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» Pitch @ Vista '25 meeting
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Why: irect observation?
e Global fits will be the first (only!)

place to recognize new physics.

e  Global fits required to e Jo * QGuides selection of most relevant
° et full icturcé measurements & models to
= & pursue

e Don’t leave it to others to draw conclusions from our measurements.

e Strength: present in many relevant experiments, can influence measurements strategy / delivery, have
early access; theory/experiment/statistics expertise ‘in house’

leuwegein

» \Weakness: not (currently) member of one of the existing 'global combination’ projects

e Opportunity: synergy across Nikhef programs, informs future strategy, future combinations will increase
complexity, playing into our strengths

e Threat: many x small fraction of FTE = 0 impact
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GLOBAL (BEYOND) STANDARD MODEL ANALYSES

iy Beyond the Standard Model

After Higgs - fundamentally new challenges !

VHiggs — VO _ M2¢T¢

e

Large energy in vacuum:
Cosmological constant?

Large quantum corrections
Origin of Dark Matter?

M(o1g)” + [YYyg

\

Higgs self coupling:
Is our universum stable?

N
o
N
Q.
©
v
=
D
>
O
O
=
Z

EI—

» Stan Bentvelsen

h.c.}

Higgs mass for particles:

Difference matter-anti-matter?
Mass of neutrino’s?

Strategy 1. High precision measurements - signal deviations Standard Model
Nikhef 2. Higher energies - produce new heavier particles
— 3. Astroparticle physics - observe (new) particles from universe



GLOBAL (BEYOND) STANDARD MODEL ANALYSES

DIFFERENTIAL DIAGNOSIS

vv

» Differential diagnosis is
the initial set of possible
diagnoses prior to
settling on a series of
tests for a definitive
diagnosis.

» In the differential, all
diseases that cause the
symptoms seen in the
patient are considered.



https://www.mayoclinic.org/diseases-conditions/lupus/symptoms-causes/syc-20365789
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Tensions in flavor physics?

Niels Tuning

12 Dec 2015
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The measurements: R(D*) The measurements: Ry

e See previous talk by Greg! e More lepton-flavor universality violation?

R(D*) = B(B® - D*r1,)/B(B" - D", Ry — LB oK )
K = T(BT=KTete)

BaBar .
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arXiv:1506.08614

Average
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SM prediction
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The measurements: Ps’ The measurements: Ps" and more!

e More deviations in flavor-changing neutral current? e More deviations in flavor-changing neutral current?

> All decay rates are below predictions...
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The measurements: R(D*) The measurements: Ry

e See previous talk by Greg! e More lepton-flavor universality violation?

Effective couplings

o Effective coupling can be of various “kinds”

— Vector coupling: Cq

arXiv:1506.08614

Axial coupling: Cio
Left-handed coupling (V-A): C,-Cy,
Right-handed (to quarks): C.’, C.,’, ...

From Buras & Fleischer, hep-ph/9704376 L

At this stage it should be mentioned that the usual Feynman diagram drawings of + ]
the type shown in fig. 11 containing full W-propagators, Z°—propagators and top-quark [,L ]

propagators represent really the happening at scales O(Myy) whereas the true picture of

1 1 1
a decaying hadron is more correctly described by the local operators in question. Thus, 10 15 20

whereas a't Sv:”ill.CS (.’)(J[\?') we hav‘e to flcal \Tv'ith ‘thlo full .s'i‘rx-(plarl‘t th'cory Coutz}ivuing tl‘lC € th e ZLI/.M e pl' C tu I/. e 0 f a d e C ay Z' n g h a d I/. 0 n l' S m 0 ’/. e g [GCVZ/C“]

photon, weak gauge bosons and gluons, at scales O(1GeV) the relevant effective theory

T T L=
. . . . arXiv:1503.07138 A ’>App 3
contains only three light quarks u, d and s, gluons and the photon. At intermediate energy E

scales 1 = O(my) and 1 = O(m,) relevant for beauty and charm decays, effective five-quark COrrectly descrl b ed by th e lO Cal Op era tO rS

and effective four-quark theories have to be considered, respectively.

=.

<06
T04
%02

S = N W
TITT T ITooT

1 I 1 1 1
1 5 15 20
C[2 [GeVZ/ C 4] @ [GeVZ/cY GeVZ/c“]

dB(B!—¢pm)ldg

q* [GeV¥/ ¢4
7



https://indico.nikhef.nl/event/60/session/2/contribution/20/material/slides/0.pdf
https://indico.nikhef.nl/event/60/session/2/contribution/20/material/slides/0.pdf
https://indico.nikhef.nl/event/60/session/2/contribution/20/material/slides/0.pdf
https://indico.nikhef.nl/event/60/session/2/contribution/20/material/slides/0.pdf
https://indico.nikhef.nl/event/60/session/2/contribution/20/material/slides/0.pdf

The measurements: R(D*) The measurements: Ry

e See previous talk by Greg! e More lepton-flavor universality violation?

Effective couplings

o Effective coupling can be of various “kinds”

— Vector coupling: Cq

arXiv:1506.08614

Axial coupling: Cio
Left-handed coupling (V-A): C,-Cy,
Right-handed (to quarks): C.’, C.,’, ...

From Buras & Fleischer, hep-ph/9704376 L

At this stage it should be mentioned that the usual Feynman diagram drawings of + ]
the type shown in fig. 11 containing full W-propagators, Z°—propagators and top-quark [,L ]

propagators represent really the happening at scales O(Myy) whereas the true picture of

1 1 1
a decaying hadron is more correctly described by the local operators in question. Thus, 10 15 20

whereas a't Sv:”ill.CS (.’)(J[\?') we hav‘e to flcal \Tv'ith ‘thlo full .s'i‘rx-(plarl‘t th'cory Coutz}ivuing tl‘lC € th e ZLI/.M e pl' C tu I/. e 0 f a d e C ay Z' n g h a d I/. 0 n l' S m 0 ’/. e g [GCVZ/C“]

photon, weak gauge bosons and gluons, at scales O(1GeV) the relevant effective theory

T T L=
. . . . arXiv:1503.07138 A ’>App 3
contains only three light quarks u, d and s, gluons and the photon. At intermediate energy E

scales 1 = O(my) and 1 = O(m,) relevant for beauty and charm decays, effective five-quark COrrectly descrl b ed by th e lO Cal Op era tO rS

and effective four-quark theories have to be considered, respectively.

=.

<06
T04
%02

S = N W
TITT T ITooT

1 I 1 1 1
1 5 15 20
C[2 [GeVZ/ C 4] @ [GeVZ/cY GeVZ/c“]

dB(B!—¢pm)ldg

q* [GeV¥/ ¢4
7



https://indico.nikhef.nl/event/60/session/2/contribution/20/material/slides/0.pdf
https://indico.nikhef.nl/event/60/session/2/contribution/20/material/slides/0.pdf
https://indico.nikhef.nl/event/60/session/2/contribution/20/material/slides/0.pdf
https://indico.nikhef.nl/event/60/session/2/contribution/20/material/slides/0.pdf
https://indico.nikhef.nl/event/60/session/2/contribution/20/material/slides/0.pdf

« Data
13 TeV, 32" B tt
[T DY + jets
[ 1 Diboson
[ Fake lepton
B Single top
LQ 1.1 TeV

¢ Data

Vs = 13 TeV, 36.1 fb! L1247

B Top Quarks

[] Diboson

(] Multi-Jet & W+Jets
—Z, (3 TeV)

—Z, (4 TeV)

—Z, (5 TeV)

Dielectron Search Selection

— —h

Data / Bkg
Data / Bkg

Data / Bkg
(post-fit)

[ X JN VEN

Data / Bkg

(post-fit)

oo

100 200 300 1000 2000
Dielectron Invariant Mass [GeV]

oo

100

ATLAS « Data
13 TeV,3.2" Bl tt
upjj, SR 1 DY + jets
" 1Diboson
I Single top
LQ 1.1 TeV

ATLAS ¢ Data

Vs =13 TeV, 36.1 fb’ ] ziv

Dimuon Search Selection [} Top Quarks
[ ] Diboson
— Z, (3 TeV)
— Z, (4 TeV)
— Z, (5TeV)

200 300 1000 2000
Dimuon Invariant Mass [GeV]



http://iopscience.iop.org/article/10.1088/1367-2630/18/9/093016
http://iopscience.iop.org/article/10.1088/1367-2630/18/9/093016
https://link.springer.com/content/pdf/10.1007/JHEP10(2017)182.pdf
https://link.springer.com/content/pdf/10.1007/JHEP10(2017)182.pdf
https://link.springer.com/content/pdf/10.1007/JHEP10(2017)182.pdf

A Dilepton invariant mass tables

This appendix provides the exact bin edges and contents of the dilepton invariant mass
plots presented in figures 1la, 1b, 3a, and 3b. These correspond to tables 8, 9, 10, and 11,
respectively. Even more detailed information can be found in the Durham HEP database.?

Lower edge [GeV] Upper edge [GeV] Data [N] Total Background [N] 1169.6

80 1176847 1112000 1250.7
85.549 6608874 6322000 1337.5
91.482 3928394 3756000 1430.2
97.828 432217 414400 1529.4
104.61 162962 156100 1635.5
111.87 93773 90620 1749
119.63 63446 62270 1870.3
127.93 47190 46740 2000
136.8 36539 36090 2138.7
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167.28 19689 19550 2615.3
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204.56 11337 11460 3198.1
218.75 9358 9499 34920
233.92 7877 7868 3657.2
250.15 6434 6570 3910.8
267.5 5500 5427 4182.1
286.05 4445 4477 4472.1
305.89 3648 3667 4782.3
327.11 2981 2995 5114
349.79 2431 2403 5468.7
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400 1606 1565 6253.7
427.74 1231 1265
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ASSUMPTIONS (CAN BE) REVISITED RECAST

Extending the Impact of Existing Analyses

» Experiments (start to) publish
more than jUSt the reSUItS Kyle Cranmer and Itay Yavin

Center for Cosmology and Particle Physics, Department of Physics, New York
University, New York, NY 10003

» And one can build on top of SUSY-AI Online e A S et

SUSY-AI VErsion 1.1.5 Learning

[arXiv:1605.02797)
t h e S e re S u I tS Sl b Ll Direct parameter input

Slide the parameters to the requested values or click 'set value' to set a variable manually. Prediction can only be performed if all parameters have been
set. More information about the parameters (what they are and where they can be found in .slha files) can be found here.

® ot -154 GeV -185 GeV M3 227 GeV 149 GeV
nd Investigate more complex
tool that is able to provide in a 134 GeV 118 GeV 194 GeV 256 GeV
fraction of a second the

exclusion of a pMSSM 161 GeV 286 GeV 319 GeV 212 GeV

(sub)model point. This website
188 GeV -122 GeV Ab 33 GeV -30 GeV

I I I O d e I S provides a simple online
® 06 o interface for quick determination 231 Gov < 7005 Gav? !an(bem) 5

of exclusion of a model point
using the results of ATLAS Run-I
(8TeV) and ATLAS Run-I|
(13TeV). The papers associated
with this data can be found

The full version of SUSY-Al is .

faster and can provide predicions S -
for multiple modelpoints at the

same time. It is under continuing n Direct parameter input (15:23:08)

active development and can be

downloaded from the hepforge 8 TeV M_1

project page. Classification Excluded

- s
Download SUSY-AI Prediction 0.0522
Confidence 0.9818

mQ3

If you use SUSY-AI in your
scientific work, don't forget to cite
us.

Classification Excluded Ab
Prediction 0.0690

Confidence 0.9760 tan(beta)
More about SUSY-AI Online
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ZFITTER

The Fortran Package ZFITTER

HOME Home /

REFERENCES The Fortran Package ZFITTER

DOWNLOAD
The homepage of the ZFITTER project and collaboration is http://sanc.jinr.ru/users/zfitter/
ZFITTER is a Fortran package for the evaluation of radiative corrections (quantum corrections), as predicted in the Standard
Model of elementary particles, to a variety of observable quantities, notably those related to the Z-boson resonance peak
studied at LEP, CERN. ZFITTER has been used for many experimental and phenomenological studies. The perhaps most
important applications for the elementary particle physics community may be found at the webpage of the LEP electroweak
working group LEPEWWG. The prediction of the Higgs mass, assuming the Standard Model being valid, derived from radiative
corrections to precision observables measured at LEP and other facilities, is visualized in the popular Blue Band Plot.
(see also lepewwg.web.cern.ch/LEPEWWG/plots/winter12/w12_blueband.pdf)

The precision electroweak measurements yield a mass of the Standard-Model 5 Ady,, -
Higgs boson which is lower than about 152 GeV (one-sided 95 percent i s iroci g
confidence level upper limit derived from Delta chi2 = 2.7 for the blue band, thus

including both the experimental and the theoretical uncertainty).

The plot is made with the ZFITTER package, in its latest version of 2008 with
ZFITTER v. 6.43.

It is cited in the Scientific Background on the Nobel Prize in Physics 2013: "The
BEH-Mechanism, Interactions with Short Range Forces and Scalar Particles" on
p.16

Statement of the DESY Directorate concerning the ZFITTER/Gfitter conflict (in german)

More information will be available soon.

Last update: 24 Feb 2016
DESY is not responsible for the content of external sites.

Contact | Imprint
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ZFITTER v. 6.43.

It is cited in the Scientific Background on the Nobel Prize in Physics 2013: "The
BEH-Mechanism, Interactions with Short Range Forces and Scalar Particles" on
p.16

Statement of the DESY Directorate concerning the ZFITTER/Gfitter conflict (in german)

More information will be available soon.

Last update: 24 Feb 2016
DESY is not responsible for the content of external sites.

Contact | Imprint
© 2017, Deutsches Elektronen-Synchrotron

Publications

Talks

Software

Physics Results
Standard Model
Oblique Parameters
Higgs Couplings
2HDM
Future Prospects

History

a o 0 & project-gfitter.web.cern.ch/project-gfitter/

fitter]-.J: 3 68% and 05% CL contours
1 B Mwo M_and m measurements
MwoM_. m and M_ measurements
direct M_ and m measurements

as}
E I 5M 81 with M, measurement
4k

SM 11 w o M, measurement
3.5 E28 ATLAS measurement (arXiv-1408.3827)
CMS measuremment jarXlv 1407 0558)

N3
k

2.5 =

2F
15}

1 Introduction
+ The Gfitter Group

News

Oct 2016: Version 2.2 of the Gfitter software released, supports ROOT6 and Mac OS X
Dec 2014: Version 2.0 of the Gfitter software released

Jul 2014: The SM fit in NNLO

Sep 2013: Update of SM fit with corrected R;, calculation

June 2013: Version 1.1 of the Gfitter software available
May 2013: Update on SM fits (including new top mass and updated theory prediction on Rb)
C

P

-

e Dec 2012: Gfitter figure on front-cover of European Physical Journal C!

e Nov 2012: Gfitter software available online

e Sep 2012: New Gfitter publication: The Electroweak Fit of the Standard Model after the Discovery of a

New Boson at the LHC (link to publication)
May 2012: Update on SM fits (including new W mass, new theory prediction, and recent LHC Higgs
exclusions)

e Aug 2011: Updates results of the SM fit using new Tevatron Higgs and top combination (EPS11)
e Jul 2011: New Gfitter publication (using first result from direct Higgs searches at LHC) (link to

publication)
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ZFITTER

The Fortran Package ZFITTER

HOME

REFERENCES

DOWNLOAD

zfitter.desy.de

Home /

The Fortran Package ZFITTER

The homepage of the ZFITTER project and collaboration is http://sanc.jinr.ru/users/zfitter/

ZFITTER is a Fortran package for the evaluation of radiative corrections (quantum corrections), as predicted in the Standard
Model of elementary particles, to a variety of observable quantities, notably those related to the Z-boson resonance peak
studied at LEP, CERN. ZFITTER has been used for many experimental and phenomenological studies. The perhaps most
important applications for the elementary particle physics community may be found at the webpage of the LEP electroweak
working group LEPEWWG. The prediction of the Higgs mass, assuming the Standard Model being valid, derived from radiative
corrections to precision observables measured at LEP and other facilities, is visualized in the popular Blue Band Plot.

(see also lepewwg.web.cern.ch/LEPEWWG/plots/winter12/w12_blueband.pdf)

The precision electroweak measurements yield a mass of the Standard-Model
Higgs boson which is lower than about 152 GeV (one-sided 95 percent

confidence level upper limit derived from Delta chi2 = 2.7 for the blue band, thus
including both the experimental and the theoretical uncertainty). o,
=
The plot is made with the ZFITTER package, in its latest version of 2008 with

ZFITTER v. 6.43.

It is cited in the Scientific Background on the Nobel Prize in Physics 2013: "The
BEH-Mechanism, Interactions with Short Range Forces and Scalar Particles" on

p.16

Statement of the DESY Directorate concerning the ZFITTER/Gfitter conflict (in german)

More information will be available soon.

Last update: 24 Feb 2016
DESY is not responsible for the content of external sites.
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A Generic Fitter Project for HEP Model Testing
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Oct 2016: Version 2.2 of
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o Dec 2012: Gfitter figure (
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e Sep 2012: New Gfitter p1
New Boson at the LHC (
May 2012: Update on SN\
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Aug 2011: Updates resul

e Jul 2011: New Gfitter pu
publication)
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mastercode.web.cern.ch/mastercode/ &

MaS TeRcooe

The MasterCode Project

Introduction
News
Publications
Downloads

MasterCode
wiki (private)

Introduction

The MasterCode is a computer code that allows to fit different versions of the Minimal
Supersymmetric Standard Model (MSSM) to currently existing experimental data.

Members of the MasterCode collaboration:

Emanuele Bagnaschi, Martino Borsato, Oliver Buchmiiller, Rick Cavanaugh, V. Chobanova,
Matthew Citron, Jonathan C. Costa, Albert De Roeck, Matthew Dolan, John Ellis, Henning
Flacher, Sven Heinemeyer, Gino Isidori, Miriam Lucio, F. Luo, Diego Martinez Santos, Keith
Olive, Alexander Richards, Kazuki Sakurai, Georg Weiglein

Codes incorporated into the MasterCode:

RGE running: SoftSUSY

Higgs, (g-2),: FeynHiggs

Higgs observables: HiggsBounds and HiggsSignal
B-physics: SuFla

B-physics: Superlso

EWPO: FeynWZ

Dark matter observables: Micromegas
Dark matter observables: DarkSUSY
Recast of LHC searches: Atom
Recast of LHC searches: Scorpion
SUSY decay modes: SDECAY
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ZFITTER is a Fortran package for the evaluation of radiative corrections (quantum corrections), as predicted in the Standard Talks 3.5 F-/¢ ATLAS massuwoment ariv:1408.3827)

Model of elementary particles, to a variety of observable quantities, notably those related to the Z-boson resonance peak 3 :{_ ST R S

studied at LEP, CERN. ZFITTER has been used for many experimental and phenomenological studies. The perhaps most Software 28 B
important applications for the elementary particle physics community may be found at the webpage of the LEP electroweak Physics Results 3
working group LEPEWWG. The prediction of the Higgs mass, assuming the Standard Model being valid, derived from radiative S

corrections to precision observables measured at LEP and other facilities, is visualized in the popular Blue Band Plot. Standard Model

& fitter]
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(see also lepewwg.web.cern.ch/LEPEWWG/plots/winter12/w12_blueband.pdf)

The precision electroweak measurements yield a mass of the Standard-Model i acfy, - _f' ::: Higgs Couplings
Higgs boson which is lower than about 152 GeV (one-sided 95 percent i s iroci g '
confidence level upper limit derived from Delta chi2 = 2.7 for the blue band, thus

including both the experimental and the theoretical v~ * " * *

2HDM
1 Introduction

< gambit.hepforge.org ¢ n mastercode.web.cern.ch/mastercode/ &

The plot is made with the ZFITTER package, in its I GAMBIT is hosted by Hepforge, IPPP Durham

ZFITTER v. 6.43.
It is cited in the Scientific Background on the Nobel |

A . | | HEEZRSIEECY The MasterCode Project

Results & Publications

Talks
Statement of the DESY Directorate concerning the z Collaboration

More information will be available soon. Downlgac I ntrOd U Ctl On

Source Code

Last update: 24 Feb 2016 Support
DESY is not responsible for the content of external ¢ o FAQ The MasterCode is a computer code that allows to fit different versions of the Minimal

Supersymmetric Standard Model (MSSM) to currently existing experimental data.

o Compiler matrix

o Known issues .
R Introduction Members of the MasterCode collaboration:

HELMHOLTZ o Configuration examples Emanuele Bagnaschi, Martino Borsato, Oliver Buchmiiller, Rick Cavanaugh, V. Chobanova,
News Matthew Citron, Jonathan C. Costa, Albert De Roeck, Matthew Dolan, John Ellis, Henning

Flacher, Sven Heinemeyer, Gino Isidori, Miriam Lucio, F. Luo, Diego Martinez Santos, Keith
Publications Olive, Alexander Richards, Kazuki Sakurai, Georg Weiglein

o Report issue
Mailing list
Contact
'"tem\‘;‘\'/_if"‘ges“ Downloads Codes incorporated into the MasterCode:

o IKI

o Git repos: GAMBIT M-as.ter(_iode

= gambit (dev fork) wiki (private)

= gambit_internal The Global And Modular BSM Inference Tool
= gambit_results

RGE running: SoftSUSY

Higgs, (g-2),: FeynHiggs

Higgs observables: HiggsBounds and HiggsSignal
B-physics: SuFla

B-physics: Superlso

EWPO: FeynWZ

Dark matter observables: Micromegas
Dark matter observables: DarkSUSY
Recast of LHC searches: Atom
Recast of LHC searches: Scorpion
SUSY decay modes: SDECAY

Welcome to the GAMBIT homepage. GAMBIT is a global fitting code
for generic Beyond the Standard Model theories, designed to allow
fast and easy definition of new models, observables, likelihoods,
scanners and backend physics codes.

We have released GAMBIT to the public! Please check out the
Source Code section and have fun with it!

You can read more about GAMBIT in this Physics World article.
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Peter Woit says:

May 24, 2017 at 7:00 am

Mitchell Porter,

I can see that much. What I don’t understand is what is new about this, how this is
different than previous efforts like MasterCode. What will this do that MasterCode
didn’t and why do the assumptions built into seem to be of a higher level of
complexity than MasterCode?

I guess part of what I don’t understand is that I would have expected that, as
stronger and stronger LHC bounds rule out more and more of these kinds of

models, I'd expect people to lose interest in this kind of thing, whereas instead we

seem to be seeing a larger and larger group of people working on it.

Ryan says:
May 24, 2017 at 7:20 am

Yeah and apparently these efforts are well received by the pheno community. Here
are some random tweets that popped up in my timeline:

https://twitter.com /HEPAdelaide/status/867258318770683904

https://twitter.com/SaschaCaron/status/867301364904456193

Maybe the last tweet sums up the mindset behind this kind of work: “Yes, nice to
see people moving to more complex models.”

No idea, what’s nice about “more complex models”. However, from a naive
perspective it seems to make sense that the new bounds require more effort on the
“model builder” side and thus more complex fitting codes...



http://www.math.columbia.edu/~woit/wordpress/?p=9334

Tristan du Pree
@ @Tristan_duPree
@SaschaCaron Several Gambit papers on
the arXiv today arxiv.org/list/hep-ph/new

11:03 PM - 23 May 2017 from Amsterdam, The Netherlands

Sascha Caron

@SaschaCaron
Yes, nice to see people moving to more
complex models. Interesting also that the

MSSM fit of Gambit includes our Bino-
Higgsino DM solutions
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Sascha Caron
@SaschaCaron

Yes, nice to see people moving to more
complex models. Interesting also that the

MSSM fit of Gambit includes our Bino-
Higgsino DM solutions

[3] arXiv:1711.10493 [pdf, other]

Flavoured Dark Matter Moving Left

Monika Blanke, Satrajit Das, Simon Kast
Comments: 21 pages, 11 figures
Subjects: High Energy Physics - Phenomenology (hep-ph); High Energy Physics - Experiment (hep-ex)

New submissions for Thu, 30 Nov 17

We investigate the phenomenology of a simplified model of flavoured Dark Matter (DM), with a dark fermionic flavour triplet coupling to the left-handed SU(2); quark doublets via a scalar
mediator. The DM-quark coupling matrix is assumed to constitute the only new source of flavour and CP violation, following the hypothesis of Dark Minimal Flavour Violation. We analyse the
constraints from LHC searches, from meson mixing data in the K, D, and B;; meson systems, from thermal DM freeze-out, and from direct detection experiments. Our combined analysis shows
that while the experimental constraints are similar to the DMFV models with DM coupling to right-handed quarks, the multitude of couplings between DM and the SM quark sector resulting from
the SU(2); structure implies a richer phenomenology and significantly alters the resulting impact on the viable parameter space.




GLOBAL (BEYOND) STANDARD MODEL ANALYSES

SUSY & DARK MAITER

14:00

Pakhuis De Zwijger
Standard Model Fits
Pakhuis De Zwijger

Pierre Auger Observatory

Pakhuis De Zwijger
Coffee

Pakhuis De Zwijger
Electron EDM

Pakhuis De Zwijger

Xenon

Pakhuis De Zwijger

Dark Matter connections

Pakhuis De Zwijger

13:15 - 14:30

14:30 - 14:45

14:45 - 15:25

15:25 - 15:55

15:55 - 16:25

16:25 -17:05

17:05-17:30




£
&
b
e’
N
)
—
e—
x
V
)



https://arxiv.org/pdf/1406.0083.pdf

Nik[hef

High precision electron EDM

e Measurement of electron Electric Dipole Moment in BaF

— Use internal electric field in cold polar molecules to enhance by ~10°
— Decelerator in Groningen developed

— Reach sensitivity in 2022
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ATLAS Search for dark matter produced in association
fs=13TeV, 36.1 fo" with bottom or top quarks in Vs = 13 TeV pp
collisions with the ATLAS detector

— PandaX

— LUX ,
CRESST I The ATLAS Collaboration
XENON1T

—— SuperCDMS

— Observed
Scalar Mediator
Dirac DM
9y = 1.0, g, = 1.0

All limits at 90% CL
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R. Aaij et al.
(LHCb Collaboration)
(Received 24 December 2016; published 14 April 2017)

PHYSICAL REVIEW D 95, 071101(R) (2017)

Search for long-lived scalar particles in B* — K*y(u*pu

Cosmological constraints




Interpretation beyond signal strengths — the kK framework

e Parameters k; correspond to LO degrees of freedom

e [Example for ggF production of H>WV

Oggr = (1.06 K& + 0.07K,2 -0.07KKy) OgqefoM) 7= K221y, ASM)

o (§) - T (¥)
FH

5

N
NB: 0,,(SM) from NNLO(QCD) + NLO(EW) calculation! Woutter Verkerke, NIKHER

20



coupling constant for SM CP-even

/

COS(@)Ksm [%QHZZZ;JZ“ +gawwW, W_#]

Energy scale of coupling constant for BSM CP-even
non-SM physics

coupling constant for BSM CP-odd

mixing angle (value =0 allows for production of mixed states)
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GLOBAL (BEYOND) STANDARD MODEL ANALYSES

WHY SHOULD WE JOIN THE GAME?

Global "Across Experiment” analyses of precision
measurements, together with precision theory will be (are!)
crucial to the next phase of (discoveries in) Particle Physics.

Nikhef can and should play a key role:

» We have the necessary expertise ‘in house’: experiment,
analysis, statistics, theory

» We can influence the strategy & delivery of measurements

» But to make progress requires a dedicated effort if we aim
to make a real impact.
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» Strength: present in many relevant experiments, can influence
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» Opportunity: synergy across Nikhef programs; informs future strategy;
future combinations will increase complexity, playing into our strengths
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Flavored Dark Matter and the (Galactic Center Gamma-Ray Excess

Prateek Agrawal,! Brian Batell,? Dan Hooper,”>? and Tongyan Lin®

! Fermi National Accelerator Laboratory, Theoretical Physics Group, Batavia, IL, 60510
“Enrico Fermi Institute, University of Chicago, Chicago, IL, 60637
“Fermi National Accelerator Laboratory, Theoretical Astrophysics Group, Batavia, IL, 60510
* Department of Astronomy and Astrophysics, University of Chicago, Chicago, IL, 60637
°Kavli Institute for Cosmological Physics, University of Chicago, Chicago, IL, 60637
(Dated: April 8, 2014)

Thermal relic dark matter particles with a mass of 31-40 GeV and that dominantly annihilate
to bottom quarks have been shown to provide an excellent description of the excess gamma rays
observed from the center of the Milky Way. Flavored dark matter provides a well-motivated frame-
work in which the dark matter can dominantly couple to bottom quarks in a flavor-sate manner. We
propose a phenomenologically viable model of bottom flavored dark matter that can account for the
spectral shape and normalization of the gamma-ray excess while naturally suppressing the elastic
scattering cross sections probed by direct detection experiments. This model will be definitively

tested with increased exposure at LUX and with data from the upcoming high-energy run of the
Large Hadron Collider (LHC).


https://arxiv.org/pdf/1404.1373.pdf

Why precision at the LHC?

TEXT

To enhance the discovery potential of new Beyond the Standard Model physics! |
¢ BSM physics could manifest as subtle deviations wrt to the Standard Model predictions
¢ Even for high-mass resonances, theory uncertainties degrade or limit many BSM searches

¢ The robustness of global stress-tests of the SM (electroweak fit, SM Effective Field Theory
analysis) relies crucially in high-precision theoretical calculations
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BSM physics might very well hiding itself in the tails of distributions

Juan Rojo N ICFA 2017 Seminar, Ottawa, 07/11/2017


https://meetings.triumf.ca/indico/event/9/session/5/contribution/20/material/slides/0.pdf

TEXT

Quantity

my [GeV]
;MW' [GGV]

My [GeV]
'y [GeV]
['(had) [GeV]
['(inv) [MeV]
L(¢te) [MeV]
Ohad [1b]

R,

Ry

R

Ry,

R,

A(OL?)

A(O T)

A(O b)

A(O ¢

fo %)

*%(A&"s))

Value

1709=1.8=x0.6
80.428 = 0.039
80.376 = 0.033

91.1876 = 0.0021
2.4952 = 0.0023
1.7444 = 0.0020

499.0x1.5

83.984 = 0.086
41.541 = 0.037
20.804 = 0.050
20.785 = 0.033
20.764 = 0.045

0.21629 = 0.00066
0.1721 = 0.0030

0.0145 = 0.0025
0.0169 = 0.0013
0.0188 = 0.0017
0.0992 = 0.0016
0.0707 = 0.0035
0.0976 = 0.0114

0.2324 = 0.0012
0.2238 = 0.0050
0.15138 = 0.00216
0.1544 = 0.0060
0.1498 = 0.0049
0.142 = 0.015
0.136 = 0.015
0.1439 = 0.0043
0.923 = 0.020
0.670 = 0.027
0.895 = 0.091
0.3010 = 0.0015

0.0308 £ 0.0011
—0.040 £ 0.015
—0.507 £+ 0.014

(-1.31£0.17)-10°7
—~72.62 +0.46

~116.4 + 3.6

(3 55*3-;}2) 103

Standard Model

171.1+ 1.9
80.375 = 0.015

91.1874 = 0.0021
2.4968 = 0.0010
1.7434 = 0.0010

501.59 = 0.08
83.988 = 0.016
41.466 = 0.009
20.758 = 0.011
20.758 = 0.011
20.803 = 0.011

0.21584 = 0.00006

0.17228 = 0.00004

0.01627 = 0.00023

0.1033 = 0.0007

0.0738 = 0.0006

0.1034 = 0.0007
0.23149 = 0.00013

0.1473 = 0.0011

0.9348 & 0.0001
0.6679 & 0.0005
0.9357 & 0.0001
0.30386 £ 0.00018
0.03001 £ 0.00003
—0.0397 £ 0.0003
—0.5064 £ 0.0001
(—1.54 £0.02)-107
—~73.16 = 0.03
—~116.76 £ 0.04

(3.19+0.08) - 1073

~9
4511.07(74) - jé 24, 2008 %9098 (10) - 10

290. 93 + 0.

91.80 = 1.76

Pull
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+ *=+ incl. low Q° data

lemlt = 160 GeV

300

- The yellow band is LEP 95% CL
exclusion (but there is more
information than just a band)

- The fit yields :

My = 77_22 GeV
- The 90% Confidence Interval :

42 GeV < My < 124 GeV

- Including LEP limit :
My <167 (155, 195) GeV

at 95 (90, 99)% CL




