftEhoXWExHaToHNSP/2ZuJfXjc1US3IWJykhsZksShKOTQSzl6HA6YoMXxiCSaK2VshGWGFibEBFWwIX5/C/0n7zPUsvy6XGhfLOPLgCByDU+CBKmiAK9AELUDAHXgAT+DZkc6j8+K8LlpzznLmEPyA8/YJ+xuPZQ==</latexit><latexit sha1_base64="lx2rSBdECTstgapPQ0evFgSwbVw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJOa9td0Y3LCrYV2qFk0kwbm0yGJCOUof/gxoUibv0fd/6N6UNQ0QMXDufcy733hAln2iD04eRWVtfWN/Kbha3tnd294v5BW8tUEdoikkt1G2JNOYtpyzDD6W2iKBYhp51wfDnzO/dUaSbjGzNJaCDwMGYRI9hYqd0bYiFwv1hCbr3sV6o1iFwfVXy/bgny6hV0Dj0XzVECSzT7xffeQJJU0NgQjrXueigxQYaVYYTTaaGXappgMsZD2rU0xoLqIJtfO4UnVhnASCpbsYFz9ftEhoXWExHaToHNSP/2ZuJfXjc1US3IWJykhsZksShKOTQSzl6HA6YoMXxiCSaK2VshGWGFibEBFWwIX5/C/0n7zPUsvy6XGhfLOPLgCByDU+CBKmiAK9AELUDAHXgAT+DZkc6j8+K8LlpzznLmEPyA8/YJ+xuPZQ==</latexit><latexit sha1_base64="lx2rSBdECTstgapPQ0evFgSwbVw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJOa9td0Y3LCrYV2qFk0kwbm0yGJCOUof/gxoUibv0fd/6N6UNQ0QMXDufcy733hAln2iD04eRWVtfWN/Kbha3tnd294v5BW8tUEdoikkt1G2JNOYtpyzDD6W2iKBYhp51wfDnzO/dUaSbjGzNJaCDwMGYRI9hYqd0bYiFwv1hCbr3sV6o1iFwfVXy/bgny6hV0Dj0XzVECSzT7xffeQJJU0NgQjrXueigxQYaVYYTTaaGXappgMsZD2rU0xoLqIJtfO4UnVhnASCpbsYFz9ftEhoXWExHaToHNSP/2ZuJfXjc1US3IWJykhsZksShKOTQSzl6HA6YoMXxiCSaK2VshGWGFibEBFWwIX5/C/0n7zPUsvy6XGhfLOPLgCByDU+CBKmiAK9AELUDAHXgAT+DZkc6j8+K8LlpzznLmEPyA8/YJ+xuPZQ==</latexit>

hĥ
q̂

<latexit sha1_base64="OZQjX0EV8WyKFNM+3O5Oe2xVCoc=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ4+TmOQW9OIxglkgGUJPpydp0rPY3SOEIR/hxYMiXv0eb/6NnUVQ0QcFj/eqqKrnJ4IrjfGHtbK6tr6xmdvKb+/s7u0XDg5bKk4lZU0ai1h2fKKY4BFraq4F6ySSkdAXrO2Pr2Z++55JxePoVk8S5oVkGPGAU6KN1O6NiM7upv1CEdu1kluuVBG2XVx23Zoh2KmV8QVybDxHEZZo9AvvvUFM05BFmgqiVNfBifYyIjWngk3zvVSxhNAxGbKuoREJmfKy+blTdGqUAQpiaSrSaK5+n8hIqNQk9E1nSPRI/fZm4l9eN9VB1ct4lKSaRXSxKEgF0jGa/Y4GXDKqxcQQQiU3tyI6IpJQbRLKmxC+PkX/k9a57Rh+UyrWL5dx5OAYTuAMHKhAHa6hAU2gMIYHeIJnK7EerRfrddG6Yi1njuAHrLdPGdiQEg==</latexit><latexit sha1_base64="OZQjX0EV8WyKFNM+3O5Oe2xVCoc=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ4+TmOQW9OIxglkgGUJPpydp0rPY3SOEIR/hxYMiXv0eb/6NnUVQ0QcFj/eqqKrnJ4IrjfGHtbK6tr6xmdvKb+/s7u0XDg5bKk4lZU0ai1h2fKKY4BFraq4F6ySSkdAXrO2Pr2Z++55JxePoVk8S5oVkGPGAU6KN1O6NiM7upv1CEdu1kluuVBG2XVx23Zoh2KmV8QVybDxHEZZo9AvvvUFM05BFmgqiVNfBifYyIjWngk3zvVSxhNAxGbKuoREJmfKy+blTdGqUAQpiaSrSaK5+n8hIqNQk9E1nSPRI/fZm4l9eN9VB1ct4lKSaRXSxKEgF0jGa/Y4GXDKqxcQQQiU3tyI6IpJQbRLKmxC+PkX/k9a57Rh+UyrWL5dx5OAYTuAMHKhAHa6hAU2gMIYHeIJnK7EerRfrddG6Yi1njuAHrLdPGdiQEg==</latexit><latexit sha1_base64="OZQjX0EV8WyKFNM+3O5Oe2xVCoc=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ4+TmOQW9OIxglkgGUJPpydp0rPY3SOEIR/hxYMiXv0eb/6NnUVQ0QcFj/eqqKrnJ4IrjfGHtbK6tr6xmdvKb+/s7u0XDg5bKk4lZU0ai1h2fKKY4BFraq4F6ySSkdAXrO2Pr2Z++55JxePoVk8S5oVkGPGAU6KN1O6NiM7upv1CEdu1kluuVBG2XVx23Zoh2KmV8QVybDxHEZZo9AvvvUFM05BFmgqiVNfBifYyIjWngk3zvVSxhNAxGbKuoREJmfKy+blTdGqUAQpiaSrSaK5+n8hIqNQk9E1nSPRI/fZm4l9eN9VB1ct4lKSaRXSxKEgF0jGa/Y4GXDKqxcQQQiU3tyI6IpJQbRLKmxC+PkX/k9a57Rh+UyrWL5dx5OAYTuAMHKhAHa6hAU2gMIYHeIJnK7EerRfrddG6Yi1njuAHrLdPGdiQEg==</latexit><latexit sha1_base64="OZQjX0EV8WyKFNM+3O5Oe2xVCoc=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ4+TmOQW9OIxglkgGUJPpydp0rPY3SOEIR/hxYMiXv0eb/6NnUVQ0QcFj/eqqKrnJ4IrjfGHtbK6tr6xmdvKb+/s7u0XDg5bKk4lZU0ai1h2fKKY4BFraq4F6ySSkdAXrO2Pr2Z++55JxePoVk8S5oVkGPGAU6KN1O6NiM7upv1CEdu1kluuVBG2XVx23Zoh2KmV8QVybDxHEZZo9AvvvUFM05BFmgqiVNfBifYyIjWngk3zvVSxhNAxGbKuoREJmfKy+blTdGqUAQpiaSrSaK5+n8hIqNQk9E1nSPRI/fZm4l9eN9VB1ct4lKSaRXSxKEgF0jGa/Y4GXDKqxcQQQiU3tyI6IpJQbRLKmxC+PkX/k9a57Rh+UyrWL5dx5OAYTuAMHKhAHa6hAU2gMIYHeIJnK7EerRfrddG6Yi1njuAHrLdPGdiQEg==</latexit>

¯̂q
<latexit sha1_base64="j/3Qj6LbirlFGjEkNNz6YloH1nk=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjK2te2u6MZlBfuAzlAyaaYNZjLTJFMow3yHGxeKuPVj3Pk3pg9BRQ9cOJxzL/fe48ecKY3Qh5VbW9/Y3MpvF3Z29/YPiodHHRUlktA2iXgkez5WlDNB25ppTnuxpDj0Oe3699dzvzulUrFI3OlZTL0QjwQLGMHaSJ7rY5m6Y6zTSZYNiiVkNyrlaq0OkV1G1XK5YQhyGlV0CR0bLVACK7QGxXd3GJEkpEITjpXqOyjWXoqlZoTTrOAmisaY3OMR7RsqcEiVly6OzuCZUYYwiKQpoeFC/T6R4lCpWeibzhDrsfrtzcW/vH6ig7qXMhEnmgqyXBQkHOoIzhOAQyYp0XxmCCaSmVshGWOJiTY5FUwIX5/C/0nnwnYMv62UmlerOPLgBJyCc+CAGmiCG9ACbUDABDyAJ/BsTa1H68V6XbbmrNXMMfgB6+0T5qKS1w==</latexit><latexit sha1_base64="j/3Qj6LbirlFGjEkNNz6YloH1nk=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjK2te2u6MZlBfuAzlAyaaYNZjLTJFMow3yHGxeKuPVj3Pk3pg9BRQ9cOJxzL/fe48ecKY3Qh5VbW9/Y3MpvF3Z29/YPiodHHRUlktA2iXgkez5WlDNB25ppTnuxpDj0Oe3699dzvzulUrFI3OlZTL0QjwQLGMHaSJ7rY5m6Y6zTSZYNiiVkNyrlaq0OkV1G1XK5YQhyGlV0CR0bLVACK7QGxXd3GJEkpEITjpXqOyjWXoqlZoTTrOAmisaY3OMR7RsqcEiVly6OzuCZUYYwiKQpoeFC/T6R4lCpWeibzhDrsfrtzcW/vH6ig7qXMhEnmgqyXBQkHOoIzhOAQyYp0XxmCCaSmVshGWOJiTY5FUwIX5/C/0nnwnYMv62UmlerOPLgBJyCc+CAGmiCG9ACbUDABDyAJ/BsTa1H68V6XbbmrNXMMfgB6+0T5qKS1w==</latexit><latexit sha1_base64="j/3Qj6LbirlFGjEkNNz6YloH1nk=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjK2te2u6MZlBfuAzlAyaaYNZjLTJFMow3yHGxeKuPVj3Pk3pg9BRQ9cOJxzL/fe48ecKY3Qh5VbW9/Y3MpvF3Z29/YPiodHHRUlktA2iXgkez5WlDNB25ppTnuxpDj0Oe3699dzvzulUrFI3OlZTL0QjwQLGMHaSJ7rY5m6Y6zTSZYNiiVkNyrlaq0OkV1G1XK5YQhyGlV0CR0bLVACK7QGxXd3GJEkpEITjpXqOyjWXoqlZoTTrOAmisaY3OMR7RsqcEiVly6OzuCZUYYwiKQpoeFC/T6R4lCpWeibzhDrsfrtzcW/vH6ig7qXMhEnmgqyXBQkHOoIzhOAQyYp0XxmCCaSmVshGWOJiTY5FUwIX5/C/0nnwnYMv62UmlerOPLgBJyCc+CAGmiCG9ACbUDABDyAJ/BsTa1H68V6XbbmrNXMMfgB6+0T5qKS1w==</latexit><latexit sha1_base64="j/3Qj6LbirlFGjEkNNz6YloH1nk=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GjK2te2u6MZlBfuAzlAyaaYNZjLTJFMow3yHGxeKuPVj3Pk3pg9BRQ9cOJxzL/fe48ecKY3Qh5VbW9/Y3MpvF3Z29/YPiodHHRUlktA2iXgkez5WlDNB25ppTnuxpDj0Oe3699dzvzulUrFI3OlZTL0QjwQLGMHaSJ7rY5m6Y6zTSZYNiiVkNyrlaq0OkV1G1XK5YQhyGlV0CR0bLVACK7QGxXd3GJEkpEITjpXqOyjWXoqlZoTTrOAmisaY3OMR7RsqcEiVly6OzuCZUYYwiKQpoeFC/T6R4lCpWeibzhDrsfrtzcW/vH6ig7qXMhEnmgqyXBQkHOoIzhOAQyYp0XxmCCaSmVshGWOJiTY5FUwIX5/C/0nnwnYMv62UmlerOPLgBJyCc+CAGmiCG9ACbUDABDyAJ/BsTa1H68V6XbbmrNXMMfgB6+0T5qKS1w==</latexit>

ĝ
<latexit sha1_base64="vflPFsGVEcLk0Mk3dL9VJA/P0VU=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GnqcxCS3oBePEcwCyRB6Oj1Jk56F7h4hDPkILx4U8er3ePNv7CyCij4oeLxXRVU9PxFcaYw/rNza+sbmVn67sLO7t39QPDxqqziVlLVoLGLZ9YligkespbkWrJtIRkJfsI4/uZ77nXsmFY+jOz1NmBeSUcQDTok2Uqc/JjobzQbFErbrZbdSrSFsu7jiunVDsFOv4Evk2HiBEqzQHBTf+8OYpiGLNBVEqZ6DE+1lRGpOBZsV+qliCaETMmI9QyMSMuVli3Nn6MwoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDmpfxKEk1i+hyUZAKpGM0/x0NuWRUi6khhEpubkV0TCSh2iRUMCF8fYr+J+0L2zH8tlxqXK3iyMMJnMI5OFCFBtxAE1pAYQIP8ATPVmI9Wi/W67I1Z61mjuEHrLdPCqaQCA==</latexit><latexit sha1_base64="vflPFsGVEcLk0Mk3dL9VJA/P0VU=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GnqcxCS3oBePEcwCyRB6Oj1Jk56F7h4hDPkILx4U8er3ePNv7CyCij4oeLxXRVU9PxFcaYw/rNza+sbmVn67sLO7t39QPDxqqziVlLVoLGLZ9YligkespbkWrJtIRkJfsI4/uZ77nXsmFY+jOz1NmBeSUcQDTok2Uqc/JjobzQbFErbrZbdSrSFsu7jiunVDsFOv4Evk2HiBEqzQHBTf+8OYpiGLNBVEqZ6DE+1lRGpOBZsV+qliCaETMmI9QyMSMuVli3Nn6MwoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDmpfxKEk1i+hyUZAKpGM0/x0NuWRUi6khhEpubkV0TCSh2iRUMCF8fYr+J+0L2zH8tlxqXK3iyMMJnMI5OFCFBtxAE1pAYQIP8ATPVmI9Wi/W67I1Z61mjuEHrLdPCqaQCA==</latexit><latexit sha1_base64="vflPFsGVEcLk0Mk3dL9VJA/P0VU=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GnqcxCS3oBePEcwCyRB6Oj1Jk56F7h4hDPkILx4U8er3ePNv7CyCij4oeLxXRVU9PxFcaYw/rNza+sbmVn67sLO7t39QPDxqqziVlLVoLGLZ9YligkespbkWrJtIRkJfsI4/uZ77nXsmFY+jOz1NmBeSUcQDTok2Uqc/JjobzQbFErbrZbdSrSFsu7jiunVDsFOv4Evk2HiBEqzQHBTf+8OYpiGLNBVEqZ6DE+1lRGpOBZsV+qliCaETMmI9QyMSMuVli3Nn6MwoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDmpfxKEk1i+hyUZAKpGM0/x0NuWRUi6khhEpubkV0TCSh2iRUMCF8fYr+J+0L2zH8tlxqXK3iyMMJnMI5OFCFBtxAE1pAYQIP8ATPVmI9Wi/W67I1Z61mjuEHrLdPCqaQCA==</latexit><latexit sha1_base64="vflPFsGVEcLk0Mk3dL9VJA/P0VU=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GnqcxCS3oBePEcwCyRB6Oj1Jk56F7h4hDPkILx4U8er3ePNv7CyCij4oeLxXRVU9PxFcaYw/rNza+sbmVn67sLO7t39QPDxqqziVlLVoLGLZ9YligkespbkWrJtIRkJfsI4/uZ77nXsmFY+jOz1NmBeSUcQDTok2Uqc/JjobzQbFErbrZbdSrSFsu7jiunVDsFOv4Evk2HiBEqzQHBTf+8OYpiGLNBVEqZ6DE+1lRGpOBZsV+qliCaETMmI9QyMSMuVli3Nn6MwoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDmpfxKEk1i+hyUZAKpGM0/x0NuWRUi6khhEpubkV0TCSh2iRUMCF8fYr+J+0L2zH8tlxqXK3iyMMJnMI5OFCFBtxAE1pAYQIP8ATPVmI9Wi/W67I1Z61mjuEHrLdPCqaQCA==</latexit>

ĝ
<latexit sha1_base64="vflPFsGVEcLk0Mk3dL9VJA/P0VU=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GnqcxCS3oBePEcwCyRB6Oj1Jk56F7h4hDPkILx4U8er3ePNv7CyCij4oeLxXRVU9PxFcaYw/rNza+sbmVn67sLO7t39QPDxqqziVlLVoLGLZ9YligkespbkWrJtIRkJfsI4/uZ77nXsmFY+jOz1NmBeSUcQDTok2Uqc/JjobzQbFErbrZbdSrSFsu7jiunVDsFOv4Evk2HiBEqzQHBTf+8OYpiGLNBVEqZ6DE+1lRGpOBZsV+qliCaETMmI9QyMSMuVli3Nn6MwoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDmpfxKEk1i+hyUZAKpGM0/x0NuWRUi6khhEpubkV0TCSh2iRUMCF8fYr+J+0L2zH8tlxqXK3iyMMJnMI5OFCFBtxAE1pAYQIP8ATPVmI9Wi/W67I1Z61mjuEHrLdPCqaQCA==</latexit><latexit sha1_base64="vflPFsGVEcLk0Mk3dL9VJA/P0VU=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GnqcxCS3oBePEcwCyRB6Oj1Jk56F7h4hDPkILx4U8er3ePNv7CyCij4oeLxXRVU9PxFcaYw/rNza+sbmVn67sLO7t39QPDxqqziVlLVoLGLZ9YligkespbkWrJtIRkJfsI4/uZ77nXsmFY+jOz1NmBeSUcQDTok2Uqc/JjobzQbFErbrZbdSrSFsu7jiunVDsFOv4Evk2HiBEqzQHBTf+8OYpiGLNBVEqZ6DE+1lRGpOBZsV+qliCaETMmI9QyMSMuVli3Nn6MwoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDmpfxKEk1i+hyUZAKpGM0/x0NuWRUi6khhEpubkV0TCSh2iRUMCF8fYr+J+0L2zH8tlxqXK3iyMMJnMI5OFCFBtxAE1pAYQIP8ATPVmI9Wi/W67I1Z61mjuEHrLdPCqaQCA==</latexit><latexit sha1_base64="vflPFsGVEcLk0Mk3dL9VJA/P0VU=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GnqcxCS3oBePEcwCyRB6Oj1Jk56F7h4hDPkILx4U8er3ePNv7CyCij4oeLxXRVU9PxFcaYw/rNza+sbmVn67sLO7t39QPDxqqziVlLVoLGLZ9YligkespbkWrJtIRkJfsI4/uZ77nXsmFY+jOz1NmBeSUcQDTok2Uqc/JjobzQbFErbrZbdSrSFsu7jiunVDsFOv4Evk2HiBEqzQHBTf+8OYpiGLNBVEqZ6DE+1lRGpOBZsV+qliCaETMmI9QyMSMuVli3Nn6MwoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDmpfxKEk1i+hyUZAKpGM0/x0NuWRUi6khhEpubkV0TCSh2iRUMCF8fYr+J+0L2zH8tlxqXK3iyMMJnMI5OFCFBtxAE1pAYQIP8ATPVmI9Wi/W67I1Z61mjuEHrLdPCqaQCA==</latexit><latexit sha1_base64="vflPFsGVEcLk0Mk3dL9VJA/P0VU=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GnqcxCS3oBePEcwCyRB6Oj1Jk56F7h4hDPkILx4U8er3ePNv7CyCij4oeLxXRVU9PxFcaYw/rNza+sbmVn67sLO7t39QPDxqqziVlLVoLGLZ9YligkespbkWrJtIRkJfsI4/uZ77nXsmFY+jOz1NmBeSUcQDTok2Uqc/JjobzQbFErbrZbdSrSFsu7jiunVDsFOv4Evk2HiBEqzQHBTf+8OYpiGLNBVEqZ6DE+1lRGpOBZsV+qliCaETMmI9QyMSMuVli3Nn6MwoQxTE0lSk0UL9PpGRUKlp6JvOkOix+u3Nxb+8XqqDmpfxKEk1i+hyUZAKpGM0/x0NuWRUi6khhEpubkV0TCSh2iRUMCF8fYr+J+0L2zH8tlxqXK3iyMMJnMI5OFCFBtxAE1pAYQIP8ATPVmI9Wi/W67I1Z61mjuEHrLdPCqaQCA==</latexit>



Low mass (< 10 GeV) hadronic LLP decay is hard to 
search at ATLAS/CMS (?)

In LHCb, if decay final states are hadrons that are
easy to identify, such as kaons, pions, baryons,…
sub-GeV hadronic LLP decay can be achievable 

Dark hadrons can easily decay hadronically



E.g., displace decay into D-mesons

Consider D± ! K⌥⇡±⇡± D0 ! K�2⇡+⇡�

( 9.5% Br ) ( 8% Br )

2 reconstructed D-mesons

1 D-meson + 1 DV (>= 3 tracks)

2 DV (>= 3 tracks)

q

q̄

qv

q̄v

Z 0

c
c̄

D+

D�⇡v
⇡v

⇡v
⇡v

track pT > 0.1 GeV,  D-meson HT > 1.8 GeV
DV p > 10 GeV,  total D-meson pT > 5 GeV
` > 10c⌧D

B0 ! D+D�Based on the LHCb                             search 1608.06620



HV decay into D-mesons
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2 D-meson

1 D-meson + 1 DV

2 DV

mZp = 200GeV

LHCb 15/fb,  solid/dashed = 0/100  background

2 M
S, 30 bg

ATLAS/CMS  300/fb: Muon RoI trigger

1 M
S + 1 ID

, 60 bg

95% C.L.

1 MS + 1 ID, 60 bg
m!v

= 11G
eV

Zp ! N!v ⇥ !v !v ! cc̄ m!v = 6GeV hN!v i = 8

2 MS, 30 bg !v ! b̄b

Pierce, Shakya, YT, Zhao (2017)



More exclusive search on the LLP decay

�LS =
�S
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S4 +
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2
S2 + �S2H†H

<latexit sha1_base64="iOd+w460lGaR3zFgNyv85lozEfM="></latexit><latexit sha1_base64="iOd+w460lGaR3zFgNyv85lozEfM="></latexit><latexit sha1_base64="iOd+w460lGaR3zFgNyv85lozEfM="></latexit><latexit sha1_base64="iOd+w460lGaR3zFgNyv85lozEfM="></latexit>

Shuve, Pospelov, YT, Vidal, Zurita (in progress)

background can be low 
with tight isolation cuts 

+ mass resolution + kaon id 

different signature, but similar idea
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1S
<latexit sha1_base64="Ij3UKw5H4N+qzCUWo8jm1Iq5C50=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcJuEtBj0IvHiOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2fzADUWNBRV3XR3BTFn2rjul5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iySD2YSU1/goWQhI9hkkte7uO8XS27ZnQFZUq3WKlXkLZUlKcECjX7xszeISCKoNIRjrbueGxs/xcowwum00Es0jTEZ4yHtWiqxoNpPZ7dO0ZlVBiiMlC1p0Ez9OZFiofVEBLZTYDPSf71M/M/rJia88lMm48RQSeaLwoQjE6HscTRgihLDJ5Zgopi9FZERVpgYG0/BhrDy8ippVcqeW/buaqX69SKOPJzAKZyDB5dQh1toQBMIjOAJXuDVEc6z8+a8z1tzzmLmGH7B+fgGTe2Nvg==</latexit><latexit sha1_base64="Ij3UKw5H4N+qzCUWo8jm1Iq5C50=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcJuEtBj0IvHiOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2fzADUWNBRV3XR3BTFn2rjul5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iySD2YSU1/goWQhI9hkkte7uO8XS27ZnQFZUq3WKlXkLZUlKcECjX7xszeISCKoNIRjrbueGxs/xcowwum00Es0jTEZ4yHtWiqxoNpPZ7dO0ZlVBiiMlC1p0Ez9OZFiofVEBLZTYDPSf71M/M/rJia88lMm48RQSeaLwoQjE6HscTRgihLDJ5Zgopi9FZERVpgYG0/BhrDy8ippVcqeW/buaqX69SKOPJzAKZyDB5dQh1toQBMIjOAJXuDVEc6z8+a8z1tzzmLmGH7B+fgGTe2Nvg==</latexit><latexit sha1_base64="Ij3UKw5H4N+qzCUWo8jm1Iq5C50=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcJuEtBj0IvHiOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2fzADUWNBRV3XR3BTFn2rjul5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iySD2YSU1/goWQhI9hkkte7uO8XS27ZnQFZUq3WKlXkLZUlKcECjX7xszeISCKoNIRjrbueGxs/xcowwum00Es0jTEZ4yHtWiqxoNpPZ7dO0ZlVBiiMlC1p0Ez9OZFiofVEBLZTYDPSf71M/M/rJia88lMm48RQSeaLwoQjE6HscTRgihLDJ5Zgopi9FZERVpgYG0/BhrDy8ippVcqeW/buaqX69SKOPJzAKZyDB5dQh1toQBMIjOAJXuDVEc6z8+a8z1tzzmLmGH7B+fgGTe2Nvg==</latexit><latexit sha1_base64="Ij3UKw5H4N+qzCUWo8jm1Iq5C50=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcJuEtBj0IvHiOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2fzADUWNBRV3XR3BTFn2rjul5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iySD2YSU1/goWQhI9hkkte7uO8XS27ZnQFZUq3WKlXkLZUlKcECjX7xszeISCKoNIRjrbueGxs/xcowwum00Es0jTEZ4yHtWiqxoNpPZ7dO0ZlVBiiMlC1p0Ez9OZFiofVEBLZTYDPSf71M/M/rJia88lMm48RQSeaLwoQjE6HscTRgihLDJ5Zgopi9FZERVpgYG0/BhrDy8ippVcqeW/buaqX69SKOPJzAKZyDB5dQh1toQBMIjOAJXuDVEc6z8+a8z1tzzmLmGH7B+fgGTe2Nvg==</latexit>

2S
<latexit sha1_base64="S/tdm3jv/bnvyX1UmBmGqtfl8Q4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcJuEtBj0IvHiOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2fzADUWNBRV3XR3BTFn2rjul5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iySD2YSU1/goWQhI9hkUqV3cd8vltyyOwOypFqtVarIWypLUoIFGv3iZ28QkURQaQjHWnc9NzZ+ipVhhNNpoZdoGmMyxkPatVRiQbWfzm6dojOrDFAYKVvSoJn6cyLFQuuJCGynwGak/3qZ+J/XTUx45adMxomhkswXhQlHJkLZ42jAFCWGTyzBRDF7KyIjrDAxNp6CDWHl5VXSqpQ9t+zd1Ur160UceTiBUzgHDy6hDrfQgCYQGMETvMCrI5xn5815n7fmnMXMMfyC8/ENT3SNvw==</latexit><latexit sha1_base64="S/tdm3jv/bnvyX1UmBmGqtfl8Q4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcJuEtBj0IvHiOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2fzADUWNBRV3XR3BTFn2rjul5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iySD2YSU1/goWQhI9hkUqV3cd8vltyyOwOypFqtVarIWypLUoIFGv3iZ28QkURQaQjHWnc9NzZ+ipVhhNNpoZdoGmMyxkPatVRiQbWfzm6dojOrDFAYKVvSoJn6cyLFQuuJCGynwGak/3qZ+J/XTUx45adMxomhkswXhQlHJkLZ42jAFCWGTyzBRDF7KyIjrDAxNp6CDWHl5VXSqpQ9t+zd1Ur160UceTiBUzgHDy6hDrfQgCYQGMETvMCrI5xn5815n7fmnMXMMfyC8/ENT3SNvw==</latexit><latexit sha1_base64="S/tdm3jv/bnvyX1UmBmGqtfl8Q4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcJuEtBj0IvHiOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2fzADUWNBRV3XR3BTFn2rjul5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iySD2YSU1/goWQhI9hkUqV3cd8vltyyOwOypFqtVarIWypLUoIFGv3iZ28QkURQaQjHWnc9NzZ+ipVhhNNpoZdoGmMyxkPatVRiQbWfzm6dojOrDFAYKVvSoJn6cyLFQuuJCGynwGak/3qZ+J/XTUx45adMxomhkswXhQlHJkLZ42jAFCWGTyzBRDF7KyIjrDAxNp6CDWHl5VXSqpQ9t+zd1Ur160UceTiBUzgHDy6hDrfQgCYQGMETvMCrI5xn5815n7fmnMXMMfyC8/ENT3SNvw==</latexit><latexit sha1_base64="S/tdm3jv/bnvyX1UmBmGqtfl8Q4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcJuEtBj0IvHiOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2fzADUWNBRV3XR3BTFn2rjul5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iySD2YSU1/goWQhI9hkUqV3cd8vltyyOwOypFqtVarIWypLUoIFGv3iZ28QkURQaQjHWnc9NzZ+ipVhhNNpoZdoGmMyxkPatVRiQbWfzm6dojOrDFAYKVvSoJn6cyLFQuuJCGynwGak/3qZ+J/XTUx45adMxomhkswXhQlHJkLZ42jAFCWGTyzBRDF7KyIjrDAxNp6CDWHl5VXSqpQ9t+zd1Ur160UceTiBUzgHDy6hDrfQgCYQGMETvMCrI5xn5815n7fmnMXMMfyC8/ENT3SNvw==</latexit>

Bs/B
±/B0 ! SS +X

<latexit sha1_base64="c7RC5uEWjRfAoajvfC5Id9Rx2yI=">AAACAHicdVBLSwMxGMzWV62vqgcPXoJFEIQ1WWptb6VePFZqH9DWJZumbWj2QZIVytKLf8WLB0W8+jO8+W9MH4KKDoQMM99HMuNFgiuN0IeVWlpeWV1Lr2c2Nre2d7K7ew0VxpKyOg1FKFseUUzwgNU114K1IsmI7wnW9EaXU795x6TiYXCjxxHr+mQQ8D6nRBvJzR5UXHVWuU06kT8xN+roENZqpy03m0N2qVR0HASRjbCTxwVD8HkpX8AQ22iGHFig6mbfO72Qxj4LNBVEqTZGke4mRGpOBZtkOrFiEaEjMmBtQwPiM9VNZgEm8NgoPdgPpTmBhjP1+0ZCfKXGvmcmfaKH6rc3Ff/y2rHuF7sJD6JYs4DOH+rHApqU0zZgj0tGtRgbQqjk5q+QDokkVJvOMqaEr6Twf9JwbGyauc7nypVFHWlwCI7ACcDgApTBFaiCOqBgAh7AE3i27q1H68V6nY+mrMXOPvgB6+0TGlOVcg==</latexit><latexit sha1_base64="c7RC5uEWjRfAoajvfC5Id9Rx2yI=">AAACAHicdVBLSwMxGMzWV62vqgcPXoJFEIQ1WWptb6VePFZqH9DWJZumbWj2QZIVytKLf8WLB0W8+jO8+W9MH4KKDoQMM99HMuNFgiuN0IeVWlpeWV1Lr2c2Nre2d7K7ew0VxpKyOg1FKFseUUzwgNU114K1IsmI7wnW9EaXU795x6TiYXCjxxHr+mQQ8D6nRBvJzR5UXHVWuU06kT8xN+roENZqpy03m0N2qVR0HASRjbCTxwVD8HkpX8AQ22iGHFig6mbfO72Qxj4LNBVEqTZGke4mRGpOBZtkOrFiEaEjMmBtQwPiM9VNZgEm8NgoPdgPpTmBhjP1+0ZCfKXGvmcmfaKH6rc3Ff/y2rHuF7sJD6JYs4DOH+rHApqU0zZgj0tGtRgbQqjk5q+QDokkVJvOMqaEr6Twf9JwbGyauc7nypVFHWlwCI7ACcDgApTBFaiCOqBgAh7AE3i27q1H68V6nY+mrMXOPvgB6+0TGlOVcg==</latexit><latexit sha1_base64="c7RC5uEWjRfAoajvfC5Id9Rx2yI=">AAACAHicdVBLSwMxGMzWV62vqgcPXoJFEIQ1WWptb6VePFZqH9DWJZumbWj2QZIVytKLf8WLB0W8+jO8+W9MH4KKDoQMM99HMuNFgiuN0IeVWlpeWV1Lr2c2Nre2d7K7ew0VxpKyOg1FKFseUUzwgNU114K1IsmI7wnW9EaXU795x6TiYXCjxxHr+mQQ8D6nRBvJzR5UXHVWuU06kT8xN+roENZqpy03m0N2qVR0HASRjbCTxwVD8HkpX8AQ22iGHFig6mbfO72Qxj4LNBVEqTZGke4mRGpOBZtkOrFiEaEjMmBtQwPiM9VNZgEm8NgoPdgPpTmBhjP1+0ZCfKXGvmcmfaKH6rc3Ff/y2rHuF7sJD6JYs4DOH+rHApqU0zZgj0tGtRgbQqjk5q+QDokkVJvOMqaEr6Twf9JwbGyauc7nypVFHWlwCI7ACcDgApTBFaiCOqBgAh7AE3i27q1H68V6nY+mrMXOPvgB6+0TGlOVcg==</latexit><latexit sha1_base64="c7RC5uEWjRfAoajvfC5Id9Rx2yI=">AAACAHicdVBLSwMxGMzWV62vqgcPXoJFEIQ1WWptb6VePFZqH9DWJZumbWj2QZIVytKLf8WLB0W8+jO8+W9MH4KKDoQMM99HMuNFgiuN0IeVWlpeWV1Lr2c2Nre2d7K7ew0VxpKyOg1FKFseUUzwgNU114K1IsmI7wnW9EaXU795x6TiYXCjxxHr+mQQ8D6nRBvJzR5UXHVWuU06kT8xN+roENZqpy03m0N2qVR0HASRjbCTxwVD8HkpX8AQ22iGHFig6mbfO72Qxj4LNBVEqTZGke4mRGpOBZtkOrFiEaEjMmBtQwPiM9VNZgEm8NgoPdgPpTmBhjP1+0ZCfKXGvmcmfaKH6rc3Ff/y2rHuF7sJD6JYs4DOH+rHApqU0zZgj0tGtRgbQqjk5q+QDokkVJvOMqaEr6Twf9JwbGyauc7nypVFHWlwCI7ACcDgApTBFaiCOqBgAh7AE3i27q1H68V6nY+mrMXOPvgB6+0TGlOVcg==</latexit>

1S
<latexit sha1_base64="dMXOz4a4QDiu7ehkgwMawN0OGWE=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GpKh1nZXdOOyPvqAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//G9CGo6IELh3Pu5d57gkRwbRD6cHIrq2vrG/nNwtb2zu5ecf+gpeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDnz2/dMaR7LOzNJmB+RoeQhp8RY6Qbf9osl5NZqVc9DELkIe2VcsQSf1coVDLGL5iiBJRr94ntvENM0YtJQQbTuYpQYPyPKcCrYtNBLNUsIHZMh61oqScS0n80vncITqwxgGCtb0sC5+n0iI5HWkyiwnRExI/3bm4l/ed3UhFU/4zJJDZN0sShMBTQxnL0NB1wxasTEEkIVt7dCOiKKUGPDKdgQvj6F/5OW52KbzHW5VL9YxpEHR+AYnAIMzkEdXIEGaAIKQvAAnsCzM3YenRfnddGac5Yzh+AHnLdPgxWNWA==</latexit><latexit sha1_base64="dMXOz4a4QDiu7ehkgwMawN0OGWE=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GpKh1nZXdOOyPvqAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//G9CGo6IELh3Pu5d57gkRwbRD6cHIrq2vrG/nNwtb2zu5ecf+gpeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDnz2/dMaR7LOzNJmB+RoeQhp8RY6Qbf9osl5NZqVc9DELkIe2VcsQSf1coVDLGL5iiBJRr94ntvENM0YtJQQbTuYpQYPyPKcCrYtNBLNUsIHZMh61oqScS0n80vncITqwxgGCtb0sC5+n0iI5HWkyiwnRExI/3bm4l/ed3UhFU/4zJJDZN0sShMBTQxnL0NB1wxasTEEkIVt7dCOiKKUGPDKdgQvj6F/5OW52KbzHW5VL9YxpEHR+AYnAIMzkEdXIEGaAIKQvAAnsCzM3YenRfnddGac5Yzh+AHnLdPgxWNWA==</latexit><latexit sha1_base64="dMXOz4a4QDiu7ehkgwMawN0OGWE=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GpKh1nZXdOOyPvqAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//G9CGo6IELh3Pu5d57gkRwbRD6cHIrq2vrG/nNwtb2zu5ecf+gpeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDnz2/dMaR7LOzNJmB+RoeQhp8RY6Qbf9osl5NZqVc9DELkIe2VcsQSf1coVDLGL5iiBJRr94ntvENM0YtJQQbTuYpQYPyPKcCrYtNBLNUsIHZMh61oqScS0n80vncITqwxgGCtb0sC5+n0iI5HWkyiwnRExI/3bm4l/ed3UhFU/4zJJDZN0sShMBTQxnL0NB1wxasTEEkIVt7dCOiKKUGPDKdgQvj6F/5OW52KbzHW5VL9YxpEHR+AYnAIMzkEdXIEGaAIKQvAAnsCzM3YenRfnddGac5Yzh+AHnLdPgxWNWA==</latexit><latexit sha1_base64="dMXOz4a4QDiu7ehkgwMawN0OGWE=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GpKh1nZXdOOyPvqAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//G9CGo6IELh3Pu5d57gkRwbRD6cHIrq2vrG/nNwtb2zu5ecf+gpeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDnz2/dMaR7LOzNJmB+RoeQhp8RY6Qbf9osl5NZqVc9DELkIe2VcsQSf1coVDLGL5iiBJRr94ntvENM0YtJQQbTuYpQYPyPKcCrYtNBLNUsIHZMh61oqScS0n80vncITqwxgGCtb0sC5+n0iI5HWkyiwnRExI/3bm4l/ed3UhFU/4zJJDZN0sShMBTQxnL0NB1wxasTEEkIVt7dCOiKKUGPDKdgQvj6F/5OW52KbzHW5VL9YxpEHR+AYnAIMzkEdXIEGaAIKQvAAnsCzM3YenRfnddGac5Yzh+AHnLdPgxWNWA==</latexit>

2S
<latexit sha1_base64="XBtiqVU0uSbhXdbcKzgMPYmlf6o=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GpKh1nZXdOOyPvqAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//G9CGo6IELh3Pu5d57gkRwbRD6cHIrq2vrG/nNwtb2zu5ecf+gpeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDnz2/dMaR7LOzNJmB+RoeQhp8RY6ca77RdLyK3Vqp6HIHIR9sq4Ygk+q5UrGGIXzVECSzT6xffeIKZpxKShgmjdxSgxfkaU4VSwaaGXapYQOiZD1rVUkohpP5tfOoUnVhnAMFa2pIFz9ftERiKtJ1FgOyNiRvq3NxP/8rqpCat+xmWSGibpYlGYCmhiOHsbDrhi1IiJJYQqbm+FdEQUocaGU7AhfH0K/yctz8U2metyqX6xjCMPjsAxOAUYnIM6uAIN0AQUhOABPIFnZ+w8Oi/O66I15yxnDsEPOG+fhJqNWQ==</latexit><latexit sha1_base64="XBtiqVU0uSbhXdbcKzgMPYmlf6o=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GpKh1nZXdOOyPvqAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//G9CGo6IELh3Pu5d57gkRwbRD6cHIrq2vrG/nNwtb2zu5ecf+gpeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDnz2/dMaR7LOzNJmB+RoeQhp8RY6ca77RdLyK3Vqp6HIHIR9sq4Ygk+q5UrGGIXzVECSzT6xffeIKZpxKShgmjdxSgxfkaU4VSwaaGXapYQOiZD1rVUkohpP5tfOoUnVhnAMFa2pIFz9ftERiKtJ1FgOyNiRvq3NxP/8rqpCat+xmWSGibpYlGYCmhiOHsbDrhi1IiJJYQqbm+FdEQUocaGU7AhfH0K/yctz8U2metyqX6xjCMPjsAxOAUYnIM6uAIN0AQUhOABPIFnZ+w8Oi/O66I15yxnDsEPOG+fhJqNWQ==</latexit><latexit sha1_base64="XBtiqVU0uSbhXdbcKzgMPYmlf6o=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GpKh1nZXdOOyPvqAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//G9CGo6IELh3Pu5d57gkRwbRD6cHIrq2vrG/nNwtb2zu5ecf+gpeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDnz2/dMaR7LOzNJmB+RoeQhp8RY6ca77RdLyK3Vqp6HIHIR9sq4Ygk+q5UrGGIXzVECSzT6xffeIKZpxKShgmjdxSgxfkaU4VSwaaGXapYQOiZD1rVUkohpP5tfOoUnVhnAMFa2pIFz9ftERiKtJ1FgOyNiRvq3NxP/8rqpCat+xmWSGibpYlGYCmhiOHsbDrhi1IiJJYQqbm+FdEQUocaGU7AhfH0K/yctz8U2metyqX6xjCMPjsAxOAUYnIM6uAIN0AQUhOABPIFnZ+w8Oi/O66I15yxnDsEPOG+fhJqNWQ==</latexit><latexit sha1_base64="XBtiqVU0uSbhXdbcKzgMPYmlf6o=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GpKh1nZXdOOyPvqAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//G9CGo6IELh3Pu5d57gkRwbRD6cHIrq2vrG/nNwtb2zu5ecf+gpeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDnz2/dMaR7LOzNJmB+RoeQhp8RY6ca77RdLyK3Vqp6HIHIR9sq4Ygk+q5UrGGIXzVECSzT6xffeIKZpxKShgmjdxSgxfkaU4VSwaaGXapYQOiZD1rVUkohpP5tfOoUnVhnAMFa2pIFz9ftERiKtJ1FgOyNiRvq3NxP/8rqpCat+xmWSGibpYlGYCmhiOHsbDrhi1IiJJYQqbm+FdEQUocaGU7AhfH0K/yctz8U2metyqX6xjCMPjsAxOAUYnIM6uAIN0AQUhOABPIFnZ+w8Oi/O66I15yxnDsEPOG+fhJqNWQ==</latexit>

h ! SS
<latexit sha1_base64="TPBLNjf4x7RJWh4UhmheynaSsPA=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsy0BV0W3bis1D6gHUomTdvQTGZI7ghl6Ee4caGIW7/HnX9j+gK1HggczrmX3HOCWAqDrvvlZDY2t7Z3sru5vf2Dw6P88UnTRIlmvMEiGel2QA2XQvEGCpS8HWtOw0DyVjC+nfmtR66NiNQDTmLuh3SoxEAwilZqjboYkXq9ly+4RXcOYkm5XCmVibdSVqQAS9R6+c9uP2JJyBUySY3peG6Mfko1Cib5NNdNDI8pG9Mh71iqaMiNn87PnZILq/TJINL2KSRz9edGSkNjJmFgJ0OKI/PXm4n/eZ0EB9d+KlScIFds8dEgkcRmnGUnfaE5QzmxhDIt7K2EjaimDG1DOVvCWuR10iwVPbfo3VcK1ZtlHVk4g3O4BA+uoAp3UIMGMBjDE7zAqxM7z86b874YzTjLnVP4BefjG9pIjz0=</latexit><latexit sha1_base64="TPBLNjf4x7RJWh4UhmheynaSsPA=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsy0BV0W3bis1D6gHUomTdvQTGZI7ghl6Ee4caGIW7/HnX9j+gK1HggczrmX3HOCWAqDrvvlZDY2t7Z3sru5vf2Dw6P88UnTRIlmvMEiGel2QA2XQvEGCpS8HWtOw0DyVjC+nfmtR66NiNQDTmLuh3SoxEAwilZqjboYkXq9ly+4RXcOYkm5XCmVibdSVqQAS9R6+c9uP2JJyBUySY3peG6Mfko1Cib5NNdNDI8pG9Mh71iqaMiNn87PnZILq/TJINL2KSRz9edGSkNjJmFgJ0OKI/PXm4n/eZ0EB9d+KlScIFds8dEgkcRmnGUnfaE5QzmxhDIt7K2EjaimDG1DOVvCWuR10iwVPbfo3VcK1ZtlHVk4g3O4BA+uoAp3UIMGMBjDE7zAqxM7z86b874YzTjLnVP4BefjG9pIjz0=</latexit><latexit sha1_base64="TPBLNjf4x7RJWh4UhmheynaSsPA=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsy0BV0W3bis1D6gHUomTdvQTGZI7ghl6Ee4caGIW7/HnX9j+gK1HggczrmX3HOCWAqDrvvlZDY2t7Z3sru5vf2Dw6P88UnTRIlmvMEiGel2QA2XQvEGCpS8HWtOw0DyVjC+nfmtR66NiNQDTmLuh3SoxEAwilZqjboYkXq9ly+4RXcOYkm5XCmVibdSVqQAS9R6+c9uP2JJyBUySY3peG6Mfko1Cib5NNdNDI8pG9Mh71iqaMiNn87PnZILq/TJINL2KSRz9edGSkNjJmFgJ0OKI/PXm4n/eZ0EB9d+KlScIFds8dEgkcRmnGUnfaE5QzmxhDIt7K2EjaimDG1DOVvCWuR10iwVPbfo3VcK1ZtlHVk4g3O4BA+uoAp3UIMGMBjDE7zAqxM7z86b874YzTjLnVP4BefjG9pIjz0=</latexit><latexit sha1_base64="TPBLNjf4x7RJWh4UhmheynaSsPA=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsy0BV0W3bis1D6gHUomTdvQTGZI7ghl6Ee4caGIW7/HnX9j+gK1HggczrmX3HOCWAqDrvvlZDY2t7Z3sru5vf2Dw6P88UnTRIlmvMEiGel2QA2XQvEGCpS8HWtOw0DyVjC+nfmtR66NiNQDTmLuh3SoxEAwilZqjboYkXq9ly+4RXcOYkm5XCmVibdSVqQAS9R6+c9uP2JJyBUySY3peG6Mfko1Cib5NNdNDI8pG9Mh71iqaMiNn87PnZILq/TJINL2KSRz9edGSkNjJmFgJ0OKI/PXm4n/eZ0EB9d+KlScIFds8dEgkcRmnGUnfaE5QzmxhDIt7K2EjaimDG1DOVvCWuR10iwVPbfo3VcK1ZtlHVk4g3O4BA+uoAp3UIMGMBjDE7zAqxM7z86b874YzTjLnVP4BefjG9pIjz0=</latexit>

<latexit sha1_base64="TPBLNjf4x7RJWh4UhmheynaSsPA=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsy0BV0W3bis1D6gHUomTdvQTGZI7ghl6Ee4caGIW7/HnX9j+gK1HggczrmX3HOCWAqDrvvlZDY2t7Z3sru5vf2Dw6P88UnTRIlmvMEiGel2QA2XQvEGCpS8HWtOw0DyVjC+nfmtR66NiNQDTmLuh3SoxEAwilZqjboYkXq9ly+4RXcOYkm5XCmVibdSVqQAS9R6+c9uP2JJyBUySY3peG6Mfko1Cib5NNdNDI8pG9Mh71iqaMiNn87PnZILq/TJINL2KSRz9edGSkNjJmFgJ0OKI/PXm4n/eZ0EB9d+KlScIFds8dEgkcRmnGUnfaE5QzmxhDIt7K2EjaimDG1DOVvCWuR10iwVPbfo3VcK1ZtlHVk4g3O4BA+uoAp3UIMGMBjDE7zAqxM7z86b874YzTjLnVP4BefjG9pIjz0=</latexit><latexit sha1_base64="TPBLNjf4x7RJWh4UhmheynaSsPA=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsy0BV0W3bis1D6gHUomTdvQTGZI7ghl6Ee4caGIW7/HnX9j+gK1HggczrmX3HOCWAqDrvvlZDY2t7Z3sru5vf2Dw6P88UnTRIlmvMEiGel2QA2XQvEGCpS8HWtOw0DyVjC+nfmtR66NiNQDTmLuh3SoxEAwilZqjboYkXq9ly+4RXcOYkm5XCmVibdSVqQAS9R6+c9uP2JJyBUySY3peG6Mfko1Cib5NNdNDI8pG9Mh71iqaMiNn87PnZILq/TJINL2KSRz9edGSkNjJmFgJ0OKI/PXm4n/eZ0EB9d+KlScIFds8dEgkcRmnGUnfaE5QzmxhDIt7K2EjaimDG1DOVvCWuR10iwVPbfo3VcK1ZtlHVk4g3O4BA+uoAp3UIMGMBjDE7zAqxM7z86b874YzTjLnVP4BefjG9pIjz0=</latexit><latexit sha1_base64="TPBLNjf4x7RJWh4UhmheynaSsPA=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsy0BV0W3bis1D6gHUomTdvQTGZI7ghl6Ee4caGIW7/HnX9j+gK1HggczrmX3HOCWAqDrvvlZDY2t7Z3sru5vf2Dw6P88UnTRIlmvMEiGel2QA2XQvEGCpS8HWtOw0DyVjC+nfmtR66NiNQDTmLuh3SoxEAwilZqjboYkXq9ly+4RXcOYkm5XCmVibdSVqQAS9R6+c9uP2JJyBUySY3peG6Mfko1Cib5NNdNDI8pG9Mh71iqaMiNn87PnZILq/TJINL2KSRz9edGSkNjJmFgJ0OKI/PXm4n/eZ0EB9d+KlScIFds8dEgkcRmnGUnfaE5QzmxhDIt7K2EjaimDG1DOVvCWuR10iwVPbfo3VcK1ZtlHVk4g3O4BA+uoAp3UIMGMBjDE7zAqxM7z86b874YzTjLnVP4BefjG9pIjz0=</latexit>

S ! K+K�
<latexit sha1_base64="bAH4+T/eByJWgEN9zU/mjBCLwxo=">AAAB8nicbVDLSgMxFM3UV62vqks3wSIIYpkRQZdFN0I3Fe0DptOSSdM2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGce8k9J4wFN+C6305uZXVtfSO/Wdja3tndK+4fNIxKNGV1qoTSrZAYJrhkdeAgWCvWjEShYM1wdDv1m09MG67kI4xjFkRkIHmfUwJW8h/aoHC1c1btnHeLJbfszoCXiZeREspQ6xa/2j1Fk4hJoIIY43tuDEFKNHAq2KTQTgyLCR2RAfMtlSRiJkhnJ0/wiVV6uK+0fRLwTP29kZLImHEU2smIwNAselPxP89PoH8dpFzGCTBJ5x/1E4Ftzml+3OOaURBjSwjV3N6K6ZBoQsG2VLAleIuRl0njouy5Ze/+slS5yerIoyN0jE6Rh65QBd2hGqojihR6Rq/ozQHnxXl3PuajOSfbOUR/4Hz+AMuskEQ=</latexit><latexit sha1_base64="bAH4+T/eByJWgEN9zU/mjBCLwxo=">AAAB8nicbVDLSgMxFM3UV62vqks3wSIIYpkRQZdFN0I3Fe0DptOSSdM2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGce8k9J4wFN+C6305uZXVtfSO/Wdja3tndK+4fNIxKNGV1qoTSrZAYJrhkdeAgWCvWjEShYM1wdDv1m09MG67kI4xjFkRkIHmfUwJW8h/aoHC1c1btnHeLJbfszoCXiZeREspQ6xa/2j1Fk4hJoIIY43tuDEFKNHAq2KTQTgyLCR2RAfMtlSRiJkhnJ0/wiVV6uK+0fRLwTP29kZLImHEU2smIwNAselPxP89PoH8dpFzGCTBJ5x/1E4Ftzml+3OOaURBjSwjV3N6K6ZBoQsG2VLAleIuRl0njouy5Ze/+slS5yerIoyN0jE6Rh65QBd2hGqojihR6Rq/ozQHnxXl3PuajOSfbOUR/4Hz+AMuskEQ=</latexit><latexit sha1_base64="bAH4+T/eByJWgEN9zU/mjBCLwxo=">AAAB8nicbVDLSgMxFM3UV62vqks3wSIIYpkRQZdFN0I3Fe0DptOSSdM2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGce8k9J4wFN+C6305uZXVtfSO/Wdja3tndK+4fNIxKNGV1qoTSrZAYJrhkdeAgWCvWjEShYM1wdDv1m09MG67kI4xjFkRkIHmfUwJW8h/aoHC1c1btnHeLJbfszoCXiZeREspQ6xa/2j1Fk4hJoIIY43tuDEFKNHAq2KTQTgyLCR2RAfMtlSRiJkhnJ0/wiVV6uK+0fRLwTP29kZLImHEU2smIwNAselPxP89PoH8dpFzGCTBJ5x/1E4Ftzml+3OOaURBjSwjV3N6K6ZBoQsG2VLAleIuRl0njouy5Ze/+slS5yerIoyN0jE6Rh65QBd2hGqojihR6Rq/ozQHnxXl3PuajOSfbOUR/4Hz+AMuskEQ=</latexit><latexit sha1_base64="bAH4+T/eByJWgEN9zU/mjBCLwxo=">AAAB8nicbVDLSgMxFM3UV62vqks3wSIIYpkRQZdFN0I3Fe0DptOSSdM2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGce8k9J4wFN+C6305uZXVtfSO/Wdja3tndK+4fNIxKNGV1qoTSrZAYJrhkdeAgWCvWjEShYM1wdDv1m09MG67kI4xjFkRkIHmfUwJW8h/aoHC1c1btnHeLJbfszoCXiZeREspQ6xa/2j1Fk4hJoIIY43tuDEFKNHAq2KTQTgyLCR2RAfMtlSRiJkhnJ0/wiVV6uK+0fRLwTP29kZLImHEU2smIwNAselPxP89PoH8dpFzGCTBJ5x/1E4Ftzml+3OOaURBjSwjV3N6K6ZBoQsG2VLAleIuRl0njouy5Ze/+slS5yerIoyN0jE6Rh65QBd2hGqojihR6Rq/ozQHnxXl3PuajOSfbOUR/4Hz+AMuskEQ=</latexit>

mS = 1.2GeV
<latexit sha1_base64="JsdqteWqiXgAKddHXk7DFhPx3Xs=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuJCSFEE3QtGFLivaCzQhTKaTdujMJMxMxBLyKm5cKOLWF3Hn2zhts9DWHwY+/nMO58wfJowq7TjfVmlldW19o7xZ2dre2d2z96sdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPx9bTefSRS0Vg86ElCfI6GgkYUI22swK7y4P7SrTe808yTHN6QTh7YNafuzASXwS2gBgq1AvvLG8Q45URozJBSfddJtJ8hqSlmJK94qSIJwmM0JH2DAnGi/Gx2ew6PjTOAUSzNExrO3N8TGeJKTXhoOjnSI7VYm5r/1fqpji78jIok1UTg+aIoZVDHcBoEHFBJsGYTAwhLam6FeIQkwtrEVTEhuItfXoZOo+4avjurNa+KOMrgEByBE+CCc9AEt6AF2gCDJ/AMXsGblVsv1rv1MW8tWcXMAfgj6/MHEmqTKQ==</latexit><latexit sha1_base64="JsdqteWqiXgAKddHXk7DFhPx3Xs=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuJCSFEE3QtGFLivaCzQhTKaTdujMJMxMxBLyKm5cKOLWF3Hn2zhts9DWHwY+/nMO58wfJowq7TjfVmlldW19o7xZ2dre2d2z96sdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPx9bTefSRS0Vg86ElCfI6GgkYUI22swK7y4P7SrTe808yTHN6QTh7YNafuzASXwS2gBgq1AvvLG8Q45URozJBSfddJtJ8hqSlmJK94qSIJwmM0JH2DAnGi/Gx2ew6PjTOAUSzNExrO3N8TGeJKTXhoOjnSI7VYm5r/1fqpji78jIok1UTg+aIoZVDHcBoEHFBJsGYTAwhLam6FeIQkwtrEVTEhuItfXoZOo+4avjurNa+KOMrgEByBE+CCc9AEt6AF2gCDJ/AMXsGblVsv1rv1MW8tWcXMAfgj6/MHEmqTKQ==</latexit><latexit sha1_base64="JsdqteWqiXgAKddHXk7DFhPx3Xs=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuJCSFEE3QtGFLivaCzQhTKaTdujMJMxMxBLyKm5cKOLWF3Hn2zhts9DWHwY+/nMO58wfJowq7TjfVmlldW19o7xZ2dre2d2z96sdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPx9bTefSRS0Vg86ElCfI6GgkYUI22swK7y4P7SrTe808yTHN6QTh7YNafuzASXwS2gBgq1AvvLG8Q45URozJBSfddJtJ8hqSlmJK94qSIJwmM0JH2DAnGi/Gx2ew6PjTOAUSzNExrO3N8TGeJKTXhoOjnSI7VYm5r/1fqpji78jIok1UTg+aIoZVDHcBoEHFBJsGYTAwhLam6FeIQkwtrEVTEhuItfXoZOo+4avjurNa+KOMrgEByBE+CCc9AEt6AF2gCDJ/AMXsGblVsv1rv1MW8tWcXMAfgj6/MHEmqTKQ==</latexit><latexit sha1_base64="xOqSAjidZrSM57hMvdBm5MqrmlM=">AAAB5HicbZBNS8NAEIYnftb4Vb16WSyCp5J40aPgxWMF+wFtKZvNpF262YTdiVBC/4AHLyJe/U3e/DduP0BtfWHh4Z0ZduaNciUtBcGXt7G5tb2zW9nz9w/8w6Pj6knLZoUR2BSZykwn4haV1NgkSQo7uUGeRgrb0fhuVm8/obEy0480ybGf8qGWiRScnNUYVGtBPZiLrUO4hBosNah+9uJMFClqEopb2w2DnPolNySFwqnfKyzmXIz5ELsONU/R9sv5mlN24ZyYJZlxTxObu78nSp5aO0kj15lyGtnV2sz8r9YtKLnpl1LnBaEWi4+SQjHK2OxmFkuDgtTEARdGul2ZGHHDBblkfJdBuHrxOrSu6qHjh58woAJncA6XEMI13MI9NKAJAmJ4hldv5L14b977onHDW06cwh95H98YPIsC</latexit><latexit sha1_base64="KNCiwggNUhcxU7ZJGTgYZboOn7E=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcCEl6UY3guBClxXtBZoQJtNJO3QmCTMTsYS8ihsXirj1Rdz5Nk4voLb+MPDxn3M4Z/4w5Uxpx/mySiura+sb5c3K1vbO7p69X22rJJOEtkjCE9kNsaKcxbSlmea0m0qKRchpJxxdTeqdByoVS+J7PU6pL/AgZhEjWBsrsKsiuLtw6w3vNPekQNe0XQR2zak7U6FlcOdQg7magf3p9ROSCRprwrFSPddJtZ9jqRnhtKh4maIpJiM8oD2DMRZU+fn09gIdG6ePokSaF2s0dX9P5FgoNRah6RRYD9VibWL+V+tlOjr3cxanmaYxmS2KMo50giZBoD6TlGg+NoCJZOZWRIZYYqJNXBUTgrv45WVoN+qu4dufNKAMh3AEJ+DCGVzCDTShBQQe4Qle4NUqrGfrzXqftZas+cwB/JH18Q3pwZKj</latexit><latexit sha1_base64="KNCiwggNUhcxU7ZJGTgYZboOn7E=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcCEl6UY3guBClxXtBZoQJtNJO3QmCTMTsYS8ihsXirj1Rdz5Nk4voLb+MPDxn3M4Z/4w5Uxpx/mySiura+sb5c3K1vbO7p69X22rJJOEtkjCE9kNsaKcxbSlmea0m0qKRchpJxxdTeqdByoVS+J7PU6pL/AgZhEjWBsrsKsiuLtw6w3vNPekQNe0XQR2zak7U6FlcOdQg7magf3p9ROSCRprwrFSPddJtZ9jqRnhtKh4maIpJiM8oD2DMRZU+fn09gIdG6ePokSaF2s0dX9P5FgoNRah6RRYD9VibWL+V+tlOjr3cxanmaYxmS2KMo50giZBoD6TlGg+NoCJZOZWRIZYYqJNXBUTgrv45WVoN+qu4dufNKAMh3AEJ+DCGVzCDTShBQQe4Qle4NUqrGfrzXqftZas+cwB/JH18Q3pwZKj</latexit><latexit sha1_base64="rY17zbgWoHn1XYKFt3nBTSiLaN8=">AAAB+3icbZDLSsNAFIZPvNZ6q3XpZrAILqQk3ehGKLrQZUV7gSaEyXTSDp1JwsxELCGv4saFIm59EXe+jdM2C239YeDjP+dwzvxBwpnStv1trayurW9slrbK2zu7e/uVg2pHxakktE1iHstegBXlLKJtzTSnvURSLAJOu8H4elrvPlKpWBw96ElCPYGHEQsZwdpYfqUq/PtLp95wzzJXCnRDO7lfqdl1eya0DE4BNSjU8itf7iAmqaCRJhwr1XfsRHsZlpoRTvOymyqaYDLGQ9o3GGFBlZfNbs/RiXEGKIyleZFGM/f3RIaFUhMRmE6B9Ugt1qbmf7V+qsMLL2NRkmoakfmiMOVIx2gaBBowSYnmEwOYSGZuRWSEJSbaxFU2ITiLX16GTqPuGL6za82rIo4SHMExnIID59CEW2hBGwg8wTO8wpuVWy/Wu/Uxb12xiplD+CPr8wcRKpMl</latexit><latexit sha1_base64="JsdqteWqiXgAKddHXk7DFhPx3Xs=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuJCSFEE3QtGFLivaCzQhTKaTdujMJMxMxBLyKm5cKOLWF3Hn2zhts9DWHwY+/nMO58wfJowq7TjfVmlldW19o7xZ2dre2d2z96sdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPx9bTefSRS0Vg86ElCfI6GgkYUI22swK7y4P7SrTe808yTHN6QTh7YNafuzASXwS2gBgq1AvvLG8Q45URozJBSfddJtJ8hqSlmJK94qSIJwmM0JH2DAnGi/Gx2ew6PjTOAUSzNExrO3N8TGeJKTXhoOjnSI7VYm5r/1fqpji78jIok1UTg+aIoZVDHcBoEHFBJsGYTAwhLam6FeIQkwtrEVTEhuItfXoZOo+4avjurNa+KOMrgEByBE+CCc9AEt6AF2gCDJ/AMXsGblVsv1rv1MW8tWcXMAfgj6/MHEmqTKQ==</latexit><latexit sha1_base64="JsdqteWqiXgAKddHXk7DFhPx3Xs=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuJCSFEE3QtGFLivaCzQhTKaTdujMJMxMxBLyKm5cKOLWF3Hn2zhts9DWHwY+/nMO58wfJowq7TjfVmlldW19o7xZ2dre2d2z96sdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPx9bTefSRS0Vg86ElCfI6GgkYUI22swK7y4P7SrTe808yTHN6QTh7YNafuzASXwS2gBgq1AvvLG8Q45URozJBSfddJtJ8hqSlmJK94qSIJwmM0JH2DAnGi/Gx2ew6PjTOAUSzNExrO3N8TGeJKTXhoOjnSI7VYm5r/1fqpji78jIok1UTg+aIoZVDHcBoEHFBJsGYTAwhLam6FeIQkwtrEVTEhuItfXoZOo+4avjurNa+KOMrgEByBE+CCc9AEt6AF2gCDJ/AMXsGblVsv1rv1MW8tWcXMAfgj6/MHEmqTKQ==</latexit><latexit sha1_base64="JsdqteWqiXgAKddHXk7DFhPx3Xs=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuJCSFEE3QtGFLivaCzQhTKaTdujMJMxMxBLyKm5cKOLWF3Hn2zhts9DWHwY+/nMO58wfJowq7TjfVmlldW19o7xZ2dre2d2z96sdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPx9bTefSRS0Vg86ElCfI6GgkYUI22swK7y4P7SrTe808yTHN6QTh7YNafuzASXwS2gBgq1AvvLG8Q45URozJBSfddJtJ8hqSlmJK94qSIJwmM0JH2DAnGi/Gx2ew6PjTOAUSzNExrO3N8TGeJKTXhoOjnSI7VYm5r/1fqpji78jIok1UTg+aIoZVDHcBoEHFBJsGYTAwhLam6FeIQkwtrEVTEhuItfXoZOo+4avjurNa+KOMrgEByBE+CCc9AEt6AF2gCDJ/AMXsGblVsv1rv1MW8tWcXMAfgj6/MHEmqTKQ==</latexit><latexit sha1_base64="JsdqteWqiXgAKddHXk7DFhPx3Xs=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuJCSFEE3QtGFLivaCzQhTKaTdujMJMxMxBLyKm5cKOLWF3Hn2zhts9DWHwY+/nMO58wfJowq7TjfVmlldW19o7xZ2dre2d2z96sdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPx9bTefSRS0Vg86ElCfI6GgkYUI22swK7y4P7SrTe808yTHN6QTh7YNafuzASXwS2gBgq1AvvLG8Q45URozJBSfddJtJ8hqSlmJK94qSIJwmM0JH2DAnGi/Gx2ew6PjTOAUSzNExrO3N8TGeJKTXhoOjnSI7VYm5r/1fqpji78jIok1UTg+aIoZVDHcBoEHFBJsGYTAwhLam6FeIQkwtrEVTEhuItfXoZOo+4avjurNa+KOMrgEByBE+CCc9AEt6AF2gCDJ/AMXsGblVsv1rv1MW8tWcXMAfgj6/MHEmqTKQ==</latexit><latexit sha1_base64="JsdqteWqiXgAKddHXk7DFhPx3Xs=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuJCSFEE3QtGFLivaCzQhTKaTdujMJMxMxBLyKm5cKOLWF3Hn2zhts9DWHwY+/nMO58wfJowq7TjfVmlldW19o7xZ2dre2d2z96sdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPx9bTefSRS0Vg86ElCfI6GgkYUI22swK7y4P7SrTe808yTHN6QTh7YNafuzASXwS2gBgq1AvvLG8Q45URozJBSfddJtJ8hqSlmJK94qSIJwmM0JH2DAnGi/Gx2ew6PjTOAUSzNExrO3N8TGeJKTXhoOjnSI7VYm5r/1fqpji78jIok1UTg+aIoZVDHcBoEHFBJsGYTAwhLam6FeIQkwtrEVTEhuItfXoZOo+4avjurNa+KOMrgEByBE+CCc9AEt6AF2gCDJ/AMXsGblVsv1rv1MW8tWcXMAfgj6/MHEmqTKQ==</latexit><latexit sha1_base64="JsdqteWqiXgAKddHXk7DFhPx3Xs=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuJCSFEE3QtGFLivaCzQhTKaTdujMJMxMxBLyKm5cKOLWF3Hn2zhts9DWHwY+/nMO58wfJowq7TjfVmlldW19o7xZ2dre2d2z96sdFacSkzaOWSx7IVKEUUHammpGeokkiIeMdMPx9bTefSRS0Vg86ElCfI6GgkYUI22swK7y4P7SrTe808yTHN6QTh7YNafuzASXwS2gBgq1AvvLG8Q45URozJBSfddJtJ8hqSlmJK94qSIJwmM0JH2DAnGi/Gx2ew6PjTOAUSzNExrO3N8TGeJKTXhoOjnSI7VYm5r/1fqpji78jIok1UTg+aIoZVDHcBoEHFBJsGYTAwhLam6FeIQkwtrEVTEhuItfXoZOo+4avjurNa+KOMrgEByBE+CCc9AEt6AF2gCDJ/AMXsGblVsv1rv1MW8tWcXMAfgj6/MHEmqTKQ==</latexit>
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1S
<latexit sha1_base64="Ij3UKw5H4N+qzCUWo8jm1Iq5C50=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcJuEtBj0IvHiOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2fzADUWNBRV3XR3BTFn2rjul5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iySD2YSU1/goWQhI9hkkte7uO8XS27ZnQFZUq3WKlXkLZUlKcECjX7xszeISCKoNIRjrbueGxs/xcowwum00Es0jTEZ4yHtWiqxoNpPZ7dO0ZlVBiiMlC1p0Ez9OZFiofVEBLZTYDPSf71M/M/rJia88lMm48RQSeaLwoQjE6HscTRgihLDJ5Zgopi9FZERVpgYG0/BhrDy8ippVcqeW/buaqX69SKOPJzAKZyDB5dQh1toQBMIjOAJXuDVEc6z8+a8z1tzzmLmGH7B+fgGTe2Nvg==</latexit><latexit sha1_base64="Ij3UKw5H4N+qzCUWo8jm1Iq5C50=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcJuEtBj0IvHiOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2fzADUWNBRV3XR3BTFn2rjul5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iySD2YSU1/goWQhI9hkkte7uO8XS27ZnQFZUq3WKlXkLZUlKcECjX7xszeISCKoNIRjrbueGxs/xcowwum00Es0jTEZ4yHtWiqxoNpPZ7dO0ZlVBiiMlC1p0Ez9OZFiofVEBLZTYDPSf71M/M/rJia88lMm48RQSeaLwoQjE6HscTRgihLDJ5Zgopi9FZERVpgYG0/BhrDy8ippVcqeW/buaqX69SKOPJzAKZyDB5dQh1toQBMIjOAJXuDVEc6z8+a8z1tzzmLmGH7B+fgGTe2Nvg==</latexit><latexit sha1_base64="Ij3UKw5H4N+qzCUWo8jm1Iq5C50=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcJuEtBj0IvHiOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2fzADUWNBRV3XR3BTFn2rjul5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iySD2YSU1/goWQhI9hkkte7uO8XS27ZnQFZUq3WKlXkLZUlKcECjX7xszeISCKoNIRjrbueGxs/xcowwum00Es0jTEZ4yHtWiqxoNpPZ7dO0ZlVBiiMlC1p0Ez9OZFiofVEBLZTYDPSf71M/M/rJia88lMm48RQSeaLwoQjE6HscTRgihLDJ5Zgopi9FZERVpgYG0/BhrDy8ippVcqeW/buaqX69SKOPJzAKZyDB5dQh1toQBMIjOAJXuDVEc6z8+a8z1tzzmLmGH7B+fgGTe2Nvg==</latexit><latexit sha1_base64="Ij3UKw5H4N+qzCUWo8jm1Iq5C50=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcJuEtBj0IvHiOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2fzADUWNBRV3XR3BTFn2rjul5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iySD2YSU1/goWQhI9hkkte7uO8XS27ZnQFZUq3WKlXkLZUlKcECjX7xszeISCKoNIRjrbueGxs/xcowwum00Es0jTEZ4yHtWiqxoNpPZ7dO0ZlVBiiMlC1p0Ez9OZFiofVEBLZTYDPSf71M/M/rJia88lMm48RQSeaLwoQjE6HscTRgihLDJ5Zgopi9FZERVpgYG0/BhrDy8ippVcqeW/buaqX69SKOPJzAKZyDB5dQh1toQBMIjOAJXuDVEc6z8+a8z1tzzmLmGH7B+fgGTe2Nvg==</latexit>

2S
<latexit sha1_base64="S/tdm3jv/bnvyX1UmBmGqtfl8Q4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcJuEtBj0IvHiOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2fzADUWNBRV3XR3BTFn2rjul5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iySD2YSU1/goWQhI9hkUqV3cd8vltyyOwOypFqtVarIWypLUoIFGv3iZ28QkURQaQjHWnc9NzZ+ipVhhNNpoZdoGmMyxkPatVRiQbWfzm6dojOrDFAYKVvSoJn6cyLFQuuJCGynwGak/3qZ+J/XTUx45adMxomhkswXhQlHJkLZ42jAFCWGTyzBRDF7KyIjrDAxNp6CDWHl5VXSqpQ9t+zd1Ur160UceTiBUzgHDy6hDrfQgCYQGMETvMCrI5xn5815n7fmnMXMMfyC8/ENT3SNvw==</latexit><latexit sha1_base64="S/tdm3jv/bnvyX1UmBmGqtfl8Q4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcJuEtBj0IvHiOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2fzADUWNBRV3XR3BTFn2rjul5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iySD2YSU1/goWQhI9hkUqV3cd8vltyyOwOypFqtVarIWypLUoIFGv3iZ28QkURQaQjHWnc9NzZ+ipVhhNNpoZdoGmMyxkPatVRiQbWfzm6dojOrDFAYKVvSoJn6cyLFQuuJCGynwGak/3qZ+J/XTUx45adMxomhkswXhQlHJkLZ42jAFCWGTyzBRDF7KyIjrDAxNp6CDWHl5VXSqpQ9t+zd1Ur160UceTiBUzgHDy6hDrfQgCYQGMETvMCrI5xn5815n7fmnMXMMfyC8/ENT3SNvw==</latexit><latexit sha1_base64="S/tdm3jv/bnvyX1UmBmGqtfl8Q4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcJuEtBj0IvHiOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2fzADUWNBRV3XR3BTFn2rjul5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iySD2YSU1/goWQhI9hkUqV3cd8vltyyOwOypFqtVarIWypLUoIFGv3iZ28QkURQaQjHWnc9NzZ+ipVhhNNpoZdoGmMyxkPatVRiQbWfzm6dojOrDFAYKVvSoJn6cyLFQuuJCGynwGak/3qZ+J/XTUx45adMxomhkswXhQlHJkLZ42jAFCWGTyzBRDF7KyIjrDAxNp6CDWHl5VXSqpQ9t+zd1Ur160UceTiBUzgHDy6hDrfQgCYQGMETvMCrI5xn5815n7fmnMXMMfyC8/ENT3SNvw==</latexit><latexit sha1_base64="S/tdm3jv/bnvyX1UmBmGqtfl8Q4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcJuEtBj0IvHiOYByRJmJ7PJkJnZZWZWCEt+wYsHRbz6Q978G2fzADUWNBRV3XR3BTFn2rjul5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8U3mtx+p0iySD2YSU1/goWQhI9hkUqV3cd8vltyyOwOypFqtVarIWypLUoIFGv3iZ28QkURQaQjHWnc9NzZ+ipVhhNNpoZdoGmMyxkPatVRiQbWfzm6dojOrDFAYKVvSoJn6cyLFQuuJCGynwGak/3qZ+J/XTUx45adMxomhkswXhQlHJkLZ42jAFCWGTyzBRDF7KyIjrDAxNp6CDWHl5VXSqpQ9t+zd1Ur160UceTiBUzgHDy6hDrfQgCYQGMETvMCrI5xn5815n7fmnMXMMfyC8/ENT3SNvw==</latexit>

Bs/B
±/B0 ! SS +X

<latexit sha1_base64="c7RC5uEWjRfAoajvfC5Id9Rx2yI=">AAACAHicdVBLSwMxGMzWV62vqgcPXoJFEIQ1WWptb6VePFZqH9DWJZumbWj2QZIVytKLf8WLB0W8+jO8+W9MH4KKDoQMM99HMuNFgiuN0IeVWlpeWV1Lr2c2Nre2d7K7ew0VxpKyOg1FKFseUUzwgNU114K1IsmI7wnW9EaXU795x6TiYXCjxxHr+mQQ8D6nRBvJzR5UXHVWuU06kT8xN+roENZqpy03m0N2qVR0HASRjbCTxwVD8HkpX8AQ22iGHFig6mbfO72Qxj4LNBVEqTZGke4mRGpOBZtkOrFiEaEjMmBtQwPiM9VNZgEm8NgoPdgPpTmBhjP1+0ZCfKXGvmcmfaKH6rc3Ff/y2rHuF7sJD6JYs4DOH+rHApqU0zZgj0tGtRgbQqjk5q+QDokkVJvOMqaEr6Twf9JwbGyauc7nypVFHWlwCI7ACcDgApTBFaiCOqBgAh7AE3i27q1H68V6nY+mrMXOPvgB6+0TGlOVcg==</latexit><latexit sha1_base64="c7RC5uEWjRfAoajvfC5Id9Rx2yI=">AAACAHicdVBLSwMxGMzWV62vqgcPXoJFEIQ1WWptb6VePFZqH9DWJZumbWj2QZIVytKLf8WLB0W8+jO8+W9MH4KKDoQMM99HMuNFgiuN0IeVWlpeWV1Lr2c2Nre2d7K7ew0VxpKyOg1FKFseUUzwgNU114K1IsmI7wnW9EaXU795x6TiYXCjxxHr+mQQ8D6nRBvJzR5UXHVWuU06kT8xN+roENZqpy03m0N2qVR0HASRjbCTxwVD8HkpX8AQ22iGHFig6mbfO72Qxj4LNBVEqTZGke4mRGpOBZtkOrFiEaEjMmBtQwPiM9VNZgEm8NgoPdgPpTmBhjP1+0ZCfKXGvmcmfaKH6rc3Ff/y2rHuF7sJD6JYs4DOH+rHApqU0zZgj0tGtRgbQqjk5q+QDokkVJvOMqaEr6Twf9JwbGyauc7nypVFHWlwCI7ACcDgApTBFaiCOqBgAh7AE3i27q1H68V6nY+mrMXOPvgB6+0TGlOVcg==</latexit><latexit sha1_base64="c7RC5uEWjRfAoajvfC5Id9Rx2yI=">AAACAHicdVBLSwMxGMzWV62vqgcPXoJFEIQ1WWptb6VePFZqH9DWJZumbWj2QZIVytKLf8WLB0W8+jO8+W9MH4KKDoQMM99HMuNFgiuN0IeVWlpeWV1Lr2c2Nre2d7K7ew0VxpKyOg1FKFseUUzwgNU114K1IsmI7wnW9EaXU795x6TiYXCjxxHr+mQQ8D6nRBvJzR5UXHVWuU06kT8xN+roENZqpy03m0N2qVR0HASRjbCTxwVD8HkpX8AQ22iGHFig6mbfO72Qxj4LNBVEqTZGke4mRGpOBZtkOrFiEaEjMmBtQwPiM9VNZgEm8NgoPdgPpTmBhjP1+0ZCfKXGvmcmfaKH6rc3Ff/y2rHuF7sJD6JYs4DOH+rHApqU0zZgj0tGtRgbQqjk5q+QDokkVJvOMqaEr6Twf9JwbGyauc7nypVFHWlwCI7ACcDgApTBFaiCOqBgAh7AE3i27q1H68V6nY+mrMXOPvgB6+0TGlOVcg==</latexit><latexit sha1_base64="c7RC5uEWjRfAoajvfC5Id9Rx2yI=">AAACAHicdVBLSwMxGMzWV62vqgcPXoJFEIQ1WWptb6VePFZqH9DWJZumbWj2QZIVytKLf8WLB0W8+jO8+W9MH4KKDoQMM99HMuNFgiuN0IeVWlpeWV1Lr2c2Nre2d7K7ew0VxpKyOg1FKFseUUzwgNU114K1IsmI7wnW9EaXU795x6TiYXCjxxHr+mQQ8D6nRBvJzR5UXHVWuU06kT8xN+roENZqpy03m0N2qVR0HASRjbCTxwVD8HkpX8AQ22iGHFig6mbfO72Qxj4LNBVEqTZGke4mRGpOBZtkOrFiEaEjMmBtQwPiM9VNZgEm8NgoPdgPpTmBhjP1+0ZCfKXGvmcmfaKH6rc3Ff/y2rHuF7sJD6JYs4DOH+rHApqU0zZgj0tGtRgbQqjk5q+QDokkVJvOMqaEr6Twf9JwbGyauc7nypVFHWlwCI7ACcDgApTBFaiCOqBgAh7AE3i27q1H68V6nY+mrMXOPvgB6+0TGlOVcg==</latexit>

1S
<latexit sha1_base64="dMXOz4a4QDiu7ehkgwMawN0OGWE=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GpKh1nZXdOOyPvqAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//G9CGo6IELh3Pu5d57gkRwbRD6cHIrq2vrG/nNwtb2zu5ecf+gpeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDnz2/dMaR7LOzNJmB+RoeQhp8RY6Qbf9osl5NZqVc9DELkIe2VcsQSf1coVDLGL5iiBJRr94ntvENM0YtJQQbTuYpQYPyPKcCrYtNBLNUsIHZMh61oqScS0n80vncITqwxgGCtb0sC5+n0iI5HWkyiwnRExI/3bm4l/ed3UhFU/4zJJDZN0sShMBTQxnL0NB1wxasTEEkIVt7dCOiKKUGPDKdgQvj6F/5OW52KbzHW5VL9YxpEHR+AYnAIMzkEdXIEGaAIKQvAAnsCzM3YenRfnddGac5Yzh+AHnLdPgxWNWA==</latexit><latexit sha1_base64="dMXOz4a4QDiu7ehkgwMawN0OGWE=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GpKh1nZXdOOyPvqAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//G9CGo6IELh3Pu5d57gkRwbRD6cHIrq2vrG/nNwtb2zu5ecf+gpeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDnz2/dMaR7LOzNJmB+RoeQhp8RY6Qbf9osl5NZqVc9DELkIe2VcsQSf1coVDLGL5iiBJRr94ntvENM0YtJQQbTuYpQYPyPKcCrYtNBLNUsIHZMh61oqScS0n80vncITqwxgGCtb0sC5+n0iI5HWkyiwnRExI/3bm4l/ed3UhFU/4zJJDZN0sShMBTQxnL0NB1wxasTEEkIVt7dCOiKKUGPDKdgQvj6F/5OW52KbzHW5VL9YxpEHR+AYnAIMzkEdXIEGaAIKQvAAnsCzM3YenRfnddGac5Yzh+AHnLdPgxWNWA==</latexit><latexit sha1_base64="dMXOz4a4QDiu7ehkgwMawN0OGWE=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GpKh1nZXdOOyPvqAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//G9CGo6IELh3Pu5d57gkRwbRD6cHIrq2vrG/nNwtb2zu5ecf+gpeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDnz2/dMaR7LOzNJmB+RoeQhp8RY6Qbf9osl5NZqVc9DELkIe2VcsQSf1coVDLGL5iiBJRr94ntvENM0YtJQQbTuYpQYPyPKcCrYtNBLNUsIHZMh61oqScS0n80vncITqwxgGCtb0sC5+n0iI5HWkyiwnRExI/3bm4l/ed3UhFU/4zJJDZN0sShMBTQxnL0NB1wxasTEEkIVt7dCOiKKUGPDKdgQvj6F/5OW52KbzHW5VL9YxpEHR+AYnAIMzkEdXIEGaAIKQvAAnsCzM3YenRfnddGac5Yzh+AHnLdPgxWNWA==</latexit><latexit sha1_base64="dMXOz4a4QDiu7ehkgwMawN0OGWE=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GpKh1nZXdOOyPvqAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//G9CGo6IELh3Pu5d57gkRwbRD6cHIrq2vrG/nNwtb2zu5ecf+gpeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDnz2/dMaR7LOzNJmB+RoeQhp8RY6Qbf9osl5NZqVc9DELkIe2VcsQSf1coVDLGL5iiBJRr94ntvENM0YtJQQbTuYpQYPyPKcCrYtNBLNUsIHZMh61oqScS0n80vncITqwxgGCtb0sC5+n0iI5HWkyiwnRExI/3bm4l/ed3UhFU/4zJJDZN0sShMBTQxnL0NB1wxasTEEkIVt7dCOiKKUGPDKdgQvj6F/5OW52KbzHW5VL9YxpEHR+AYnAIMzkEdXIEGaAIKQvAAnsCzM3YenRfnddGac5Yzh+AHnLdPgxWNWA==</latexit>

2S
<latexit sha1_base64="XBtiqVU0uSbhXdbcKzgMPYmlf6o=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GpKh1nZXdOOyPvqAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//G9CGo6IELh3Pu5d57gkRwbRD6cHIrq2vrG/nNwtb2zu5ecf+gpeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDnz2/dMaR7LOzNJmB+RoeQhp8RY6ca77RdLyK3Vqp6HIHIR9sq4Ygk+q5UrGGIXzVECSzT6xffeIKZpxKShgmjdxSgxfkaU4VSwaaGXapYQOiZD1rVUkohpP5tfOoUnVhnAMFa2pIFz9ftERiKtJ1FgOyNiRvq3NxP/8rqpCat+xmWSGibpYlGYCmhiOHsbDrhi1IiJJYQqbm+FdEQUocaGU7AhfH0K/yctz8U2metyqX6xjCMPjsAxOAUYnIM6uAIN0AQUhOABPIFnZ+w8Oi/O66I15yxnDsEPOG+fhJqNWQ==</latexit><latexit sha1_base64="XBtiqVU0uSbhXdbcKzgMPYmlf6o=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GpKh1nZXdOOyPvqAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//G9CGo6IELh3Pu5d57gkRwbRD6cHIrq2vrG/nNwtb2zu5ecf+gpeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDnz2/dMaR7LOzNJmB+RoeQhp8RY6ca77RdLyK3Vqp6HIHIR9sq4Ygk+q5UrGGIXzVECSzT6xffeIKZpxKShgmjdxSgxfkaU4VSwaaGXapYQOiZD1rVUkohpP5tfOoUnVhnAMFa2pIFz9ftERiKtJ1FgOyNiRvq3NxP/8rqpCat+xmWSGibpYlGYCmhiOHsbDrhi1IiJJYQqbm+FdEQUocaGU7AhfH0K/yctz8U2metyqX6xjCMPjsAxOAUYnIM6uAIN0AQUhOABPIFnZ+w8Oi/O66I15yxnDsEPOG+fhJqNWQ==</latexit><latexit sha1_base64="XBtiqVU0uSbhXdbcKzgMPYmlf6o=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GpKh1nZXdOOyPvqAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//G9CGo6IELh3Pu5d57gkRwbRD6cHIrq2vrG/nNwtb2zu5ecf+gpeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDnz2/dMaR7LOzNJmB+RoeQhp8RY6ca77RdLyK3Vqp6HIHIR9sq4Ygk+q5UrGGIXzVECSzT6xffeIKZpxKShgmjdxSgxfkaU4VSwaaGXapYQOiZD1rVUkohpP5tfOoUnVhnAMFa2pIFz9ftERiKtJ1FgOyNiRvq3NxP/8rqpCat+xmWSGibpYlGYCmhiOHsbDrhi1IiJJYQqbm+FdEQUocaGU7AhfH0K/yctz8U2metyqX6xjCMPjsAxOAUYnIM6uAIN0AQUhOABPIFnZ+w8Oi/O66I15yxnDsEPOG+fhJqNWQ==</latexit><latexit sha1_base64="XBtiqVU0uSbhXdbcKzgMPYmlf6o=">AAAB6XicdVDLSgMxFM3UV62vqks3wSK4GpKh1nZXdOOyPvqAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//G9CGo6IELh3Pu5d57gkRwbRD6cHIrq2vrG/nNwtb2zu5ecf+gpeNUUdaksYhVJyCaCS5Z03AjWCdRjESBYO1gfDnz2/dMaR7LOzNJmB+RoeQhp8RY6ca77RdLyK3Vqp6HIHIR9sq4Ygk+q5UrGGIXzVECSzT6xffeIKZpxKShgmjdxSgxfkaU4VSwaaGXapYQOiZD1rVUkohpP5tfOoUnVhnAMFa2pIFz9ftERiKtJ1FgOyNiRvq3NxP/8rqpCat+xmWSGibpYlGYCmhiOHsbDrhi1IiJJYQqbm+FdEQUocaGU7AhfH0K/yctz8U2metyqX6xjCMPjsAxOAUYnIM6uAIN0AQUhOABPIFnZ+w8Oi/O66I15yxnDsEPOG+fhJqNWQ==</latexit>

h ! SS
<latexit sha1_base64="TPBLNjf4x7RJWh4UhmheynaSsPA=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsy0BV0W3bis1D6gHUomTdvQTGZI7ghl6Ee4caGIW7/HnX9j+gK1HggczrmX3HOCWAqDrvvlZDY2t7Z3sru5vf2Dw6P88UnTRIlmvMEiGel2QA2XQvEGCpS8HWtOw0DyVjC+nfmtR66NiNQDTmLuh3SoxEAwilZqjboYkXq9ly+4RXcOYkm5XCmVibdSVqQAS9R6+c9uP2JJyBUySY3peG6Mfko1Cib5NNdNDI8pG9Mh71iqaMiNn87PnZILq/TJINL2KSRz9edGSkNjJmFgJ0OKI/PXm4n/eZ0EB9d+KlScIFds8dEgkcRmnGUnfaE5QzmxhDIt7K2EjaimDG1DOVvCWuR10iwVPbfo3VcK1ZtlHVk4g3O4BA+uoAp3UIMGMBjDE7zAqxM7z86b874YzTjLnVP4BefjG9pIjz0=</latexit><latexit sha1_base64="TPBLNjf4x7RJWh4UhmheynaSsPA=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsy0BV0W3bis1D6gHUomTdvQTGZI7ghl6Ee4caGIW7/HnX9j+gK1HggczrmX3HOCWAqDrvvlZDY2t7Z3sru5vf2Dw6P88UnTRIlmvMEiGel2QA2XQvEGCpS8HWtOw0DyVjC+nfmtR66NiNQDTmLuh3SoxEAwilZqjboYkXq9ly+4RXcOYkm5XCmVibdSVqQAS9R6+c9uP2JJyBUySY3peG6Mfko1Cib5NNdNDI8pG9Mh71iqaMiNn87PnZILq/TJINL2KSRz9edGSkNjJmFgJ0OKI/PXm4n/eZ0EB9d+KlScIFds8dEgkcRmnGUnfaE5QzmxhDIt7K2EjaimDG1DOVvCWuR10iwVPbfo3VcK1ZtlHVk4g3O4BA+uoAp3UIMGMBjDE7zAqxM7z86b874YzTjLnVP4BefjG9pIjz0=</latexit><latexit sha1_base64="TPBLNjf4x7RJWh4UhmheynaSsPA=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsy0BV0W3bis1D6gHUomTdvQTGZI7ghl6Ee4caGIW7/HnX9j+gK1HggczrmX3HOCWAqDrvvlZDY2t7Z3sru5vf2Dw6P88UnTRIlmvMEiGel2QA2XQvEGCpS8HWtOw0DyVjC+nfmtR66NiNQDTmLuh3SoxEAwilZqjboYkXq9ly+4RXcOYkm5XCmVibdSVqQAS9R6+c9uP2JJyBUySY3peG6Mfko1Cib5NNdNDI8pG9Mh71iqaMiNn87PnZILq/TJINL2KSRz9edGSkNjJmFgJ0OKI/PXm4n/eZ0EB9d+KlScIFds8dEgkcRmnGUnfaE5QzmxhDIt7K2EjaimDG1DOVvCWuR10iwVPbfo3VcK1ZtlHVk4g3O4BA+uoAp3UIMGMBjDE7zAqxM7z86b874YzTjLnVP4BefjG9pIjz0=</latexit><latexit sha1_base64="TPBLNjf4x7RJWh4UhmheynaSsPA=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsy0BV0W3bis1D6gHUomTdvQTGZI7ghl6Ee4caGIW7/HnX9j+gK1HggczrmX3HOCWAqDrvvlZDY2t7Z3sru5vf2Dw6P88UnTRIlmvMEiGel2QA2XQvEGCpS8HWtOw0DyVjC+nfmtR66NiNQDTmLuh3SoxEAwilZqjboYkXq9ly+4RXcOYkm5XCmVibdSVqQAS9R6+c9uP2JJyBUySY3peG6Mfko1Cib5NNdNDI8pG9Mh71iqaMiNn87PnZILq/TJINL2KSRz9edGSkNjJmFgJ0OKI/PXm4n/eZ0EB9d+KlScIFds8dEgkcRmnGUnfaE5QzmxhDIt7K2EjaimDG1DOVvCWuR10iwVPbfo3VcK1ZtlHVk4g3O4BA+uoAp3UIMGMBjDE7zAqxM7z86b874YzTjLnVP4BefjG9pIjz0=</latexit>

<latexit sha1_base64="TPBLNjf4x7RJWh4UhmheynaSsPA=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsy0BV0W3bis1D6gHUomTdvQTGZI7ghl6Ee4caGIW7/HnX9j+gK1HggczrmX3HOCWAqDrvvlZDY2t7Z3sru5vf2Dw6P88UnTRIlmvMEiGel2QA2XQvEGCpS8HWtOw0DyVjC+nfmtR66NiNQDTmLuh3SoxEAwilZqjboYkXq9ly+4RXcOYkm5XCmVibdSVqQAS9R6+c9uP2JJyBUySY3peG6Mfko1Cib5NNdNDI8pG9Mh71iqaMiNn87PnZILq/TJINL2KSRz9edGSkNjJmFgJ0OKI/PXm4n/eZ0EB9d+KlScIFds8dEgkcRmnGUnfaE5QzmxhDIt7K2EjaimDG1DOVvCWuR10iwVPbfo3VcK1ZtlHVk4g3O4BA+uoAp3UIMGMBjDE7zAqxM7z86b874YzTjLnVP4BefjG9pIjz0=</latexit><latexit sha1_base64="TPBLNjf4x7RJWh4UhmheynaSsPA=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsy0BV0W3bis1D6gHUomTdvQTGZI7ghl6Ee4caGIW7/HnX9j+gK1HggczrmX3HOCWAqDrvvlZDY2t7Z3sru5vf2Dw6P88UnTRIlmvMEiGel2QA2XQvEGCpS8HWtOw0DyVjC+nfmtR66NiNQDTmLuh3SoxEAwilZqjboYkXq9ly+4RXcOYkm5XCmVibdSVqQAS9R6+c9uP2JJyBUySY3peG6Mfko1Cib5NNdNDI8pG9Mh71iqaMiNn87PnZILq/TJINL2KSRz9edGSkNjJmFgJ0OKI/PXm4n/eZ0EB9d+KlScIFds8dEgkcRmnGUnfaE5QzmxhDIt7K2EjaimDG1DOVvCWuR10iwVPbfo3VcK1ZtlHVk4g3O4BA+uoAp3UIMGMBjDE7zAqxM7z86b874YzTjLnVP4BefjG9pIjz0=</latexit><latexit sha1_base64="TPBLNjf4x7RJWh4UhmheynaSsPA=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsy0BV0W3bis1D6gHUomTdvQTGZI7ghl6Ee4caGIW7/HnX9j+gK1HggczrmX3HOCWAqDrvvlZDY2t7Z3sru5vf2Dw6P88UnTRIlmvMEiGel2QA2XQvEGCpS8HWtOw0DyVjC+nfmtR66NiNQDTmLuh3SoxEAwilZqjboYkXq9ly+4RXcOYkm5XCmVibdSVqQAS9R6+c9uP2JJyBUySY3peG6Mfko1Cib5NNdNDI8pG9Mh71iqaMiNn87PnZILq/TJINL2KSRz9edGSkNjJmFgJ0OKI/PXm4n/eZ0EB9d+KlScIFds8dEgkcRmnGUnfaE5QzmxhDIt7K2EjaimDG1DOVvCWuR10iwVPbfo3VcK1ZtlHVk4g3O4BA+uoAp3UIMGMBjDE7zAqxM7z86b874YzTjLnVP4BefjG9pIjz0=</latexit>

S ! K+K�
<latexit sha1_base64="bAH4+T/eByJWgEN9zU/mjBCLwxo=">AAAB8nicbVDLSgMxFM3UV62vqks3wSIIYpkRQZdFN0I3Fe0DptOSSdM2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGce8k9J4wFN+C6305uZXVtfSO/Wdja3tndK+4fNIxKNGV1qoTSrZAYJrhkdeAgWCvWjEShYM1wdDv1m09MG67kI4xjFkRkIHmfUwJW8h/aoHC1c1btnHeLJbfszoCXiZeREspQ6xa/2j1Fk4hJoIIY43tuDEFKNHAq2KTQTgyLCR2RAfMtlSRiJkhnJ0/wiVV6uK+0fRLwTP29kZLImHEU2smIwNAselPxP89PoH8dpFzGCTBJ5x/1E4Ftzml+3OOaURBjSwjV3N6K6ZBoQsG2VLAleIuRl0njouy5Ze/+slS5yerIoyN0jE6Rh65QBd2hGqojihR6Rq/ozQHnxXl3PuajOSfbOUR/4Hz+AMuskEQ=</latexit><latexit sha1_base64="bAH4+T/eByJWgEN9zU/mjBCLwxo=">AAAB8nicbVDLSgMxFM3UV62vqks3wSIIYpkRQZdFN0I3Fe0DptOSSdM2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGce8k9J4wFN+C6305uZXVtfSO/Wdja3tndK+4fNIxKNGV1qoTSrZAYJrhkdeAgWCvWjEShYM1wdDv1m09MG67kI4xjFkRkIHmfUwJW8h/aoHC1c1btnHeLJbfszoCXiZeREspQ6xa/2j1Fk4hJoIIY43tuDEFKNHAq2KTQTgyLCR2RAfMtlSRiJkhnJ0/wiVV6uK+0fRLwTP29kZLImHEU2smIwNAselPxP89PoH8dpFzGCTBJ5x/1E4Ftzml+3OOaURBjSwjV3N6K6ZBoQsG2VLAleIuRl0njouy5Ze/+slS5yerIoyN0jE6Rh65QBd2hGqojihR6Rq/ozQHnxXl3PuajOSfbOUR/4Hz+AMuskEQ=</latexit><latexit sha1_base64="bAH4+T/eByJWgEN9zU/mjBCLwxo=">AAAB8nicbVDLSgMxFM3UV62vqks3wSIIYpkRQZdFN0I3Fe0DptOSSdM2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGce8k9J4wFN+C6305uZXVtfSO/Wdja3tndK+4fNIxKNGV1qoTSrZAYJrhkdeAgWCvWjEShYM1wdDv1m09MG67kI4xjFkRkIHmfUwJW8h/aoHC1c1btnHeLJbfszoCXiZeREspQ6xa/2j1Fk4hJoIIY43tuDEFKNHAq2KTQTgyLCR2RAfMtlSRiJkhnJ0/wiVV6uK+0fRLwTP29kZLImHEU2smIwNAselPxP89PoH8dpFzGCTBJ5x/1E4Ftzml+3OOaURBjSwjV3N6K6ZBoQsG2VLAleIuRl0njouy5Ze/+slS5yerIoyN0jE6Rh65QBd2hGqojihR6Rq/ozQHnxXl3PuajOSfbOUR/4Hz+AMuskEQ=</latexit><latexit sha1_base64="bAH4+T/eByJWgEN9zU/mjBCLwxo=">AAAB8nicbVDLSgMxFM3UV62vqks3wSIIYpkRQZdFN0I3Fe0DptOSSdM2NJMMyR2hDP0MNy4UcevXuPNvTNtZaOuBwOGce8k9J4wFN+C6305uZXVtfSO/Wdja3tndK+4fNIxKNGV1qoTSrZAYJrhkdeAgWCvWjEShYM1wdDv1m09MG67kI4xjFkRkIHmfUwJW8h/aoHC1c1btnHeLJbfszoCXiZeREspQ6xa/2j1Fk4hJoIIY43tuDEFKNHAq2KTQTgyLCR2RAfMtlSRiJkhnJ0/wiVV6uK+0fRLwTP29kZLImHEU2smIwNAselPxP89PoH8dpFzGCTBJ5x/1E4Ftzml+3OOaURBjSwjV3N6K6ZBoQsG2VLAleIuRl0njouy5Ze/+slS5yerIoyN0jE6Rh65QBd2hGqojihR6Rq/ozQHnxXl3PuajOSfbOUR/4Hz+AMuskEQ=</latexit>

� = 10�3, mS = 1.2GeV
<latexit sha1_base64="VmdxsvGjMgcl8ARdVHZZKDGCkmw=">AAACDXicbVDLSgMxFM3UV62vqks3wSq4qGWmCropFF3osqJ9QKeWTCbThiaZIckIZZgfcOOvuHGhiFv37vwb08dCWw8EDuecy809XsSo0rb9bWUWFpeWV7KrubX1jc2t/PZOQ4WxxKSOQxbKlocUYVSQuqaakVYkCeIeI01vcDnymw9EKhqKOz2MSIejnqABxUgbqZs/cJkJ+6ji2PfJ8UladIu8e1txSmW3mLiSwyvSSLv5gl2yx4DzxJmSApii1s1/uX6IY06Exgwp1XbsSHcSJDXFjKQ5N1YkQniAeqRtqECcqE4yviaFh0bxYRBK84SGY/X3RIK4UkPumSRHuq9mvZH4n9eOdXDeSaiIYk0EniwKYgZ1CEfVQJ9KgjUbGoKwpOavEPeRRFibAnOmBGf25HnSKJccw29OC9WLaR1ZsAf2wRFwwBmogmtQA3WAwSN4Bq/gzXqyXqx362MSzVjTmV3wB9bnDwyVmaI=</latexit><latexit sha1_base64="VmdxsvGjMgcl8ARdVHZZKDGCkmw=">AAACDXicbVDLSgMxFM3UV62vqks3wSq4qGWmCropFF3osqJ9QKeWTCbThiaZIckIZZgfcOOvuHGhiFv37vwb08dCWw8EDuecy809XsSo0rb9bWUWFpeWV7KrubX1jc2t/PZOQ4WxxKSOQxbKlocUYVSQuqaakVYkCeIeI01vcDnymw9EKhqKOz2MSIejnqABxUgbqZs/cJkJ+6ji2PfJ8UladIu8e1txSmW3mLiSwyvSSLv5gl2yx4DzxJmSApii1s1/uX6IY06Exgwp1XbsSHcSJDXFjKQ5N1YkQniAeqRtqECcqE4yviaFh0bxYRBK84SGY/X3RIK4UkPumSRHuq9mvZH4n9eOdXDeSaiIYk0EniwKYgZ1CEfVQJ9KgjUbGoKwpOavEPeRRFibAnOmBGf25HnSKJccw29OC9WLaR1ZsAf2wRFwwBmogmtQA3WAwSN4Bq/gzXqyXqx362MSzVjTmV3wB9bnDwyVmaI=</latexit><latexit sha1_base64="VmdxsvGjMgcl8ARdVHZZKDGCkmw=">AAACDXicbVDLSgMxFM3UV62vqks3wSq4qGWmCropFF3osqJ9QKeWTCbThiaZIckIZZgfcOOvuHGhiFv37vwb08dCWw8EDuecy809XsSo0rb9bWUWFpeWV7KrubX1jc2t/PZOQ4WxxKSOQxbKlocUYVSQuqaakVYkCeIeI01vcDnymw9EKhqKOz2MSIejnqABxUgbqZs/cJkJ+6ji2PfJ8UladIu8e1txSmW3mLiSwyvSSLv5gl2yx4DzxJmSApii1s1/uX6IY06Exgwp1XbsSHcSJDXFjKQ5N1YkQniAeqRtqECcqE4yviaFh0bxYRBK84SGY/X3RIK4UkPumSRHuq9mvZH4n9eOdXDeSaiIYk0EniwKYgZ1CEfVQJ9KgjUbGoKwpOavEPeRRFibAnOmBGf25HnSKJccw29OC9WLaR1ZsAf2wRFwwBmogmtQA3WAwSN4Bq/gzXqyXqx362MSzVjTmV3wB9bnDwyVmaI=</latexit><latexit sha1_base64="VmdxsvGjMgcl8ARdVHZZKDGCkmw=">AAACDXicbVDLSgMxFM3UV62vqks3wSq4qGWmCropFF3osqJ9QKeWTCbThiaZIckIZZgfcOOvuHGhiFv37vwb08dCWw8EDuecy809XsSo0rb9bWUWFpeWV7KrubX1jc2t/PZOQ4WxxKSOQxbKlocUYVSQuqaakVYkCeIeI01vcDnymw9EKhqKOz2MSIejnqABxUgbqZs/cJkJ+6ji2PfJ8UladIu8e1txSmW3mLiSwyvSSLv5gl2yx4DzxJmSApii1s1/uX6IY06Exgwp1XbsSHcSJDXFjKQ5N1YkQniAeqRtqECcqE4yviaFh0bxYRBK84SGY/X3RIK4UkPumSRHuq9mvZH4n9eOdXDeSaiIYk0EniwKYgZ1CEfVQJ9KgjUbGoKwpOavEPeRRFibAnOmBGf25HnSKJccw29OC9WLaR1ZsAf2wRFwwBmogmtQA3WAwSN4Bq/gzXqyXqx362MSzVjTmV3wB9bnDwyVmaI=</latexit>

very^2 preliminary: with 15/fb of data, probe the 2S cross ~ 2 fb
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SM                            Twin
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Low pt requirement

Good for high multiplicity decay from a light mediator

q q̄

Z 0 dark shower

2 < ⌘ < 5 at LHCb

For a 500 GeV  Z’  decaying into 30 mesons, average meson pT ~ 10 GeV 

For 500 GeV Z’, geometrical acceptance ~ 30% of ATLAS/CMS



Quark-combination model +
Longitudinal Phase Space Approximation

See the discussion in Han, Si, Zurek, Strassler (07’)

q q̄

q q̄

q q̄

q q̄
q q̄

Assume the mesons have a uniform rapidity distribution
along the original qqbar   =>  gives longitudinal momentum

For transverse momentum, Prob /
Y

i

exp(�p2Ti/�̄
2
)�(

X
~pTi)

pT

pz



Energy spectrum from different  S/H  schemes

M = 500GeV

hNvi = 20

m⇡v = 1GeV

Pythia8+RG

LPSA
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Multiplicity from different  S/H  schemes

 Cannot predict the multiplicity


