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Inclusive Four Lepton Measurement
With the ATLAS experiment at 13 TeV
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LHC & ATLAS Experiment

CERN accelerator complex ATLAS detector

ALICE LHCDO
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* Accelerating protons from 1 GeV to 6.5 TeV ¢ Built around one of these interaction points

in two directions until brought to collide at in order to study the outcome of proton-proton
four main interaction points collisions
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ATLAS Reconstruction

A Simplified sketch of ATLAS cross-section
Missing \\\ Muon Spectrometer
Transverse \
Momentum

Muon

By studying properties of reconstructed objects we infer behaviour of underlying physics
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ATLAS Search?

BSM process driven (sensitive)
Detector level (no corrections)
Many models

Difficult to reuse data
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ATLAS Measurement?
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. SM process driven )
 Particle level (needs detector correction)
* Longevity (future theory improvements)
* Any SM measurement can help to put
limits on BSM
- J
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ATLAS Search or Measurement?
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BSM process driven (sensitive)
Detector level (no corrections)
Many models

Difficult to reuse data

Reinterpretation

~

Model independence

-

* SM process driven

Particle level (needs detector correction)
Longevity (future theory improvements)
Any SM measurement can help to put

limits on BSM
- J
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Inclusive Four Lepton Measurement

Probing events with at least 4 leptons (Quad: 2x SFOS pairs: 4e,4mu, 2e2mu)

Run: 339849
Event: 1914311665
2017-11-03 00:50:49 CEST
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Why Four Lepton Systems?

10° Reconstructed L x axis logarithmic for m,, > 225 GeV
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Why Four Lepton Systems?
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Events / GeV

Data/Prediction
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Why Four Lepton Systems?

" X axis logar/thm/c for m, >225 GeV
L L |

'ATLAS ,  -eData WH S 4
Vs=13 TeV, 139 fb B g > 4 9g — 4l

M itv(v) VvV
Background

10°

Allow to probe wide range of interesting physics:

Events / GeV

* Z -> 4l branching fraction

N

« Signal strength (gg -> 41, Off-shell Higgs, ...

« BSM (Exotic Higgs) interpretation
* SMEFT interpretation '
R 5 fll'llll'llll'llll'llll f f + +
% B + ............... ++ % .................................... 3
< 1%%&%%»%»% s //
©
a 0 S
ATLAS analysis with 36 fb? L
50 100 150 200 i 300 500 700 1000 2000
ATLAS analysis with 139 fb! my [GeV]
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https://arxiv.org/abs/1902.05892
https://arxiv.org/abs/2103.01918

Fake Lepton Background

MS

Main background from non-prompt leptons

(heavy, light flavour decays) cale )
 Originating mainly from Z+jets, top-antitop, WZ
ID
e These are not well modelled . “Jeg
w,s""" |
~ Lepton

Estimated directly from data wton

(Fake Factor method) e
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Fake Lepton Background

104, ATLAS Work in Progress syst [l

: Vs =13TeV,L=139fb"! 4+ data gg- ZZ
* Main background from non-prompt leptons @ _ | region: sess Fake leptons  mmm Higgs
Inclusive . qq- ZZ VWV

(heavy, light flavour decays)

Originating mainly from Z+jets, ttbar, WZ

yields / 1.0 [GeV~1]

These are not well modelled

Estimated directly from data
(Fake Factor method)

frac. data/MC

« Validated in dedicated regions
Same-flavor same-sign pair
Different-flavor opposite-sign pair

10? 10°

mgy [GeV]
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Correction to Particle-level

Particle-level m, [GeV]

900 - 2000
720 -
620 -
555 -
505 -
455 -
416 -

381

800 [—
665 [—

585
530
480
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- 398
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322 -
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216 -
199 -
182 -
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149 -
137 -
122 -
104 -

365
336
309
285
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243
225
207
191
171
156
143
128
110

86 - 96
20 - 60

Resolution & Efficiency effects

[HEEEEEEEN

10
-207

- - - - -

—_ o = - T T =

234 - 243
253 - 263
274 - 285
297 - 309
322 - 336

350-365|
381 -398
416 - 436
455 - 480
505 - 530
555 - 585
620 - 665
720 - 800
900 - 2000

Reconstruction-level m, [GeV]

Migration matrix %

r =— Fid. fraction b

e, — Efficiency  |.._]

F Purity b

L o . T i
102 10°

m,, [GeV]

* Chosen Method: Iterative Baysian Unfolding with lepton-based pre-unfolding correction
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Results (Cross-sections)

Differential cross sections:

/% axis logarithmic for m,, > 225 GeV

E '\I{TLAS X p'Va: (ghefﬁa)=062§9§i¥¥ Bg\tlvaf:e 4] + XE
. - - =0. —> =
Integrated cross sections S OpsI8 ey, 0 e o) O e X
E:r 1 X=gg—>4+H—>41+VVV+IV(V)]

—— ‘ Region S H—s4| 3

Ful. | Z—>4 | H-—4(  OffshellZZ On-shell ZZ 3 40 gg—4l ]

Measured 889 : 221 i 476 12.4 493 — V(V)+VVV
fiducial +1.1 (stat.) i +0.7 (stat.) i +0.29 (stat.)  +0.5 (stat.) +0.8 (stat.) ]
cross-section +2.3 (syst.) +1.1 (syst.) +0.18 (syst.)  +0.6 (syst.)  +0.8 (syst.) 3
[fb] +15 (lumi.)} 0.4 (lumi)) | £0.08 (lumi) 02 (lumi.)  +0.8 (lumi.) ]

+3.0 (total ) +1.3 (total) i £0.35 (total) ~ +0.8 (total) ~ +1.3 (total ) E

SHERPA 865 | 23615 : 457:021 115207  46.0+29 S
POWHEG + PYTHIAS 83+5 21.2+1.3 i 4.38+0.20 10.7+0.7 46.4+3.0 3 5
----------------------- § Z}_{ HH|gg ; On_She" ZZ E

1 10° 4, b Offshell 2z . E

O B

Used to extract (most precise) Z -> 41 BF

By 4 = (4.41 £0.30) x 107°

Prediction/Data

m, [GeV]
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Results (Cross-sections)

Double Differential cross sections:

(m4l (inC., pT41/ Y4L ﬂavour), AypaiTSI A(ppaiTSI A¢ll/ My, Mz2, Prz1s PTz2, pOIarisation Variables)

= 103 T T T T T T T T T T T T T T T—] ;- 1.2 T T T T T T T T T T T T T T T
=, E ATLAS ~¢= Data E ) ATLAS == Data 7
=  FE(s=13TeV, 139 fb" A Powheg qg—41 + X 3 = Vs=13 TeV, 139 fb’ Nk Powheg g4l + X
= ~ Off-shell ZZ # Sherpa qg—4l + X = 1C0ffshell 2z ### Sherpa qg—4l + X
2 ekl X=gg—s4l+H->41+ VWV +EV(V)_| < X=gg—s4l+H—>41+VVVAEV(V) ]
° = p-val (Sherpa)=0.03 E g ! _ ]
© = | (Powheq)=0.01 3 S 08 p-val (Sherpa)=0.03
= p-val (Powheg)=0. . R p-val (Powheg)=0.004 -
- — ©

10

—_

Prediction/Data
Prediction/Data
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SIM Effective Field Theory (SMEFT)

Low energy limit High energy limit

SensmVlty in the m4l analy51s

. Wilson coefficients

Z-1l vertex 1nteract1on

5/11/2021 Inclusive 41 Measurement (NNV)



SIMEFT Interpretation Model

> ATLAS Internal M+ 2Re(M M) + Mol
G 1gp ° =BTV 13O SM+2Re(MiMMdG) i C 0.21
3 — 'smMade =
g —— SM+ |Mge|? HG '
< 101 L ---- SM
. P M
Choosing the most sensitive observable g + Deraleon)
. o . = 100t
for each Wilson coefficient 2
1071t
Model parametrization e

1073
2
OsmerT(€) = Ospm + €0 + € '%@J
=
n
e

cale SM theory

LH formula H
v /
= —2 lk exp{ - % [T,’meas _ ?pred(y)] Tc—l [‘—;meas _ ?pred(g’)] } % H?(ai, 0, 1) INfer Esin e parameter Mmszy [GeV]
V2| C| 4 i term

Covariance matrix
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SIMEFT Interpretation Results

ATLAS full model
* Individual limits on 22 Wilson coefficients Vs=13 TeV, 139 fb” Expected 96% CL === Observed 95% CL
Coeff. Observable Draw Scale Obs. 95% interval
. L . LSS O —— I x4 [-0.20,-0.033] U [-0.011, 0.013 ]
* Higgs coefficients more constrained by &, m, —— <5 | [-0.083,0.033]
dedicated Higgs measurements S _Mu| | mm— R L
Cows  Ms ———— [-0.29,0.13]
e P T T e %038 T28BAT TS
. } — —— x 0.05 | [-13.0,-6.9 -1.5,4.4
*  Cywp D x more constrained by m4l o ; o aay A
(global fit currently the best) cly AD,us —_— [-019,0.55]
AP, —— [-0.47,0.12]
i my x 05| [-1.6,0.45]
« Zll best constraints currently from the G M | —— | l038082] ..
. . Cy My, e — [ 051, 0.427
combination of LEP and LHC data . M, x0.01| [-33.0,41.0]
Cow My —— [-0.14,0.22]
L. ) Cy My —— [-0.41,0.37]
* Limits provided for full model o, m, e <002 [-210,260]
. s . c, my — % 0.02 | [-20.0,25.0]
but also linear only -> test of missing dim8 EFT o 3 (015, 0.40]
cy my, —— x 2 | [-0.086,0.17]
. . . @ m, —— x 4 | [-0.064,0.080 ]
* The results can be used in combination - : 2| [o16, 0201
with other measurements to perform global fit G My — <2 | [011,014]

| |
-1 -0.5 0 0.5 1
For gif scans see: https:/ /atlas.web.cern.ch / Atlas/ GROUPS /PHYSICS /PAPERS /STDM-2018-30/animated 01.gif
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-30/animated_01.gif

What to carry away?

* Elusive nature of new physics leads to vast mapping of parameter
phase space of BSM models

* SM measurements (such as inclusive four lepton analysis), and their

combinations, can help to constrain BSM physics in a systematic way
(Example: SMEFT)
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Thank you for your attention
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Additional Material
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Correction to Particle-level

e Reconstructed distribution has to be corrected for detector effects

Parton Level Partlcle Level Detector Level

/

proton

<

Lm&&&%ﬁi,

!

proton

Theory | Experlment

) =<
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Measurement Defined by Final State Objects

Table 1: Definition of the fiducial region.
Lepton selection
Muon selection Bare, pr > 5 GeV, || <2.7
Electron selection Dressed, pr > 7 GeV, || < 2.47
* Loosened selection to allow for maximal inclusivity Event selection
Four-lepton signature At least 4 leptons, with 2 Same-Flavour, Opposite-Sign pairs
. . Lepton kinematics pr > 20/10 GeV for leading two leptons
* Lepton selection defined by ATLAS acceptance ,
Lepton separation AR;; > 0.05 for any leptons
J [w-Veto m;j > 5 GeVfor all SFOS pairs
* Relaxed lepton separation allowing for boosted topologies ——ruhisolation bt e
Bare
* Less extrapolation (and model dependence) AR <01 e

from measured quantities:
* Lepton type (bare vs dressed)

FSR
* Isolation (mimic reco isolation)

Tau decay leptons included (to allow for BSM with taus)
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IMA4L Reco Selections

Overlap Removal

Reject Against Overlap Criteria
electron | electron shared track, pIT < pZT
calo muon | electron shared ID track
electron muon shared ID track
jet electron AR <0.2
jet muon | NumTrack < 3 and ghost-associated/AR <0.2

Reco Selection

Table 20: Definition of the reconstruction-level selection.

Category

Requirement

Event Preselection

Fire at least one lepton trigger
>1 vertex with 2 or more tracks

Jet selection

Table 17: Definition of the jet selection.

Four-lepton signature

At least 4 leptons (e, u)

Collection: AntiKt4EMPFlow
Kinematics: 7] < 4.5

pr > 30 GeV
Signal jet (after overlap removal): pass JVT

Lepton kinematics pr > 20/10 GeV for leading two leptons

Lepton separation AR;j > 0.05 for any two leptons

J [w-Veto m;; > 5 GeVfor all SFOS pairs

Trigger matching Baseline leptons matched to at least one lepton trigger
Quadruplet formation At least one quadruplet with 2 Same-Flavour, Opposite-Sign (SFOS) pairs
Quadruplet categorisation 4 signal, 0 non-signal: signal region

< 3 signal, > 1 non-signal: background control region

5/11/2021
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Inclusive 41: Results (integrated fid. x-sec, BR)

1] Integrated fiducial cross-sections

: ™ Region
Full P Z—-4 i H- 4 Off-shell ZZ On-shell ZZ . .
Measured 889 | 21 . 476 2.4 493 2] Br anChlng fraction of Z->41

fiducial +1.1(stat.) i +0.7 (stat.) i £0.29 (stat.)  +0.5(stat.) 0.8 (stat.) a
cross-section +2.3 (syst.) +1.1 (syst.) +0.18 (syst.)  +0.6 (syst.)  +0.8 (syst.)
[fb] +1.5 (lumi.) +0.4 (lumi.) {+0.08 (lumi.)) +0.2 (lumi.)  +0.8 (lumi.)
+3.0 (total) { 1.3 (total) +0.35 (total )  +0.8 (total)  +1.3 (total )

SHERPA 86+5 i23.6%15 4.57+0.21 11.5+0.7 46.0+2.9 Subtraction of predicted
POWHEG + PYTHIA8 83+5 212413 F 4.38%0.20 10.7+0.7 46.4+3.0
e Non qqZZ processes

Fraction of single Z
(rather than T channel)

___pred
o non—qqg—4l

) % 17 Faonr

Fraction of leptons J

Bz a = oy X Are
J/' —_ Not originating from taus
Total cross-section for a single Z production
Phys. Lett. B 759 (2016) 601 Extrapolate to extend phase space
80 < m4l < 100, mll > 4, no kin. req on leptons

Most precise results up to date!
By 4 = (4.41 £ 0.13(stat) + 0.23(syst) & 0.09(theory) 4 0.12(lumi)) x 107° = (4.41 +0.30) x 10~°

Powheg: Bz_.4 = (4.50 £0.01) x 107% Phys. Rev. Lett. 112, 231806 (2014)
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https://arxiv.org/pdf/1603.09222.pdf
https://arxiv.org/pdf/1403.5657.pdf

Impact of pre-unfolding

* Reduced size of efficiency correction in the unfolding

* Robustness tested with various BSM signal injections
In]ectlon tests

T T

- :
. . © 1OEATLAS L SMtruth %
Unfoldmg mputs 9 Evs=13Tev, 139" BSM truth =
No pre-unf pre-unf g C L En;o:geg ng Eno erﬁ:)U P
—— Unfolde: pre-
: ! ] w1 M1e=300 GeV, 6,,,=35 Ge\F
e 1 —;F’_._ ----------------------------------------- 1 F 6.2 fb .
: —_— ] i T M_ 10_1_5 ' -
Iy o B e I 0.8 [ 5 6 DRI W 0.8 E 3
L - ] L i 1072 =
[ —_0.6 [ —_0.6 § E
— Fid. fraction — Fid. fraction 3 B ]
— Efficiency . 0.4 — Efficiency . 0.4 10 _? E_
- Purity i i - Purity 1 F 3
= s e ...
' =°1.02 R .
2. el [
- 3 b ﬂﬂﬁﬂlﬂ"l s
: N events passing reco = ! gl B
— pre-unf
Efficiency = _ 2 099
N events passing truth 10° 10°
m, [GeV]
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Dimension 6 operators

x3 H® and H*D? W’ H®
Oc | fUGIGrG" | Oy (H'H)’ O | (H'H)(Te,H)
Oz GGG | Oun (H*H)E'(H"H) Oun (H'H)(q,u,H)
Ow | e wirwlw | Oy | (H'D*H) (H'D,H) | O (H'H)(q,d,H)
Op | Wy wlrw*
X*H? ¢’ XH $*H’D
o H'HGA ™ 16) (Io"e,)t' HW! ol (H*z D H)(I,7"1,)
HG Gy W L v HI p'Y
Oue H'HG},G*M O, (I,o"e,)HB,, o | (HiD! H)([I,t'9"1,)
Omw |  HHW,W"™ | O | (§,0"T'w)HG,, | Og (H*z D ,H)(e,7"e,)
Oui | HHWLW™ | Oy | (g,0"u,)T HW,, o};% (H'D ,H) (37",
OHB H+HB BW OuB (qpo'wur)HByv qu (H+l D H)(qu 7’4‘77)
Ous H+H§WB”” Ouc (3,0 T"d,)H G}, O, (H*z D ,H)(,7"u,)
Ouws H't'HW,, B" Ouw (,0"d,) T HW,, O | (H iD H) (')
Ouig H't'HW,,B" Ou (§,0""d,)HB,, Onuw | i(H'D,H)(1,7"d,)
(LL)(LL) (RR)(RR) (LL)(RR)
Oll ( p’Yp. )(l ryylt) Oee (Ep'err)(és')’ﬂet) Ole (lp’)/ylr) (e_slyyet)
O | @ma)@n"a) | Ow | @ma)(@y'u) | Ou | () (@y'e)
o5 | @)@ T | Ow | @md)datd) | Ow | (G ([ddy)
Ol(ql) (p')’p )(qs’)' ‘h) Oeu (ep')’yer)( _s')' ut) Oqe (qp')’uqr) (e_s'yyet)
01(:) (lp’)'yT lr)(qs’y T qt) Oed (e_p')’p.er) (ds')'ydt) Orgi) (qp')'yqr) (as'yyut)
01(4}1) (ﬁp'Ypur) (d-s')'ydt) Orgz) (‘7;:’)’;4 TAqr) (as'yy TAut)
_ T 1 - -
0% | (@m,T"u,) (dr T ;) 0%2 (@7u) (' dy)
Oqg) (q_p'YyTAqr)(ds’YyTAdt)
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ATLAS
Vs =13TeV, 139 fb~!
Fit to ms4 spectrum

CE[-0.182, —0.034]U[-0.015,0.011] @ 95% CL (exp)
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https:/ /atlas.web.cern.ch / Atlas/ GROUPS /PHYSICS /PAPERS /STDM-2018-30/animated 01.gif
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—2log
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Inclusive 41: Results (interpretation)

Used LH formula for the interpretation Effective Field Theory

1 1 — C; (’) 6) : Cj o®) C,0m
i CXP{ 5 [?meas -5Pd( 0 )] c [_meas Pred( ] } X H?( 0, 1) LsmprT = .»CSM + Z + N Z And
V(2rk|C| 2 Vk,n=>5,7,9-
* Limits on 22 Wilson coeff1c1ent dimé6
Baryon — Lepton number gauge model indivi
+ EFT terms generated (Mg5@NLO + Py8) individually
ST
—pred _ —int 2
*  Spontaneously broken local gauge B-L symmetry ATLAS 0 rastav full model
+  Predicts Z' and exotic Higgs h2 mixing with SM Higgs /=13 TeV, 139 fb” Bpeced S CL T Omsenvedosre L
. . . Coeff. Observable Draw Scale Obs. 95% interval
Via «, pOSSlble decays of both nggs toZZ and 7’7’ Che Mo == \ <7 [-0.20,-0.033] U [-0.011,0.013]
. . S My — x5 | [-0.033,0.033]
*  Model generated with Herwig 7.2 D) [ ——— (-0.62,029]
_________ Cous . Mar] e TIOWOIT T T T T T T
3 o7 T T T T Ayaivsvsm“lé 0l7?\\\A‘1\'L\A\s\‘\\\\‘\\\\‘\\\\\\\\‘\\\\‘\\\\‘\\% _________ Al ":'""70.‘05'[?.6,'81'] _________
% ';TLAS jlm;, vs m, % £ Vs =13 TeV, 139 fo" — Expected exclusion | Cyy AP, i —— x 0.05 | [-13.0,-6.9] U [-1.5,4.4]
s=13TeV, 139.fb™" E _ --- £ 1o (expected) o AD —— [-0.70,0.20]
06 B-L model (m, = 35 GeV, g' = 10%) | Pars Y5 M 06E Z,Lh::: : (9"5' 2 CaLs GeV.9'=10% T (xpectod) ] o ra,,, [-019,055]
map of best variables I |costy, vsm, o 5i — S]bsj';’:‘d exc'“s""E c(‘,?i A0, —— [-0.47,0.12]
0.5 E 7‘2036‘\/25\/[?]”14 ’ g h, <z ] Z:a? Amn:: ——— x 0.5 {;fso::zll
o e 0.4 = —————---— - fH---zZo———-—---- MUY, O] T == -
04 1 [Prie ¥ Ma L 1 P — x001] [33.0,41.0]
1 |mg,vsm C " Co My _ [-0.14,0.22]
03 3 *mj: vs m:: 0'35 1 cy M — [-0.41,0.37]
1 L ] ¢ My 0,02 | [-21.0,26.0]
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EFT Interpretation Results

®* Cap, CHWB, CHes C1H1, C3Hq/ C3H1, C111 , linear dominant Only interference term
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Further Reinterpretation?

arXiv:2105.08494v1 [hep-ph] |18 May 2021

New sensitivity of LHC measurements to Composite Dark Matter

Models

J. M. Butterworth,* X. Kong, and M. Thomas
Department of Physics & Astronomy,
UCL, Gower St., WC1E 6BT, London, UK

L. Corpe'
CERN, Esplanade des Particules 1, 1211 Geneva, Switzerland

S. Kulkarnit
Institute of Physics, NAWI Graz, University of Graz,
Universitatsplatz 5, A-8010 Graz, Austria
(Dated: May 19, 2021)

Abstract

‘We present sensitivity of LHC differential cross-section measurements to so-called “stealth dark
matter” scenarios occurring in an SU(Np) dark gauge group, where constituents are charged under
the Standard Model and Np =2 or 4. The low-energy theory contains mesons which can be
produced at the LHC, and a scalar baryon dark matter (DM) candidate which cannot. We evaluate
the impact of LHC measurements on the dark meson masses. Using existing lattice results, we then
connect the LHC explorations to DM phenomenology, in particular considering direct-detection
experiments. We show that current LHC measurements constrain DM masses in the region of 10

TeV. We discuss potential pathways to explore these models further at the LHC.
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FIG. 5: Scans in 1 — m., for two sub-models, focussing on the n < 0.5 region and
excluding the ATLAS dilepton search. (a) Gaugephilic SU(2)y,, (b) Gaugephobic SU(2),,
The colours indicate the dominant signature pool giving the sensitivity. The white solid

line is the 95% exclusion and the white dashed line is the 68% exclusion.
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Pre-unfolding correction

* Lepton pre-unfolding correction applied before common Iterative Baysian Unfolding

* Reduce dependency of SM lepton kinematics, by applying per event efficiency
corrections on both data and MC
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Inclusive 41: Fake Lepton Systematics
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Inclusive 41: Systematics

* Uncertainty dominated by data statistics

. . OE' : T T T T LI I T T T T T LI I :
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Electron pre-unfolding corrections
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Unfolding correction

Term Description

reco bins 1—1 T
R. —F.)-f.. 1 MJ UZ . i M= Unfolding matrix
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J J k IR~k P= Predicted reconstructed yield
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Inclusive 41: HepData

@ HEPData Q search HEPData @ About @ Submission Help ) Sign i

Last updated on 2021-03-04 15:59 |l Accessed 273times  99Cite

< Hide Publication Information
& Download All ~ X
observables phrases reactions

Measurements of differential cross-sections
in four-lepton events in 13 TeV proton-proton [+ View Analyses ~ % CROSS SECTION % FOUR LEPTON PRODUCTION @ PP->4LEPTON+X
collisions with the ATLAS detector

Y Filter 65 data tables

The ATLAS collaboration 1 H
mal N e o Visualize

Aad, Georges , Abbott, Brad , Abbott, Dale Charles , Abed Abud, —— PP

Adam , Abeling, Kira , Abhayasinghe, Deshan Kavishka , Abidi, Syed ¢ jiterential cross section for four M(4l)  doldM [fb/GeV]  SM (Sherpa) [fb/GeV] VWV (SM) [fb/GeV] iV (Sh l

Haider , Abouzeid, Ossama , Abraham, Nicola , Abramowicz, Halina leptons (Max = 1710~GeV) (GeV) 18—

CERN-EP-2021-019, 2021. L
m4l 4mu > 20.0- 0.0069932 0.0098706 9.06e-07 6.51e-( i

https://doi.org/10.17182/hepdata.94413 60.0 +1.671E-04 MCstat. £1.406E-03 Uncertainty SM £4.5E-0T Uncertainty SM +T.8E-0¢ )

10.17182/hepdata.94413.v 12—
£2.630E-05 Theory
Resources nclusive differential cross section for four e f—
muons (Max = 1320~GeV. Electron Reco.
+6 more errors Show
|+ Rivet Analysis m4l_4e > all
10.17182/hepdata.94413.v1/t3
Abstract (data abstract) selhepdatas . 60.0- 0111 0.11055 7.0e-06 0.0004
. nclusive differential ¢ ection for four 86.0 e = ] 02
Four lepton mass full run Il measurement and SM prediction. ATLAS lectrons (Max = 887~G - £1.050E-03 MC stat. 7.968E-03 e +1.5E-06 e 25.3E-0
electrons (Max = 887~
internal. +4,585E-04 Theory 0.0— o ——— s
+4.326E-04 200 400 600 800 1,0001,2001,4001,6001,8002,000
m4l_2e2mu > Electron Reco. Misll (Gev)
+6m ors

10.17182/hepdata.94413.v1/t4 1
e Sum errors ¥ Fill bars Log Scale (X)

nclusive differential cross section for two

5/11/2021 Inclusive 41 Measurement (NNV) 37




Baseline / Loose / Tight

Table 16: Definition of the baseline lepton selection.

Category [ Requirement
Kinematics Muons : pr > 5 GeV
If CaloTag: >15 GeV
In| <2.7
Electrons: pr >7GeV
|n| <2.47
Vertex association Both : |zosind| <0.5 mm
Identification: Muons: Loose ID
Electrons: LooseLH ID
Overlap removal: Lepton-favoured

Loosened selection
(For additional leptons
and fake estimation)

N = N! + Nt

Table 19: Definition of the signal lepton selection.

Input objects
Isolation

Baseline electrons and muons that are part of the quadruplet
FixedCutPflowLoose working point
Contribution from all other baseline leptons is subtracted
Muons: |dy| <1 mm
Muons: do/og, <3
Electrons: dy/og, <5
Electrons: LooseBLayerLH ID

Cosmic muon veto
Impact Parameter

Stricter Electron ID

5/11/2021
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Lepton Selection

Baseline

Selection for leptons
In the quadruplet
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Fake Lepton Background

« Simple example: measuring events with 1 lepton

Number of measured
events with tight/signal
lepton

5/11/2021

Number of
events with fake lepton

Number of
events with real lepton

Probability of real lepton

To be reconstructed as tight/signal L ropability of fake lepton

To be reconstructed as tight/signal
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Fake Lepton Background

« Simple example: measuring events with 1 lepton

Number of measured
events with tight/signal
lepton

Number of
events with fake lepton

Number of
events with real lepton

Probability of real lepton

To be reconstructed as tight/signal L ropability of fake lepton

To be reconstructed as tight/signal

« Same applies for our non-signal leptons

5/11/2021

N'= (1 =7)N, + (1 — f)N¢
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Fake Factor

Detector
What we measure —> N r l f N,\ «<—— Nature
N! 1—r 1—f) \N

In case of 41, F for each combination
\ of passed and
1 failed lepton (P,N)

SR

é \,f Z’ . ! \,f OP,4F 1P,3F 2P,2F 3P,1F 4P,0F

Number of leptons passing signal
selection in the quadruplet

Conversion factor between SR and background enriched region
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Fake Efficiencies

« Measured in Z(1l) + jets + leptons region

Creating pure fake region

Néata(pT7njet) — queal MC(pT7njet)

Probability that baseline

fake leptons will pass signal f (pT ,nj €t) = ; 5
lepton selection Ndata (pT; nj Gt) - Nreal MC (pT7 nj €t)
Reconstruction efficiency of Fake muon in Zjets CR (data) with stat errors Reconstruction efficiency of Fake electron in Zjets CR (data) with stat errors
g 8
s ks
2 2

2 3
10 10 b, (Gelf
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