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Analysis overview and motivations
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Using the Higgs boson to search for dark photons

The ATLAS Collaboration has been looking for signs of dark photons in data collected by the experiment
during LHC Run 2 (2015-2018). Their newest search targets, for the first time in ATLAS, the production
of a Higgs boson in association with a Z boson, with subsequent decay of the Higgs into a photon and a

dark photon.
Physics Briefing | 15 September 2022

@ Search for dark photon in ZH, H — ~~4 channel: new analysis in ATLAS, using full Run 2
@ My contributions: fit model (validation and final results), treatment of systematics and irreducible backgorund in the fit,

optimization of binning in the Signal Region

Motivations:
@ Dark Matter can be part of a Dark Sector, potentially interacting with the Standard Model Sector through portal interactions

@ Dark-photon (~4) predicted as gauge boson of a new unbroken U(1)4 group of the hypothetical Dark Sector
@ The dark-photon can interact with SM sector through higher-dimensional interactions via messenger exchange: Loop of

messenger fields can modify Higgs decay H — ~~y

—> Higgs portal: H — 4
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The Dark-Photon analysis at ATLAS

The Dark-Photon analysis:

Run Numb

D

@ Dark-photon from Higgs boson decay, in ZH
production mode

@ particles produced in pp collision at LHC
@ 74 invisible to the detector

@ total transverse momentum must balance

e search for large transverse momentum imbalance: EJ"*
o look for £74~ + v + E!,’-’iss events (£ = e, u)

e ee channel and pp channel
e eventually combined in the fit to data

E7rz7i55:_Zﬁéf_Zﬁ%_zﬁ;_zﬁ%_zﬁ#?t_zﬁ%oft
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The Dark-Photon analysis at ATLAS

The Dark-Photon analysis:

Run Mumber: s/ent Number: 25

@ Dark-photon from Higgs boson decay, in ZH
production mode

@ particles produced in pp collision at LHC
@ 74 invisible to the detector

@ total transverse momentum must balance

e search for large transverse momentum imbalance: EJ"*
o look for £74~ + v + E!,’-’iss events (£ = e, )

e ee channel and pp channel
e eventually combined in the fit to data
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The Dark-Photon analysis at ATLAS

The Dark-Photon analysis:

Signal Region (SR):
@ 76 GeV < my, < 116 GeV
o leading p% > 27 GeV, sub-leading p* > 20 GeV
o p7 > 20 GeV
@ Veto b-jet
o A¢(E¥iss, ﬁﬁh) > 2.4 rad

E™ > 60 GeV

E7rz7i55:_Zﬁéf_Zﬁ%_zﬁ;_zﬁ%_zﬁ#?t_zﬁ%oft
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Backgrounds of the analysis
Background estimation: 6 background categories
o Fake ET': from Z(— (707 )y + jets and Z(— (T47) + jets

e Fake photons from electrons e — 7: from Z(— (T {7)W(— (v)

due to jets mismeasurements or particle misidentification, Monte Carlo (MC) simulation not accurate enough
—> use data-driven estimates with data control regions

ATLAS Preliminary

@ Fake E?iss
@®c—y

VVy
@ tt, tty, single top
O Wy
(O Higgs

Vs=13TeV,L =139 fo™"

6% 1%

Matthias Vigl Statistical analysis in the search for dark photons with the ATLAS detector Supervisors: Marcello Fanti, Silvia Resconi, Federica Piazza



Backgrounds of the analysis

Background estimation: 6 background categories
o Fake ET': from Z(— (707 )y + jets and Z(— (T47) + jets
e Fake photons from electrons e — 7: from Z(— (T {7)W(— (v)

due to jets mismeasurements or particle misidentification, Monte Carlo (MC) simulation not accurate enough
—> use data-driven estimates with data control regions

° : V(W,Z) bosons decaying leptonically = MC predictions corrected with a normalization factor (kyy~) obtained from
data/MC comparison in a dedicated enriched of WZ process.

ATLAS Preliminary

@ Fake E?iss
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Backgrounds of the analysis
Background estimation: 6 background categories
o Fake ET': from Z(— (707 )y + jets and Z(— (T47) + jets

e Fake photons from electrons e — 7: from Z(— (T {7)W(— (v)

due to jets mismeasurements or particle misidentification, Monte Carlo (MC) simulation not accurate enough
—> use data-driven estimates with data control regions

° : V(W,Z) bosons decaying leptonically = MC predictions corrected with a normalization factor (kyy~) obtained from
data/MC comparison in a dedicated enriched of WZ process.

e Top: top quark production, with subsequest semi-leptonic t — W(— ¢v)b decay — pure MC
o Wy, H— Zv = pure MC

ATLAS Preliminary

@ Fake EQ.“ESS
@®c—y

VVy
@ tt, tty, single top
O Wy
(O Higgs

Vs=13TeV,L=139 fb™

6% 1%
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BDT discriminant variable

In order to increase the sensitivity of the analysis a Boosted Decision Tree (BDT) has been implemented:

@ Trained on MC samples of background + signal, with most discriminant variables as input:

Emiss 57 |_pll _
£7 MT‘ L in order of importance

E?’iss significance, mr(~, E?iss), Mee, Mgy, Py

@ The BDT score is used as discriminant variable

e Fake ET*®, e — v, , Top, H — Z~, Wy
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c = - N\ Uncertainty I % = - NN Uncertainty I
o = i W y+jets Ho Zy . - ) W y+jets Ho Zy 3
it - fs=13Tev, 139" pgey mtyissinge | C (s=13TeV, 139 gme.y e
103 E_Z (ee)+y SR VVy I fake ETSS = 103 -7 (/J/J)"'V SR VVy W fake ETm|ss —
- ZH(H Yy 40) «x=: ZH(H - vy 301 = ZH(H - yy 40) sse: ZH(H - yy 305
— lll'ZH(H—>Wd20)""ZH(H—’Wdlo)_ C ""ZH(H—>VVd20)----ZH(H—»yydlo):
s ZHH-yY 1) e ZH(H-vY 0) ] s ZHH-yy 1) seeiZH(H-yy 0) 7
102 — 102 B a
& J N\ N - < 7
NN » . ]
10 R \ . — 10 ’
= - \ A\ NS

NN =--—-—

N\

L2 NN R N N A R R R R RN 12
1 1 MR R R R RN R R R R R R R R R R R R N R R R R R ] R R R R R R R R R R R R R R R R R R R R R .
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BDT_weight BDT_weight
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Fit strategy and statistical model

Binned maximum likelihood fit on BDT score distributions with BR(H — ~74) as parameter of interest
6 background templates (one for each background category) + signal
Uncertainties included in the fit as nuisance parameters (NP) 6:

L(datalk, ) = Pois(N%®|N®P(k, 0)) x G(6:]0,1
I I J

I'EBDTb,'nS—I—CR\/\/,y JEsyst

0 k = [BRr-syyy: kvvy]
o NPP(k,0) ~ BRi_\\ NE(0) + kv NV (0) + D N¥(6)
bkg#VV~

° N-s'g/bkg = ngg/bkg 1+ 6;A;) with A; the value of the relative systematic uncertainty and n?'g/bkg the central value from MC
i B2 j y y ;

!
JEsyst
or from data-driven estimates

e G(6;]0,1): Gaussian with 4y =0and 0 =1

e Systematic uncertainties:

o Experimental: from detector resolution, inefficiencies and mismeasurements
o Theoretical: from MC samples production
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Fit strategy and statistical model

Binned maximum likelihood fit on BDT score distributions with BR(H — ~74) as parameter of interest
6 background templates (one for each background category) + signal
Uncertainties included in the fit as nuisance parameters (NP) 6:

L(datalk, ) = Pois(N%®|N®P(k, 0)) x G(6:]0,1
I I J

I'EBDTb,'nS—I—CR\/\/,y JEsyst

0 k = [BRr-syyy: kvvy]
o NPP(k,0) ~ BRi_\\ NE(0) + kv NV (0) + D N¥(6)
bkg#VV~

° N-s'g/bkg = ngg/bkg 1+ 6;A;) with A; the value of the relative systematic uncertainty and n?'g/bkg the central value from MC
i B2 j y y ;

!
JEsyst
or from data-driven estimates

e G(6;]0,1): Gaussian with 4y =0and 0 =1

e Systematic uncertainties:

o Experimental: from detector resolution, inefficiencies and mismeasurements
o Theoretical: from MC samples production

Background-only fit: Exclusion fit:
@ Binned maximum-likelihood fit on SR+CR, assuming @ Binned maximum-likelihood fit on SR+CR, with
no signal BR(H — ~~4) as POI
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Fit Validation

Two step validation on data
—> cross-check the fitting procedure in regions with low signal contamination

1) low EM= Validation region (VR):

@ same kinematics used for the SR except for £

Events

data/MC

40 GeV < EF™ < 60 GeV

Pre fit
S A A AR AR RA A NARS AR ASRRE RAR
1 E ey - tt/tﬂy@ggle Tab
L =139 fb", Vs= 13 TeV EVVW i Pal \
VR, ee+up WZH(H- yy 1 ZH{H_, yyd10
ZH(H - yy®20)--. ZH(H - yy¢30
ZHEH_. WMQ«,A SM Total ¢

HiHH T

T

iH

0 01 02 03 04 05 06 07 08 09 1

BDT weight

2) Signal Region (limited to BDT<0.5):

@ same kinematics used for the SR

Events

data/MC

EMs > 60 GeV

Pre fit
108 e IR e o .,....
I:IHH yVH - tt/t{i—y/ﬁ;ggle Tap
10° & L =139 fb", Vs= 13 TeV EVVW mFal
LowBDTSR, ee+up LZH(H- yy 1)- ZHEH—> vvdaog
. T ZH(H= yy920)-. ZH(H = yy30
10 ZH(H- yyd4 . SM Total

|_\

0

005 01 015 02 025 03 035 04 045 05
BDT weight
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Fit Validation

Two step validation on data
—> cross-check the fitting procedure in regions with low signal contamination

1) low EM= Validation region (VR): 2) Signal Region (limited to BDT<0.5):
@ same kinematics used for the SR except for £ @ same kinematics used for the SR
40 GeV < EI < 60 GeV EP™ > 60 GeV

No discrepancies =—> background is well modeled

Post-fit Post-fit
ﬂ IIIIIIIIIIIIIIIIIIIIIIlllltlfil_il\lll_ll"ll"l\AI"I T 1= ﬂ IIIIIIIIIIIIIIIIIIIIIIIllltlfll_ll\lll_li"IIIII\AIIIIIIIIIII
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10° - VR. ceri o - W owBDTSR e % gyt S Wy
TUZHHS w;m . SM Total '@ 10 TUZHHS Wg4 2 §M Total ¢
10*

O 4flll!lllllf o Lfllll;llllf
= - ] = - ]
i T TS e i —] T TS e i —]
.‘g - . g o .
1@~ e~ ] § % b | s, 2y 6 & ~ 5 G55
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Fit Validation: Z+jets shape

Two step validation on data
—> cross-check the fitting procedure in regions with low signal contamination

Z+jets shape uncertainty:

o Data/bkg discrepancies arising from Low statistics in the Z+jets sample, which is a component of the fake E/S background

—> apply Gaussian smoothing

o Add a NP ('Smooth’) to specifically address this issue: uncertainty from difference between fake £ shape from pure MC, and

shape from smoothed Z+jets

---¢-- Smoothed Zstrong+Zy

-_$_— 4(%7 Non smoothed Zstrong+Zy

10

10? L T T -----------------

0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9

1

Events

Data/Bkg

10° w ey

Vs=13TeV,L=1391p" WEWt/SingleTop = Ly
10° &= Z(up), Aprime e e Tl Bikg
10° — Smooth fake MET
10°
102

10

1
107"
1072
15

o 02 04 06 o088 1
BDT weight
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Fit Validation: ranking plots

Pre- and post-fit breakdown of systematic variations. Obtained by re-doing the fit for each systematic uncertainty by setting to
constant the corresponding nuisance parameter.

Ranking plot in VR: Ranking plot in SR (BDT < 0.5):

Pre-fit Up Pre-fit Down Pre-fit Up Pre-fit Down

. Post-fit Up . Post-fit Down

Smooth
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Impact on total background [%]
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LowSR_PSSys_FAKEMET
Y(SR3_combine)
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BDT binning optimization in SR

Goal: maximise the sensitivity to «4 signal = minimise expected exclusion limits (computed with exclusion fit)
@ using Asimov data-set: fictive data taken equal to pre-fit background estimate

Optimization strategy:
e Start from 100 bins BDT histograms
@ First bin fixed to 0 - 0.5 (BDT < 0.5 used for validation)
@ Merge the other bins, starting from highest one, until a minimum in the expected limit is reached — [0, 0.5, X

o Iterate procedure: [0, 0.5, X\ . x) 1] — [0, 0.5, 0.64, 0.77, 0.88, 0.96, 1]

min'- min’

1]

mm'

ﬂ T T 17T I T T 1T I T T 1T I T T 1T I T T 1T I T T 1T I T T 1T I T T 1T ILJI T 1T I.I TT I_ % 106
e —— N\ Uncertainty S -1
) 3 i _ L =139 fb?, Vs= 13 TeV
10 R W y+jets H- Zy = ] ) 2
Lﬁ {s =13 TeV, 139 fb?* Ee-y -ty+tt+smg| e 10° SR, ee+pup _._ZH H- yy 1 ZH{H
SR VVy i fake ET*° 4 %HEHZ Waﬁz&@ SM Total '@
ZH(H—»yyd40)llllZH(H—»WdBO)— 10
102 sei ZH(H-yy 20) ==+ ZH(H - yy 10) |
s ZH(H-yy 1) === ZH(H-yy0) 3 10°
N n 102
10 —
3 10 .
s o -1
L+ = 10
\
L s 107
10 i L:IIIIIIIIIIIIIIIIIIIIIIIIIIIII!IIIIIIIIIIIIIIIIIII:
1 2 \ 1_55_ ...................................................................... 7 444444444444444444444444444444444444444444 ///E
- 1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1; %
0.8 3 OB oo L 22222 %
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BDT_weight BDT weight
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Background-only fit to data in SR

Background-only fit in SR:
e Fit to data
o k\/\/7 =1.35+0.38

@ No excess wrt SM expectations observed

—> Exclusion limits can be set

Pre-fit

R R B A man

10° =" ATLAS Preliminary e pata I Fale E7

Vs=13 TeV, L =139 fotCIVV+y [ tt/tt+y/single t
ey |mwy

SR, ee+p i, VH ees ZH(yY )

=+- ZH(yy ) 20 GeV -~ ZH(yy) 40 GeV

444 SM total

Events

10°

104

10°

10?

= =
S 9
N -

TT

. /%/f

BDT classifier response
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10 1111111111
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Background-only fit to data in SR

Background-only fit in SR:
e Fit to data
o k\/\/7 =1.35+0.38

@ No excess wrt SM expectations observed

Most impactful systematics:

@ Z+jets shape systematic (~ 21%)
e Statistical uncertainty (~ 16%)

o Jet energy scale and resolution (~ 16%)

=—> Exclusion limits can be set

BDT bin SR 0-0.50 SR0.50-0.64 SR 0.64 -0.77 SR0.77 - 0.88 SR 0.88 - 0.96 SR 0.96 - 1
Observed 910 84 59 72 42 6
Exp. SM background 9104+-29 855+87 5994+73 697+78 416+61 73+20
Fake ErT”iSS 800 £+ 34 72.14+8.3 457 +6.5 5324+ 7.1 271.91+6.1 20+1.9
e — 21.5+24 333065 3.7540.77 6.4+1.2 57x15 1.47 £0.26
VV~ 44 + 12 53+ 1.6 5.8 + 1.7 6.4 + 1.8 57+19 3.3040.97
tt, ttry, single t 42 1+ 15 43+15 341+1.2 3.6+1.2 2.13+0.80 0.50+£0.18
W~ 3315 039+£0.18 1.1840.55 — 0.04 £0.02 —
ttH, VH 0.15+0.02 0.03+£0.01 0.044+0.01 0.06+001 0.094+0.03 0.02+0.01
Signal (ZH — vy4) 5114134 198+051 324+100 546+164 11.12+3.06 14.87 4+ 1.88
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Exclusion fit in SR:
e Fit to data, with BR(H — ~~4) as parameter of interest
@ CLs scan to derive the 95% CL upper limit
@ The exclusion limits are provided on the BR(H — 774), assuming the SM Higgs boson ZH production cross section

%3 10:—ATLAS Preliminarx — Observed
E - f—lz :i-xv L=1391b ---- Expected . " "
¥ 8 d I Expected + 1o My (H = 7Yd)eps BR(H = v7d)exp
g N Expected + 20 [GeV| [%] [%]
E s 0 2.28 2.82153
o [ 1 2.19 2714128
5 10 2.21 2731131
20 2.17 2.69"52
30 2.32 2.871432
N e e L 40 2.52 3.1175:¢8
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Conclusions

@ A search for dark photon in the process H — 774, using full Run 2 data-set, is presented (new analysis in ATLAS)
@ The fit has been validated and performed to extract final results
@ No excess is found = upper limits on the H — 74 branching ratio are set for dark photon masses up to 40 GeV

X [
é’ 10— ATLAS Preliminary — Observed
— -1
% - s=13TeV,L=1391b ---- Expected
c 8 2H H>yy " Expected + 10
m —
c — E ted +2
st wpecied =<0 BR(H — vv4) | Observed | Expected
= o
£ L CMS 4.6% 3.6%
S L ATLAS 2.3% 2.8%
Te}
> CMS: http://cds.cern.ch/record/2674966
0 1 11 1 1 I 1 | 1 1 1 1 1 | I 1 1 1 | 11 1 1 I 1 1 |

Results are public and a Paper will soon be published by the ATLAS collaboration = best limits at LHC for this search

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-064/ATLAS-CONF-2022-064.pdf
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@ Backup
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Analysis selections

Medium ID, loose isolated muons. Medium ID, loose isolated electrons

Two same flavour, opposite sign ¢, with leading pr > 27 GeV, sub-leading pr > 20 GeV

Veto of any additional lepton with Loose ID and pr > 10 GeV

76 GeV < my < 116 GeV

One Tight ID, Tight isolated photon with E} > 25 GeV

Emiss > 60 GeV with A¢(EM™, 57) > 2.4 rad

mye, > 100 GeV

Niet < 2, with p5° > 30 GeV, || < 4.5

Veto b-jet

@ AHOI (A Horrible Optimization Instrument):
e Used to optimize the selection cuts by scanning a given optimization metric (AMS)
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BDT training

@ Boosted Decision Tree (BDT):

L in order of importance

Input variables: ET' significance, mr(7, ET™5), my, mye, p7, |??’552577|pw
Optimization of BDT hyperparameters based on Randomized + Grid search
5-fold cross-validation (SKLearn::StratifiedKFold)

MC weights handled through 'sample_weights' parameter of XGBoost classifier + 'scale_pos_weights’ to re-weight the signal class (in order to

reduce imbalance between signal and background statistics)

@ Kolmogorov-Smirnov test implemented = no overtraining observed

@ BDT results consistent among different dark-photon masses

Decision Scores

S (train)
B B (train)
& S{test)
¢ B (test)

61 [

Matthias Vigl Statistical analysis in the search for dark photons with the ATLAS detector Supervisors: Marcello Fanti, Silvia Resconi, Federica Piazza



Input variables

Matthias Vigl

Events/ 14 GeV

Sig. / Bkg
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Paper plots
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Hyyd signal

f+

Yd Yd Yd
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Fake E™SS background

o ABCD method, based on E7 and A¢(E T, B') variable: A
2" B A A
MC pMC Er
NfakeMET _ RNBNC — NA+A/ND TEJ’ 24
A - ) — pyMC  pgMC < “
) : ) ) D C’ (]
e R takes into account possible correlation between the 2 variables
o Ny is nu_mber observed data in region X, after subtraction of the contribution from non _
fake E™ backgrounds 30 40 60 ET's
@ Good stability of the R values (close to 1) for different cuts on o N R .
1 éﬁ’y [ 160 1_6;— E
Aqb(??’ss,?-r ) and E7”_7’55 o | l Ll L] ]
e Good closure in VR (R)... and R;,. are consistent within uncertainties) P "' 7 SRR
@ The uncertainty include statistical uncertainties in the B, C and D regions N e T
and the uncertainty of R coefficient from MC statistics = o o)
Channel MC Data-driven Channel Ryc Rt
——— — 1.151£0.111  1.181 +0.051
wn  670.8£66.1 580.8 + 64.1 =

Matthias Vigl
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e — v background

o Probe-e CRs defined from analysis regions (the SR and the fake E/s
ABCD regions) by replacing the photon with an extra electron

@ Yields in probe-e CRs rescaled by the fake rate F._,, = I,::—:

o N, and N, from the fit of ee and ev invariant masses around Z peak

e Signal 4+ background model: DSCB-exp(pol3)

o Fake rates initially inherited from mono-photon analysis, now recomputed
consistently with the dark-photon anaysis selections and OR (see Marcello’s talk
at the isol&fake forum https:
//atlas-glance.cern.ch/atlas/analysis/analyses/details?id=3145)

@ Subtraction of contamination from jet — e fake based on MC truth I oF = 070000705
information: 3 —dbeetiead

= |n|0[1.520; 1.810]

0.12

Vs=13 TeV, 140 bt == 0| 0[1.810; 2.010]

B || 0[2.010; 2.370]

o SF=MN;ye_e/Nio: obtained from MC applied to data in the probe-e CRs

@ Systematic uncertainties:
e Uncertainty on the fake-rate
e Statistics in probe-e CR
e 100% uncertainty on the SF uncertainty for jet — e subtraction

Region | Chan Electron faking photons oo
a0 mee - m
SR pu | 20.402 + 0.841 +0.343 + 1.405 + 1.295 f S A
I NCY,=158357  bka- gt Norn 22077 o
ee | 20.975 + 0.846 + 0.407 + 1.466 + 1.666 S
wof- €2=-10.00 n=3.27 200¢ €2=-9.05 n=1.04
£ €3=2.52 :::; :2 13 E: €3=2.08 ::::;;18
wf- pr € [25,35] GeV oo pr € [25,35] GeV
n €0,0.8] A n €10,0.8]
. I oy N s amen 3
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Top CR

Top background validation
@ An enriched top CR is defined by inverting the b-jet veto and removing the cuts on A¢(?’?i55, ?%) and my, to allow for more

statistics

@ 3 regions considered

Events

-1
Z‘E= 13 TeV,L=1381b [ Zy strong B Z strong
(M), TopCR B tUtt+V/Single Top —— data
244 Total Bkg

e Inclusive (n, > 0)
o 1top (np,=1)
e 2 top (np =2)
— conservative 20% systematic uncertainty added
to the fit, to cover data/bkg from top CR g .

EMISS repion Top sel Data Tot bkg Zy Z+jets Single top 1t ty data/bkg

EMISS = 60 GeV inclusive 513+£23 435+7 18+2.9 12+4.9 27+1.9 353 +3.7 21 £0.18 1.18 + 0.055
E%.liss > 60 GeV Itop 378+ 19 339+6.7 15+2.6 12+4.9 24+ 1.8 265 +3.2 19+ 0.17 1.11 +0.06
E.F"“ > 60 GeV 2top 135+ 12 96+ 2.3 28+1.3 0.041 £0.035 2.7+0.6 88+ 1.8 1.8 £0.053 1.41 £ 0.13

Table 39: Yields of data and relevant backgrounds for E{“i“ > 60 GeV and different top categories of TopCR, ee
channel. The Arf)(f?”“, ;3";}') and invariant mass selections are not applied, in order to increase the statistics.

[miss region Top sel Data Tot bkg Zy Z+jets Single top tr ty data/bkg

E.'l].l!“'q > 60 GeV inclusive 591 +24 508 9.5 39x7.7 - 35x22 409 £3.9 23+0.19 1.16 + 0.05
E%'u.ss > 60 GeV Itop 462 + 21 393+9.2 37+7.6 - 30+2 303+£3.4 21+ 0.18 1.18 + 0.06
E%“SS > 60 GeV 2top 129 + 11 116 +2.4 1.7 £ 0.88 0.4+0.24 5.5+0.86 106 + 2 2.1 +£0.056 1.11+£0.10

Table 40: Yields of data and relevant background for EI™* > 60 GeV and different top categories of TopCR, uu
channel. The Ad)(é;i”“, ;3";-") and invariant mass selections are not applied, in order to increase the statistics.

Supervisors: Marcello Fanti, Silvia Resconi, Federica Piazza
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VVy background

VVy background validation
@ 3u+y VVy CR: defined as the SR with no cuts on E/S and
Aqb(?mlss ?66’7) §;ul)3TeV,L=139fb'1 =é1{/ffgfsr}ggleTop=\Z/\/Strong
T PT | moy
e Focus on up to avoid contamination from jet — e S

e Dominant contribution from e — v in uue = keep ppu
e Too low stat with 4 leptons

e data/bkg: 1.3+ 0.25

Events

Lepton sel Tot bkg VVy Zy Z+jets \'A%
inclusive 92+3.9 41 £0.46 7.6x£2.7 2827 37 £0.61

2mu+lel 64 +3.6 16 +0.3 6+2.4 3127 36 +0.58 2

3mu 24+ 1.4 20+ 0.34 1.6+1.3 -0.25+0.2 0.89 £0.17 g

4mu 2.3+£0.051 2.2 £0.047 00 0+0 0.0099 £0.018 g

Table 41: Yields of relevant backgrounds in different leptons categories of VVy CR. The Efr“iss and

A¢(E§11i”, ﬁ#y ) selections are not applied, in order to maximize the statistics ‘ ‘ ‘ ‘
0 0.2 0.4 0.6 0.8 1
BDT weight

@ BDT input variables distributions show good data/mc agreement
—> VVy CR added in the fit

Supervisors: Marcello Fanti, Silvia Resconi, Federica Piazza
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Standard Model physics at the LHC

Standard Model Total Production Cross Section Measurements Status: February 2022
11 500/1b
Q 10 B0 ATLAS Preliminary
Theory
=7,8,13 TeV
6~ 1Y) S
b 10 v LHC pp Vs =13 TeV
: o Bl a2 321390
10° F Ao 3
F o 3
s A o LHC PP \/g =8 TeV
104 £ BB Data 202-2031bt .
- LHCpp Vs =7 TeV
3 = -
10 o Bl Daa 25-46M! E
- A .0
- o
2 L O -
10 % L3 o o ok A olo E
) - o o) total Lo ~o n ] ]
10° ¥ 210 &0 3
- ik \g: ! ]
B WH
1 F ; . o O W
E VH -
i o
107 F o “a
F (x0.3) I Www<z ]
- (x02)3 1
10 3

pp w Z tt t Wt H WW WZ ZZ tttW ttZ tttt
t-chan s-chan WWV

tot.
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LHC

HiLumMi

LARGE HADRON COLLIDER

HL-LHC

Run 1 |

. 156 Tov
e

Run 2 | ‘ Run 3

13.6 - 14 TeV

Diodes Consolidation

energy

splice consolidation cryolimit LIU Installation ) ) HL-LHC
7 TeV 8 TeV button collimators interaction . ) inner triplet ) N
—— R2E project regions Civil Eng. P1-P5 pilot beam radiation limit installation

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2022 2023 2024 2025 2026 2027 2028 2029 IIIIIII

5 to 7.5 x nominal Lumi

ATLAS - CMS .//

ATLAS - CMS
experiment upgrade phase 1
beam pipes . . . .
Pip nominal Lumi w ALICE - LHCb | 2 x nominal Lumi ,

75% nominal Lumi | /_ upgrade

HL-LHC TECHNICAL EQUIPMENT:

HL upgrade
integrated [ESAUXRIS
luminosity JEOOIEG

DESIGN STUDY PROTOTYPES / CONSTRUCTION

HL-LHC CIVIL ENGINEERING:

DEFINITION EXCAVATION BUILDINGS
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Future perspectives at the LHC

/H VBF ggF
NG o

13 TeV | 0.880 pb | 3.766 pb | 48.61 pb

14 TeV | 0.981 pb| 4.260 pb | 54.72 pb

27 TeV |2.463 pb | 11.838 pb | 146.65 pb

significance | HL-LHC (14 TeV) | HE-LHC (27 TeV)
20 0.012 % 0.0052 %
bo 0.030 % 0.013 %
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Experimental

Systematic uncertainty

systematic uncertainties

Short description

Event
Luminosity uncertainty on the total integrated luminosity
PRW_DATASF pileup profile uncertainty

Electrons

EL_EFF_Trigger_TOTAL_INPCOR_PLUS_UNCOR
EL_EFF_Reco_TOTAL_INPCOR_PLUS_UNCOR
EL_EFF_ID_TOTAL_INPCOR_PLUS_UNCOR
EL_EFF_ChargeIDSel_ TOTAL_INPCOR_PLUS_UNCOR
EL_EFF_Iso_TOTAL_INPCOR_PLUS_UNCOR
EG_SCALE_ALL

EG_RESOLUTION_ALL

trigger efficiency uncertainty
reconstruction efficiency uncertainty
ID efficiency uncertainty

charge ID efficiency uncertainty
isolation efficiency uncertainty
energy scale uncertainty

energy resolution uncertainty

Muons

MUON_EFF_TrigSystUncertainty
MUON_EFFE_TrigStatUncertainty
MUON_EFF_RECO_STAT
MUON_EFF_RECO_SYS
MUON_EFF_RECO_STAT_LOWPT
MUON_EFF_RECO_SYS_LOWPT
MUON_EFF_ISO_STAT
MUON_EFF_ISO_SYS
MUON_EFF_TTVA_STAT
MUON_EFF_TTVA_SYS
MUON_SCALE

MUON_ID

MUON_MS
MUON_SAGITTA_RESBIAS
MUON_SAGITTA_RHO

trigger efficiency uncertainties
reconstruction and ID efficiency uncertainty for pt > 15 GeV
reconstruction and 1D efficiency uncertainty for pp < 15 GeV
isolation efficiency uncertainty

track-to-vertex association efficiency uncertainty

energy scale uncertainty

energy resolution uncertainty from inner detector
energy resolution uncertainty from muon system
muon sagitta-related uncertainty

muon sagitta-related uncertainty

@ All experimental systematic uncertainties provided by PMG

are included in the analysis

Systematic uncertainty

Short description

jets

JET_EffectiveNP

JET_BJES_Response
JET_Etalntercalibration_Modelling
JET_Etalntercalibration_NonClosure_2018data
JET_Etalntercalibration_NonClosure_highE
JET_Etalntercalibration_NonClosure_negEta
JET_Etalntercalibration_NonClosure_posEta
JET_Etalntercalibration_TotalStat
JET_Flavor_Composition
JET_Flavor_Response
JET_JER_DataVsMC_MC16
JET_JER_EffectiveNP

JET_JvtEfliciency

JET_fIvtEfficiency

JET_Pileup_OffsetMu
JET_Pileup_OfisetNPV
JET_Pileup_PtTerm
JET_Pileup_RhoTopology
JET_PunchThrough_MC16
JET_SingleParticle_HighPt

energy scale uncertainty split into 15 components
jet-related uncertainty

jet-related uncertainty

jet-related uncertainty

jet-related uncertainty

jet-related uncertainty

jet-related uncertainty

jet-related uncertainty

jet-related uncertainty

jet-related uncertainty

jet-related uncertainty

jet energy resolution uncertainty split into 11 parameters
jet-related uncertainty

jet-related uncertainty

jet-related uncertainty

jet-related uncertainty

jet-related uncertainty

Jjet-related uncertainty

jet-related uncertainty

jet-related uncertainty

Flavour tagging

FT_EFF_B_systematics
FT_EFF_C_systematics
FT_EFF_Light_systematics
FT_EFF _extrapolation
FT_EFF_extrapolation_from_charm

b-jet tagging efficiency

c-jet tagging efliciency

light-jet tagging efficiency

b-jet tagging efficiency with high pt extrapolation
c-jet tagging efficiency with high pt extrapolation

E.‘Pi“-Trigger and E.';‘iss Terms

xeSFTrigWeight
MET_SoftTrk_ResoPerp
MET_SoftTrk_ResoPara
MET_SoftTrk_ScaleUp
MET_SoftTrk_ScaleDown

trigger efficiency uncertainty

track-based soft term related to transverse resolution uncertainty
track-based soft term related to longitudinal resolution uncertainty
track-based soft term related to longitudinal scale uncertainty
track-based soft term related to longitudinal scale uncertainty

Additional uncertainties on background estimations

FAKEMET_SYST
ELEFAKE_SYST
Smooth
TOP_SYST

uncertainty on the data-driven fake E‘r“i“ estimate

uncertainty on the data-driven e — 7y estimate

uncertainty on the shape of fake E.‘l]’i“ due to Z strong low statistics
uncertainty on top backgrounds normalisation from top CR

Matthias Vigl
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Theoretical systematic uncertainties

@ Estimation of the QCD scale, PDF+«. and Parton Shower.
e Estimation performed in bins of BDT: [0, 0.5, 0.64, 0.77, 0.88, 0.96, 1]

@ Bins with zero events — use systematic from the first bin

QCD scale PDF+ay

Parton Shower

Process [0,05] [05,064 [064 0.77] [0.77,0.88] [0.88,0.96] [0.96,1]
eeZHHyyd0 75 T 2 3 s i
L0 3 Pk 76 o3| X
qqZHHyyd0 7 g iy iy g ey Process [0,05] [0.5,0.64] [0.64,0.77] [0.77,0.88] [0.88,0.96] [0.96, 1]
ZHHy vdl 35T 753 257 755 53 25T
BEAT Yy 192 192 192 193 1.4 194 ggZHHyyd0 =11 +1.1 £1.1 +1.1 +1.1 £1.0
TS D D W T —— — —
euZHHyydl0 558 a5y 54 ohE ] oth qqZHHyyd0 +1.1 +1.1 +1.1 +0.9 +0.6 +0.4
=193 =122 =192 =123 =105 =124 ggZHHyydl +l.1 +1.2 1.1 1.1 +1.1 1.1
qqZHHyydl0 ") 43 4 39 34 37 d B P 0 0.8 0.6 0.4
ZHHyvd20 253 353 353 356 359 356 qqZHHyydl =l £l =L +0. £0. 0.
EELITYY =193 =191 —19.2 =193 -19.5 -19.3 ZHHyydl0  +1.1 +1.2 +1.1 +1.1 +1.1 +1.0
39 35 336 6 2 2.7 g8 Yy
qqZHHyyd20 24, gt iy ey ig ey qqZHHyydl0  +12 1.0 +0.9 +09 +0.5 +0.4
35T 353 5% 56 359 57 +1 1 0. +0. +0. +0. —
ggZHHyygzg o B S o i i iy B0 11 —5 7 5 4 5 Process [0,05] [05,064] [0.64,077] [0.77,0.838] [0.88,0.96] [0.96,1]
qqiggyyd;m 4 =1 38 53 Byl 37 qqZHHyyd20 <13 313 10 0.7 05 04 ggZHHyyd0 +144.1 +101.0 +35.9 +21.2 +0.2 +36.5
ge Yy ,#119;)3 11"/932 117943 113964 _+1,,935 1179;)4 ggZHHyyd30 +1.1 +1.2 +1.1 T1.1 +1.1 $1.0 qqZHHyydO +2.9 +5.3 +6.0 +0.4 +2.5 +5.8
qqZHHyyd40 4 by Y. Y, 33 30 qqZHHyyd30 =12 L1 1.0 0.7 06 04 Wewk 1064 £100.0 +100.0 =0.0 +100.0 =0.0
VAZy) ey ey Y ey Y, iy geZHHyydd0 =11 12 =11 =1 11 +1.0 WYged 279  £1000 434 0.0 0.0 0.0
vV s L s o = S Wt £0.1 £2.5 £0.5 £2.5 +20.1 £70.9
Y 29 —68 54 u L =13 qqZHHyyd40  +1.2 +1.3 +0.9 +0.8 +0.6 +0.4 24 - — . — " -
WYewk ;Jg% ;%(5,.5 - . s O+060 1%?05 %;O VH(Zy) 200 108 208 305 305 208 tV +2.7 +3.1 +15.8 +10.5 +4.9 +1.6
WYyea ;%? 1116)13 1%?):% ng . &g . fi(o;A VVy 05 11 114 11 T4 116 ttbar +5.4 +43.2 +44.3 +67.9 +73.4 +0.0
VYW 1% 1%% 1%% i % ;%% 1%% Weemws 156 172 $10.0 0.0 100 0.0 Zyged +0.6 +27.5 +0.4 +128.9 +40.8 +30.3
single Top ;§§J 33(50 230‘0 31(59 25(;8 230‘1 Wyged 109 181 372 300 30.0 300 Zgcd +8.0 +4.0 +67.1 +21.6 +24.2 +0.0
ttH(Zy) 57&1() +_975:‘77 577% +_955:85 ﬁ%‘ﬁf, :J{% Wy 202 207 208 209 ) 21 Vyy +6.6 +84.0 +10.0 +99.0 +19.1 +46.7
[ T e et i i it single Top +100 200 +0.0 +0.0 +0.0 +0.0 Zewk 1373 0.0 +0.0 +100.0 +0.0 0.0
ttbar ;71%:62 111318 1_5‘? ;gg ;5121}1 ff?x tH(Zy) 1 123 G 123 3.0 3.9 tW +3.6 +130.8 +10.9 +44.5 +100.0 +100.0
ZYqed —;70;0 ;197%3 —75% —;; 1 7?6-;’3 103303 tv £0.3 +1.0 +l.1 +1.2 +1.5 +2.8 Table 52: Difference from nominal of the PS uncertainties in the signal region for different process in I/ channel.
+2. g +J.. +25. +10. |
Zgcd 48 34 —62 —28.1 7.7 0.0 tthar £1.8 +3.5 £5.1 +4.0 +5.6 +0.0
Zon 1 S . W

Table 49: Difference from nominal for upper and lower bound of the PDF+a; uncertainties in the signal region for
Table 46: Difference from nominal for upper and lower bound of the scale variation uncertainties in the signal region {jfferent process in [/ channel.
for different process in !/ channel.
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Smoothing of systematics

@ High impact of experimental systematics due to low statistics (in particular in Z+jets) — high fluctuations in syst
variations
e Smoothing applied using the TRexDefault method from the CommonSystSmoothingTool with high tolerance (50%)

@ Merge bins until stat uncertainty goes below 50% threshold
@ Using '353QH twice’ algorithm (Friedman in Proc.of the 1974 CERN School of Computing, Norway, 11-24 August, 1974.) to avoid artificial flattening of
uncertainties due to rebinning

BOT_weight_withAHOI BOT weight. with AHO! BOT_waight_withAHOI
00— SR 200 o1 200 00— 200
- ee channel 3 — £ SR, ee channel —— N
180 — ! 180 180 SR: ee Chaﬂﬂel amina - 00— ! 180
180 18 B0 160 180 — 180
nag f MET_SoRTrk_Eaale _ldown |, ‘,D__ MET ScfiTrk_RasaPam 40 senf— JET_JEREfloctionfiP_2_1ep |, 0
20— 20 = 120 20— 120
0 - smocihTREDatat 0o e smooth TRExCefauit et e SMOSHNTAEDetouh "
= ] s B0 & 80
= 4
BO— —Jen B— —s0 a0 —fs0
we - = = ) = an e == 3°
2l =" anf— —an m— —eo
= = E, — = I 1 1 L I 1 1 I =
'ﬂ? "'G: - - I I I I t ' :'?w E '"3_ : t . : t T T E Laid .?s? = T T T L T T 4 T E
£ oF : = er 1) R S S L H —8n g ME =40
EEF,D:_ i k- ] [T S 1 £ T = Z(e wf- a0
=2 = : E cls  F E & _E 3
iy =] Anf— i 3 —40 BlE app—b S A W —ao afE amE- S
E pHIY = o = 3 & E 1= 3T E
oy 20— bbbl b i L= o = v ..! iE o
o it e e e e el B :9 gEaarere s It =N o : 1 N
o I TITTIEITTIIETIT AN MAM AL E R iz B:n : $i
BT e e e e —-20 ‘2": e 20 "DE'_ e E 10
an -~ -0 Dl e EM e =
= E P 50— —-sa -30f- -3
= E 80— i —-00 a0 —-a0
5 . . 1 3 R R s e s Y e B o i : : ! ! ; : y [ 350
. | I | I r 5 7 1] (X az 0.3 0.4 [ 06 or DE oS |
100y L L L - L s (I T 710

@ All underconstrained NPs are characterized by up and down variations moving in the same direction in at least one bin — Solved
through symmetrization of the problematic systematics, by taking tha maximum up or down variation.
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Smoothing of Z strong: 'Smooth’ systematic uncertainty

o Experimental systematics try to “heal” data/bkg discrepancies arising from low stat in Z strong

e Add a NP ('Smooth’) to specifically address this issue: uncertainty from difference between fake MET shape from pure MC,

and shape from smoothed Z strong (gaussian smoothing)

$-- Smoothed Tatrong+Zy
x]
10" ¥ 4— Non emoathed Zetong+Zy
+
|
il'a — |
C ¥
1o lag v le e by s by lesp i lann sl gl
4] 0.1 0.2 03 0.4 0.5 0.6 07 0.8 09
:+_ e -~ Smoothed Zstrong+Zy
10— + Mon smoothed Zstrong+Zy
— i i
- [ ]|
- +
R S
10 H

(=1

01 02 03 04 05 08 or o8 09

Matthias Vigl

# -~ Smoothed Tstrong+Zy

4— Mon smoothed Zetiong+Zy

10

T T

- -- Bmoothed Zstrong+Zy

—a&— Non smoothed Zstrang+Zy

ST

=20
et
mal
2
[

Statistical analysis in the search for dark photons with the ATLAS detector

04 0.5 06 07 08 09

Data/Bkg

Vs=13TeV, L = 139 fb*
Z(ee), Aprime

wy
B tt/tt+y/Single Top
o Fake E7*°
—e-data
— Smooth fake MET

10
1.5F
Es °
i 5 :
0.5
0 02 0.4 06 08 1
BDT weight

Vs=13 Tev, L = 139 fb*

Z(ee), A

wy
B tt/tt+y/Single Top
miss

[ Fake E7
—e-data
= Smooth fake MET

£ [ ;
1.5: [ P
SN ,
s 7 %
7 i
0 02 04 06 0.8 1
BDT weight

Events

s= 13 Tev, L =139 fb™
Z(pp), Aprime

wy
B tt/tt+y/Single Top

[ Fake E7*°
—e-data

— Smooth fake MET

10
107?
E .
1.5F
1E I3
A : 7
0.5;
0 02 04 06 08 1
BDT weight
e I L B B
10° Vs= 13 TeV, L = 139 fb* -m{w/sing\e Top
- T [ Fake E7*°
Z(pW), A —e-data

= Smooth fake MET

15F .
1Eersg 2 s
z 4
05F E
0 0.2 0.4 0.6 08 1
BDT weight

Supervisors: Marcello Fanti, Silvia Resconi, Federica Piazza



mlc_ |mH:u|m_0>>>|HEm|mEEmD
_UIJ_SIND_oUIqUI0J_9yS_1elS_Bwwe
M|m50 oc_mEoolmmeEw mEEmm

1g_SINd_aulquoo_{¥S_lels_ewwe
_UIJ_SINJ_suiquod_gHS_Jels_euwuwe
_UlJ_SINd_sulquod_¢gyS_Jels_ewwe

| mwmo aulqwod TYS Iels ewuwe

i, Silvia Resconi, Federica Piazza

0]_ _
ooEmm >\H/ aunseydie™ Hs
OOWS_AAA @Dmm@o_
00WS_AdQL 2UNS m

O0WS_SHOIH auAS m%mw_%w
ooWwS_JJAT <%tm,wms e ¥s

2

Supervisors: Marcello F

e ATLAS detector

o
o
£
lU)
E
]
=
%%
fal
5
=
5]
£
|
o d
w
bl
l_
w
bl

MMM,

ooWws_asuods3y Jone|
oows_uonsoduio) B>mm_ =N
oowis_jel Lmu%._. cozﬂm_ WEN|SEEN _
oowis_ej350d_a1nso|HUoN _uonelgiesisuiel3_1 3¢
oowis_e13bau_aInso[DHUON_uoiteldijedsaujels 1ar
0OWS_: _m_; 2I0SO|DUON UOLEl _,wo‘_mzc_mm_ ar
_B1epgT0Z _2/NSO|DUON~ uolelqifedialdiels 13
00WS_DbUI[|SpOIN_uoneidijedsauely 1ac
00LS_9[ea1NSNeIS_dNaAldal3_I 31
ooEwlmmuzmHEmln_gom

LL
-
[T}

Il
Q
w
[}

=
=
=

gt
w
=
[}
c
I
©

.2
=i

g
B
[0}

00WS_f[ealishels_,
oows_g[eallsiel

(=}
o
=
|u>
i
k5]
o
=
7]
=
&)
=
|
000000
[
>
5]
Q
LLILLILUIL LI
+ :l I
LU UL L
L

|

0
Z
[
=
(&)
(]
Iz

°

o

1S

¥

I\

[*]

@

X

T

0|

Z

[}

>

(5]

)

I

LI
L
Lu'_)'_)’_).
—,m

00WS_ZJ1010919(0_dNOAIIS
OOWIS_TJ010918( _dNaAl10alig
00WS_9suUo m%m 3rd L7
oows_uonejodenxa 443 14  _ _
oowIs_wJieyo EML uonejodenxs 443 14

E|

oows_sanewaisAs_ubiT 443 14
oows_saljewalsAs_D_443°-74
oows sollrewsisAs d 443 14

uiqwog 1sAs | JINIMVA -

GO SO O R s

O0WS_ NN-SN1d-d09dNI-IV1OQL 0Sl 443 "1d
NN_SN1d_dOJdNI_1v101 dl n_u_w 14 _
N.,SNd d0DdNT 1V 1eyo -

101 18sdld

[ el el ) N il cnnll il ol cnll ¢« b W il ol il ol il il ol il el el el ol ol ol sl el ol ol ol il ol ol ol sl ol sl il ol il el sl il el il il ol il il ol ol il gl il ol il il ol il il el ol il el Gl sl il el Gl el Gl il sl ol il el Gl ol ol el ol il ol el el il il ol il el el il il
o
g
7]
-
=
[<5;
7]
=
o
S
L
CLD.

—
[

™M N — o 4_ n_/_ o_o

Matthias Vigl

o
n
=

Pull plot




Ranking table in SR

BDT bin 0-050 050-0.64 0.64-0.77 0.77-0.88 0.88-0.96 0.96-1
Total(statistical+systematic) uncertainty 3.1% 10% 12% 11% 15% 28%
Statistical uncertainty 3.1% 9.9% 12% 11% 14% 16%
Fake EF™* shape 0.17% 1.2% 0.15% 0.76% 2.4% 21%
Jet E scale and resolution 0.09% 4.3% 2.6% 1.1% 0.65% 16%
Electron, photon E scale and resolution  0.04%  0.60% 1.0% 0.21% 1.7% 7.4%
Muon E scale and resolution 0.08%  0.10% 0.28% 0.67% 1.3% 4.2%
Fake E™s data-driven 0.52%  0.29% 0.04% 0.04% 0.29% 3.3%
EMss soft term scale and resolution 0.27%  0.10% 0.50% 0.35% 0.33% 0.85%
Top normalization 0.07%  0.09% 0.14% 0.13% 0.07% 0.42%
Electrons faking photons data-driven 0.03% 0.10% 0.12% 0.12% 0.06% 0.34%
Reweighting of (1) in MC simulation 0.07%  0.09% 0.28% 0.33% 0.20% 0.23%
Flavour tagging eff. 0.02%  0.15% 0.13% 0.11% 0.07% 0.20%
Photon ID /iso/reco eff. 0.00%  0.10% 0.12% 0.11% 0.08% 0.17%
Muon trigger/ID /iso/reco eff. 0.01% 0.15% 0.10% 0.06% 0.07% 0.16%
Electron trigger/ID /iso/reco eff. 0.01% 0.18% 0.09% 0.13% 0.11% 0.15%
Theoretical top 0.09%  0.04% 0.03% 0.17% 0.17% 0.46%
Theoretical W~ 0.03% 0.13% 0.10% 0.15% 0.09% 0.44%
Theoretical VV~ 0.03% 0.10% 0.12% 0.08% 0.08% 0.35%
Theoretical Higgs 0.01% 0.10% 0.14% 0.08% 0.07% 0.22%
Theoretical fake EMss 0.06% 0.13% 0.15% 0.28% 0.36% 0.31%

e search for dark photons with the ATLAS detector
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Ranking plots (asimov data-set)
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Correlation matrix in SR

o (EG_SCALE_ALL_smooth)

o (FAKEMET_syst_combine)

_JER_EffectiveNP_2_smooth)

_JER_EffectiveNP_3_smooth)

T_SoftTrk_ResoPara_smooth)

a(Smooth)

(_SR_ScalUnc_VVY_smooth)

Y(SR1)

Y(SR2)

Y(SR3)

Y(SR4)

Y(SR5)

Y(SR6)

Y(WyCR)

k1l

Matthias Vigl

-0.01 -0.04 -0.02 -0.09 0.04

0.07 0.03 -0.21 -0.03 -0.49 -0.13 -0.04 -0.01 0.05

-0.04 -0.10 -0.05 0.12 0.18 -0.26 -0.26 -0.07 0.11
;02 0.10 -0.24 -0.18 0.10
;09 -0.21 -0.05 -0.03 -0.14 -0.04 -0.31-0.24 0.09
B -0.03 0.12 0.07 0.09 -0.01 -0.14 0.34 -0.13 0.14 0.41
;)4 -0.49 0.18 0.10 -0.14 -0.14 0.01 0.11 0.12 0.02
-_0.11 -0.13 -0.26 -0.24 -0.04 0.34 0.36 0.30 0.33

0.22 -0.04 -0.26 -0.18 -0.31 -0.13

-0.07 -0.01 -0.07

0.11 0.04

-0.24 0.14 0.12 0.30 0.31

-0.19 0.05 0.11 0.10 0.09 0.41

-0.03 0.04 -0.02 -0.01 -0.02 -0.23 -0.01 0.05

0.01 0.01

0.02 0.33 0.04 0.38
-0.03 0.06 0.03

0.01 0.02 0.01

-0.11 0.22 -0.07 -0.19 -0.03

0.04

-0.02

-0.01

-0.02

-0.23

-0.01

0.05

-0.03

0.06

0.03

0.01

0.01

0.01

0.02

0.01

-0.07|-0.08| 0.08 |0.09 | 0.01 |-O.06|-0.48|-0.06|-0.04|-O.08|-0.05| 0.01 |-0.05|-O.21

AEg (., 0y A0y AMgy. 9(S
~AL st oo ey~ Mecy;,, CReg >
=Mooy Mhingy N 3 3 sopa'a\sm ~ Mooy,
= '"Oo[/;)\ '7700{/7) oty )

Statistical analysis in the search for dark photons with the ATLAS detector

-0.07

-0.08

0.08

0.09

0.01

-0.06

-0.48

-0.06

-0.04

-0.08

-0.05

UCsp YSRy) NSy MSrg) MSry) VSrs) MiSrg) y(Vla,CRk-Z
") \sCa/Unc )

0.8

0.6

0.4

0.2

Supervisors: Marcello Fanti, Silvia Resconi, Federica Piazza



Dark photon experimental status

The most often studied mediator in recent times is kinetically-mixed dark photon, where the two gauge groups U(1) and U(1)g,
concern the SM photon and the dark photn respectively. Focusing on the interactions with just the photon, the vacuum interactions
for this portal are:

]. ]- vV € 1% ]'
Lo = _ZFWFW - Zquchff - §FWFC7 T Em?lAduAZ + e A + €' Jg, Ay

The physics arising from the Lagrangians above depends on the considered kind of dark photon:

@ the massless kind, which does not couple directly to any of the SM currents and interacts instead with ordinary matter only
through operators of dimension higher than four: a field redefinition Ay, = Ay, — €A, eliminates the kinetic mixing term, leaving

the following interactions

1 1 ]
Lo=—7(1 = E)FuF" — SFau )" + el A" + & (Aj + eA")

In the absence of a dark current J;, we would have a completely decoupled vector /A\d with no observable effects. Hence in the
massless vector limit, we expect that the only limits would come from effects that involve the DM.

@ the massive kind, which couples to ordinary matter through a current (with arbitrary charge), that is, a renormalizable operator
of dimension four. The massless limit of this case does not correspond to the massless case above.

Matthias Vigl Statistical analysis in the search for dark photons with the ATLAS detector Supervisors: Marcello Fanti, Silvia Resconi, Federica Piazza



Dark photon experimental status
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Dark photon experimental status
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Dark photon experimental status
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