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Motivation

 Dark matter should exist.
e Fail to find dark matter?

Standard
— Dark matter

Model
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Motivation

* Dark matter should exist.
* Fail to find dark matter — look for portal particles.

Have no SM charge

Standard Portal
Model particles

Dark matter

Vector portal
(dark photon)

Neutrino  Higgs Axion
portal portal portal

our focus
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Motivation

* Dark matter should exist.
* Fail to find dark matter — look for portal particles.
* Some BSM models (e.g., string theory) predict additional U(1) symmetries.
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Dark photon (X))

1 1
L=—2 XX + Em)Z(X“XM + eeXHjem

Dark photon mass

v
Kinetic mixing coupling

— Behaves like regular photon, but with coupling ee to SM fermions and is
massive.
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Logy x

Existing limits on dark photons

Jaeckel (2013) Adapted from Ferber, et al. (2022)
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Places to search for feebly coupling dark photons
« ete™ colliders
* Displaced vertex search at Belle

* Photon colliders
* Beam dump experiment at LUXE
* Bump hunt search at Gamma Factory
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Displaced vertex at Belle li
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Belle Il
« eTe™ collisionat+/s = 10.58 GeV.

Belle Il experiment

* Why Belle II? Matvienko (QUARKS-2018)
e Good statistics
KL and muon detector
e Low bac kg round Resistive Plate Counter (barrel outer layers)

Scintillator + WLSF + MPPC
(end-caps , inner 2 barrel layers)

* Algorithm suitable for finding displaced vertices

EM Calorimeter

Csl(Tl), waveform sampling electronics
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electrons (7 GeV)
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Particle Identification
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)
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Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD

positrons (4 GeV)

Central Drift Chamber

Smaller cell size, long lever arm
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Signal © X

e Y
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Production e"e™ = yX
Travels a
macroscopic distance
(invisible)
Decay X->fTf~
Displaced vertex (decay) (f =enmK)

Interaction point (production)

' Beam pipe’s wall

Detectors

/
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Sensitivity

1073

Belle Il prompt i‘
50 ab™"

1074k

\Belle Il displaced

10-°

1072 Ferber, Garcia-Cely, and
Schmidt-Hoberg (2022)
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Where to find displaced vertices?

Cross-sectional view of Belle Il
Adapted from Pestotnik (2015)

Central Drift Chamber
(CDQ)

R>60cm No tracking capability

Vertex detectors

R<o0.2cm Large prompt background
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Y conversion (main background)
y frome*e™ - yy can convertin mattery —» f*f~
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Yy conversionin
nucleus’ EM field
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Y conversion (main background)
Main background for R > 0.9 cm.

f+

Displaced vertex

Indistinguishable from a
long-lived dark photon
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Y conversion (main background)
For 0.2 cm < R < 0.9 cm, background is due to misreconstruction.

What really happens What we see
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Displaced

vertex
Y Reconstructed track

Reconstructed vertex
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Y conversion (main background)

For 0.2cm < R < 0.9 cm, we choose
0.9cm — 0.2 cm

r

misreconstruct MfC X

p ~D
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Compute y conversion cross section
v(@) +N@) - )+ )+ N@)

Suppressed
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Background estimation

Number of background events
for integrated luminosity of 50 ab~!.
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Amount of background per 0.03 GeV

S~

prompte* inR < 0.2 cm
conversione®* in0.2cm <R <0.9cm
conversione* in0.9cm <R <17 cm

conversione®* in17cm <R < 60 cm \

0.0
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Lepton pair invariance mass me+.- (GeV)

Cross-sectional view of Belle Il
Adapted from Pestotnik (2015)

17cm <R < 60cm

0:9:cmi<:Ri<A7:cm

R<0.9cm {&=
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Phase space coverage

90% C.L. region for displaced e *, u* vertex at Belle-Il (0.2 cm <R < 0.9cm)  90% C.L. region for displaced vertex at Belle-Il (0.2 cm < R < 0.9 cm) with 50 ab~!

with integrated luminosity (IL) and misreconstruction probability pM as shown. Misreconstruction probability pM as shown.
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Searches at photon colliders
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LUXE
* Proposed e™y collider at DESY, Hamburg

Bai et al. (2021)

Laser pulse
“Optical Dump”
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Adapted from
Abramowicz et al. (2019)

YaLps detector (TBD)
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Backscattering calorimeter

Shielding
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Dipole magnet 2

Shielding
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Scint. screen

y-converter

_ Compton y’s .- A—
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LUXE

* e~y collider
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Pixel tracker

Adapted from
Abramowicz et al. (2019)
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Beam dump at LUXE

e/N X

<

Producedy _ Dark photon

“‘--—>

Dump Decay volume Detector
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Gamma Factory proposed at CERN

Krasny, Muon Collider workshop, 2018

SECONDARY
PARTICLES/ ‘

_ X
v ] _l‘

4 1 < ) | Boosted photons
LASER/FEL
\ PSI )\ lon-laser collision

New collider searches for dark photons | AnhVuPhan | SEARCHES AT PHOTON COLLIDERS



Bump hunt at Gamma Factory

Krasny, Muon Collider workshop, 2018

1
PSI

"LASER/FEL
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Bump hunt at Gamma Factory

Krasny, Muon Collider workshop, 2018

Number
_ of
collimator 5 events
)4
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LASER/FEL S e -
PSI .-

e*e™ in variance mass
Adapted from image by Fermilab
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BACK-UP SLIDES

Signal
* Signal: photon + displaced e e~ pair.
At high energy,

doo+e-yx  2ma’y” (1+ cos?@ J
dcosf s sin26 | X W\/<
* Decay length -

hcEy 5
Ay = mXFX,wnh [y = §a)( my N

* Number of signal events
S = LTo'e+e__)yX(e_Tmin//1X — e_rmax//lx)_

* For Belle Il, we search inside beam pipe (i.e. ryyin =
0.1 cm, 13,4, = 0.9 cm).

Interaction
point

T'min
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BACK-UP SLIDES

Background: e™ e~ — yy, y + matter —» e™ e~

 The number of photon conversion to e e~ satisfying our cuts is

Cross section for

conversions satisfying cuts . A;tomic density
Ao | —ida
ANy ete= = No—(1 —et X)
L .\/ |
Number of Total conversion Thickness of
incident photons cross section matter layer
n,z ot
)4 /
g ~a
o
Homogeneous

layer of matter
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BACK-UP SLIDES

Background: e™ e~ — yy, y + matter —» e™ e~

* For many layers of matter, conversion probability is

dN . da do,
ete” 1 _ — —
py—>e+e — )4 — (1 —e nlalzl) 4 e"M01Z1 £ (1 —e nzazzz) + .
NO \ 0-1 J |\ J\ 0-2 )
1 1 1
Probability y Probability y Probability y
converts in layer 1 survives layer1 converts in layer 2

nl; Zl Tl3,Z3

+

/e
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Compute y conversion cross section
v(@) +N@) - )+ )+ N@)
* Amplitudes

e _
Mpy = ?EM(Q) N(@")F,(t)y,N(p) T)ﬁ;_)ff
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Compute y conversion cross section
v(@) +N@) - )+ )+ N@)

* Amplitudes
ie
Mgy = eu(q) NOYEOWN® T,
Mrcs = ]v(q )e,(q) N(p") < Tf‘}Vm) N(p) Gryniuk (2020)
myy
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Compute y conversion cross section
v(@) +N@) - )+ )+ N@)

* Amplitudes |
My = —2u(@ NGO ORND T -
Mrcs = 'f Jv(q’ )eu(q)N(p)< Tf“T”CS>N(p)
TfMTvcs <_guv + CZ] . ZT) f) Gryniuk (2020)

Compton amplitude
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Compute y conversion cross section
v(@) +N@) - )+ )+ N@)

* Amplitudes |
My = —2u(@ NGO ORND T -
Mrcs = 'f Jv(q’ )eu(q)N(p)< Tf“T”CS>N(p)
(JARES (—g“" ZI Z ) W)
Gryniuk, Hagelstein, and Imf(v) = LUVN (V)
Pascalutsa (2015) Ref(v) = —=— + an Y p [, av’ 0);12\/(1;2)

New collider searches for dark photon | AnhVuPhan | DISPLACED VERTEX AT BELLE Il



