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Motivation
4.20 deviation in a,, between experiment!
and SM
possible solution: introduce 2nd Higgs
doublet

flavour-aligned 2HDM, scaling factors ¢:

= leptons: ¢ ~ 50
= up-type quarks: ¢y ~ 0.5
= down-type quarks: {4 ~ 0

0 analysis mass points: m4 = 20 - 110 GeV

"Phys. Rev. Lett. 126 (14 2021) 141801
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https://arxiv.org/pdf/2104.03691.pdf
https://arxiv.org/abs/2104.03281

Signal process

A
o entirely defined by couplings At >------
g
> cross-section calculated with ggHiggs?
0 leptonic decays due to trigger thresholds
= A->7T > e+ p(+vev,vvy)
m4/GeV 20 50 80 | 110 || 125 (my gm)
N3LO xsec / pb 463.5 | 128.6 | 59.7 | 34.3 47 +3
exp. production for 140 fb~! in millions 64.9 18.0 8.4 4.8 6.6
uncertainty / % 11.2 8.2 7.0 6.5 6.5
2ht:':ps ://www.ge.infn.it/~bonvini/higgs/
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Background processes

-e- Data B Muttijet
[]z/y* -z [[] Diboson

B wyw v [ ]Zy* - eeluu
[ ]Top [ SM Higgs

— Ay — TT Uncertainty

o main background: Z/~* +jets — 77

0 except Multijet estimated from Monte Carlo (MC)
simulations

o Multijet = jets misidentified as leptons

= data-driven method (see next talk)
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Baseline selection and trigger

w
a

30

muon pT [GeV]

o combination of electron—muon triggers ¢

201
Qo opposite charge

151

0 reject events with b-tagged jets 10p

0 5 10 15 20 25 30 35
electron pT [GeV]
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@ DRES

Analysis selection cuts

0o two mass ranges: low-/high-mass signal region (SR)

ma | (20-80) GeV (80 -110) GeV

EXmiss cut EMiss | > 50 GeV >30GeV
— general background reduction

Mass cut® mit | <45GeV < 65GeV
— reduction of Top & Diboson background

Angular cut* ARy | <0.7 <1.0
— reduction of Z — 77 background

i 2 .. 2
Smlet = \/(p.fi +ph + E.’II"SS) + (fz.l? +pE 4 E.IE”‘SS)
‘AR =\/(A®)2 + (An)2
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Z — 77 validation region

-o- Data B Multijet

I Z/y* - rr [ Diboson
Wy W —Ilv I Zy* — eeluu
[ ]Top I SM Higgs

— Ay > TT — Ay = 17T
— Aigy = TT Uncertainty

0 orthogonality to SR by inverting A R;; cut:
2 AR” >1.4
0 Z - 71 MC reweighted on basis of njes distribution

> see following talk
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Top validation region R
c 4 E (s=13TeV, 1401 fo" E?:;ﬂ =g/";"le; .
L%) E 510_> TeTu =g}buson , =2;l'|y;;.lﬂl—>lv
’ = 7"~ eeluu iggs
—-o— Data - '\/lUl’[IJet 3.5 E \/A;[Z-n’:}i;‘-.%rogress ::ffn:r:r G:c:rf;i:ty
[ Top 2y — e 3 FTorvm 603
[ Diboson B Wy W — Iv 25E
O Zy* — ee/uu [ SM Higgs oE 7
— Ay — TT — A > TT 15; ot
— A > TT Uncertainty ] 3
0 orthogonality to SR: 0.5 ?
> Ny_jets > 0 2145
—jets m 1.2 [stat. [Msyst. %
o NNLO QCD and NLO electro-weak reweighting applied g 1
2 I
0 region used to extract top generator uncertainties a 82 = E
. | | ] | | | E|
> see following talk 0 20 40 60 80 100 120 140
pI:adIep [GeV]
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Same-sign "Z — 77 " validation region

—o- Data B Multijet

I Z/y* —» rr [ Diboson
Wy W —Iv I Zy* — eeluu
[ ]Top I SM Higgs

Ay = 77T — A, > TT
A > TT Uncertainty

only difference to Z — 77 validation region:
D Gequ =1
used for validation of fake lepton background estimation

MMC = tool to determine most probable Higgs boson
mass from ET'S® and lepton properties
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Signal regions
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Expected cross-section limits

. . ATLAS Work in Progress - Exp. o(gg—A) x B(A - 7,,,7,,) limit
final bl o e
u Tinal variable mymc Vs =13 TeV, 140.1 b, 95% CL [ 10
A, =20

o discontinuity due to split into two SRs

Result includes systematics from:

0 experimental sources

(]

cross-section predictions

0(99—A) X B(A—7,5,7,,) [P0]

1=
0 luminosity L
0 generator uncertainties i
o fake lepton estimation L |
0 Z - 77 reweighting 2IO‘ L ‘410 P ‘610 P ‘810 P ‘160‘ L
m, [GeV]
DPG Dresden 2023
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Expected |(| limits

o final variable mymc

o discontinuity due to split into two SRs

Additional systematics included:

a signal cross-section

0 signal generator uncertainties

Previous general limit®:

Q |Cul<~ 0.5

= large limit improvements expected

SJHEP 09 (2021) 080
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https://arxiv.org/pdf/2104.03691.pdf

Summary and outlook

LMSR, £ =05

boson

> o5
8 10° = G- 1aTev, 13001 ;g?: ==::|£
A 1,7, - n
er W7 W - v 27" > eslup
T . . . . ~ v09 i
o deviation in a,, explainable with low-mass CP-odd Higgs 2 10* £ ATLAS Ay yiicod
% Work in Progress —An> 1t EZAUnoettainty
i

o search A — 77 — ep + 4v presented

Qa major open point: validation of fake estimation method 1
214 !
= currently implementing matrix method % 12E Clstat, | Borst. .-
T 1=
0 08- E
0 aiming for publication in summer 0'610 5073040 5060 70 8090° 100110

My [GeV]
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Thank you for your attention!

Questions?
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Backup
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Backup - Missing mass calculator (MMC)

0 tool to calculate most probable Higgs boson mass for decays to

T-lepton pairs
> inputs: visible lepton kinematics, FM'ss
= uses information about T-lepton decay kinematics
= whole possible phase space is scanned
= some solutions are more likely for given kinematics
= uses likelihood approach to find most likely Higgs mass

0 note for selection: outputs —1 if algorithm does not converge
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Arbitrary units
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Nucl. Instrum. Meth. A 654 (2011) 481
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https://arxiv.org/pdf/1012.4686.pdf

Backup - Selection cuts

0 selecting only events where lepton IDs are Medium, isolation Tight (Tight_VarRad)

ATLAS SR SS VR TVR ZVR SS ZVR
Work in progress low-mass  high-mass | low-mass high-mass
EMiss cut EPiss | >50GeV >30GeV | >50GeV  >30GeV | >30GeV - -
Mass cut? mlt | <45GeV  <65GeV | <45GeV  <65GeV | <65GeV  <65GeV | <65GeV
Angular cut? ARy <0.7 <1.0 <0.7 <1.0 <1.0 >1.4 >1.4
MMC cut MMMGC > 0GeV > 35GeV& > 0GeV > 35 GeV& > 0GeV >0GeV > 0GeV
<130 GeV <130 GeV
Charge cut de - qu -1 -1 1 1 -1 -1 1
b-tag® Np-jets 0 0 0 0 >0 0 0
oo (ot ok ) = (o o + B
PAR = \/(AD)Z ¥ (An)2
85 % efficiency WP
60 st IKTP Tom Kot sige 17013 EATLAS
DRESDEN 22nd of March, 2023 EXPERIMENT



Backup - Z — 77 validation region

® XA — T T T T T g ® T T T T T T T T T ® 1>< (. T T T T T T pau
c E {5=13TeV, 139.0fb" - Data I Mutjet 3 c ¥ =13 TeV, 139.01b7 c T [ -eDam I Mutijet Vs =13TeV, 139.0fb" ]
S Efor B oo 3 S ) S F Sor o Blowomn 500 E
G 35 Fm B BRer T @ G 4B Bl :
3 E-fiim rogess SR Gt ik rogross SR e 120 2R e ok sogess =
E Z51rVR (=05 E Z57s VR, (=05 E Z57TVR, (=05 E
25F E s =
2F E 08F =
15F 3 06 =
= E 04F =
0.5F E 0.2F E
E E 1 £
[=2} (=2 (el a
é 1; = st ) EE 1; [stat. _ [syst. = 5 ::g = [stat.
-] - == = £ ++ o2 - —
O 0.8F + 0 08F 0 08F
0.6 | i | | | | 0.6 B T 0.6 &0y i i | | | |
0 20 40 60 80 100 120 140 0 20 40 60 80 100120140160180200 0 20 40 60 80 100 120 140
pEeP [GeV] ETs [GeV] My [GeV]
Process | Data | Multijet Z/y* —» 17 Diboson W -l Z/y* — 00 Top SM Higgs | total Bkg
ATLAS 313216 37435 + 622 243552 + 1720 4294 + 25 16611 + 764 4845 + 235 3361 + 22 5101 +11 315200
Work in progress (11.9%) (77.3%) (1.4%) (5.3%) (1.5%) (1.1%) (1.6 %)
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Backup - Top validation region
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TLAS 3.5 -ATLAS S =l E ATLAS e B
105 fork in Progress —Ap T 24 Uncerteinty E Work in Progress —Aup 7T UWMY E| 3 jWork in Pro_gress —Aug 7T A Uncertainty —
Top VR, {=05 3 E-TopVR. (=05 - E Top VR, { =05 3
10* 25 ; é 25 ; é
10° 28 P E 2e E
102 155 3 155 E
10 1= E i3 E
0.5E . E 0.5 . E
) =) E =t e 3 o E f ¥ ¥ ¥ |
1. 1.4 : 1.4
2 4 B qpf e + 1 312 S
g R SRS ** 44 2 = I o
8o 8 08E +5 8os ++‘ !
0. i i i i 3 0.6 T Y e 0.6 i i i i i i o
204060 80 100 120 140 0 20 40 60 80 100120140160180200 0 20 40 60 80 100 120 140
p!:adlep [GeV] E_rlv_uss [GSV] Mymc [GSV]
Process | Data | Muliet | Z/~y* > 77  Diboson = W, W —>iv  Z/y* >0 Top SM Higgs | total Bkg
ATLAS 10361 | 201 +26 762 + 24 87+3 53412 1242 8783 + 34 61+1 9959
Workin progress (2.0%) (7.7%) (0.9%) (0.5%) (0.1%) (88.2%) (0.6 %)
o NNLO QCD and NLO EW reweighting applied to ttbar samples
60 st IKTP Tom Kot deroo1a  §)
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Backup - SS "Z — 77" validation region
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jork in Progress — Ao e PAUncorany | Work in Progress — Ao te EAUncorany 1.2 - —#uorr  EAUncerainy  Work in Progress
S Z-tr VR, {u= 05 é 4 88 Z-1t VR, {II: 05 7: 1 :7 88 Z-1T VR, {u= 05
: 3 E 081
E » E 0.6
E E 0.4F
E 1 E 02F
> : o e e NI
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o = [ s + o = [stat | o =
ST i ST e §72
A 08F et ‘ Q 08F ‘ A 08F
0.6 e T T s 0.6 e e S St 0.6 T e
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£ Gev] E£7 [GeV] My [GeV]
Process | Data |  Multiet | Z/4* > 77  Diboson = W, W —>ilv  Z/y* >0 Top SM Higgs | total Bkg
ATLAS 43700 2154 + 411 1263 £ 110 779+ 8 16166 + 725 4475 + 238 374+ 7 21+1 44624
Work in progress (48.3%) (2.8%) (1.7%) (36.2%) (10.0 %) (0.8%)  (0.0%)

TECHNISCHE DPG Dresden 2023
@ UNIVERSITAT IKTP/Tom KreBe slide 20 of 13 ?ATLAS
DRESDEN 22nd of March, 2023 EXPERTMENT



Data/Bkg

Backup - Low-mass signal region

P T T T T © 900 F T T T T > .5 T
[ {s=13Tev, 139.0fb" ~o-Data B Multjet ] € E {5=13TeV, 139.0 fo" ~-0ata I Mutijet » 10 15=13TeV, 130.0 fo! I Mutijet
L M2/ >+ EEOboson ] D800 Ay, B2/ v ElDboson [0} 7, 217 - ¢ B Dlos
1.2F B Wy W o v 12y - eolun —] S E u B Wy W o v 127 - eeluu i Wy W - by [ 27 - oslpu
b OTop [ SM Hig + i} E vo9 (=) I SM Higgs -~ 4 sM
[ ATLAS kgt —Ag 1 700 -ATLAS ket —Ago 2 10" eaTLAS Ao
1 [ Work in Progress —An-r EAUncetainty | £ Work in Progress —Aner EZUncerainty c Work in Progress
[ LMSR, £=05 | 600 ELMSR. €205 o 5
0.8 ? 7; 500 ; i 10
06 = 400 102
F ] 300
0.4 — E
g 1 2008 10
0.2 — E
g 4 100 E 1
o (=]
12 = [ é 1; = [stat C_E lg [Jstat.  [syst.
2 512 512
= © = @©
0.8 0O 08F 0 0.8 =
0.6 | i | | | | 0.6 B T 0.6 i T
0 20 40 60 80 100 120 140 0 20 40 60 80 100120140160180200 10 20 30 40 50 60 70 80 90 100110
p'f“'e" [GeV] ET® [GeV] My [GeV]
Process | Data | Multiet | Z/4* > 77  Diboson = Wr*, W »lv  Z/y* >t Top SM Higgs | total Bkg
ATLAS - 191 + 26 937 + 34 108 +2 63+11 16+£5 138+ 5 671 1518
Workin progress (12.6 %) (61.7%) (7.1%) (4.1%) (1.0%) (91%)  (4.4%)
a signal scaled with ¢y = 0.5
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Backup - High-mass signal region

o X100 T T T T ] 1%} R RARS A EAs R EER RS RS R > 10° e
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] FAsor [E52/y' > s EDboson = ] Easer [E52/y' > s EIDboson 0] g 2y >+ EED
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C ATLAS e Aptt mmAg ot ] E ATLAS Aot m—Ag it i) ATLAS A
1 —Work in Progress — Ao rr EAUncerainy  —| 600 |- Workin Progress — A 5r EZAUncertainty c Work in Progress —Aue— e P2 Uncertainy
[ HM SR, §V= 0.5 | E HM SR, {v=0.5 g HM SR, {“=0>5
0.8 3 500 m
06F 3 400 ?
04 £ 1 300
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02p 100E- 1
=2 j=2} (=2
S 12f e B | 3E e g14E
g9 g9 g5
S 08t S 08E S I S
O 0.8F 0O 0.8E o 08F =
0.6 | i i i i i (O S B B e 0.6 B T T
0 20 40 60 80 100 120 140 0 20 40 60 80 100120140160180200 40 50 60 70 80 90 100110120 130
p'f‘d'eD [GeV] ET® [GeV] My [GeV]
Process | Data | Muljet | Z/4* > 77  Diboson W, W —>lv  Z/y* > ¢ Top SM Higgs | total Bkg
ATLAS - 153 £ 26 2910 + 42 369 +4 109 £ 53 71+16 540+ 9 270+ 2 4422
Workin progress (3.5%) (65.8%) (8.3%) (2.5%) (1.6%) (12.2%)  (6.1%)
a signal scaled with ¢y = 0.5
DPG Dresden 2023
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Backup - High Level Triggers

Short version | period trigger name
e7mu24 2015 HLT_e7_lhmedium_mu24
e7mu24 2016-18 | HLT_e7_lhmedium_nod0O_mu24
el7mui4 2015 HLT_el17_lhloose_mul4d
el7mui4 2016-18 | HLT_e17_lhloose_nod0_muld
e26mu8 2015 HLT_e24_lhmedium_nodO_L1EM20VHI_mu8noL1
e26mu8 2016 HLT_e26_lhmedium_nodO_L1EM22VHI_mu8noL1
e26mu8 2017-8 HLT_e26_lhmedium_nodO_mu8noL1

60 st IKTP Tom e, .
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Backup - Additional plots low-mass SR
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Backup - Systematic uncertainties in the low-mass SR

TECHNISCHE
UNIVERSITAT
RESDEN

22nd of March, 2023

Process | Z—7r | Muit | Top | Diboson | Z—il | Wn~x, W —lv_ | SMHiggs
ATLAS
Systematics group Work in progress Relative uncertainty in %
. F2.42 F0.17 +9.14 352 +0.49
~0.64 -0.68 ~1.20 —0.04 —0.27
F1.66 3020 026 +0.02 F0.24
ELEFF -1.65 -0.29 -0.26 -0.91 -0.24
a7 018 183 F0.45 $0.00
MUON ~0.11 -0.33 ~1.94 ~1.01 -0.05
160 a2 276 2.00 120
MUON_EFF -1.60 -1.42 -1.78 -2.00 -1.20
= $0.00 $0.00 $0.00 $0.00 +0.00
—0.00 -0.00 —0.00 -0.00 -0.00
3053 172 192 3027 +0.65
JET_EFF -0.58 ~1.64 -1.95 -0.30 -0.61
VET +3.33 170 1025 +3.84 +0.33
-1.82 —2.02 —2.31 -3.67 -0.29
156 +10.40 $0.96 0.7 F0.07
FT_EFF -1.59 -9.93 -0.95 -0.96 -0.96
- 21 $0.09 $0.00 $0.00 F0.61
-3.34 -0.08 -0.67 -1.93 -0.71
1081 $0.00 $0.00 $0.00 $0.00
QCDFF -10.59 -0.00 -0.00 -0.00 -0.00
11z 12.27 $0.00 $0.00 +0.00
TTBar —1.01 -13.26 -0.00 -0.00 -0.00
+3.20 +0.00 +0.00 +0.00 +0.00
Ztautau_MCGenSys -1.41 -0.00 -0.00 -0.00 -0.00
F2.44 $0.00 +0.00 +0.00 +0.00
Htautau_NJetwt -2.46 -0.00 -0.00 -0.00 -0.00
; $0.00 $0.00 $0.00 $0.00 $0.00
Diboson_MCGenSys -0.00 -0.00 -0.00 -0.00 -0.00
ot syetomatics +16.34 576 190
4 -16.85 -4.90 -1.86
statistical | | [ 312 | | | +1.22
nominal T 1 18770 | 1 1 66.56
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DRESDEN

Backup - Cutflow for A70 in the low-mass SR

ATLAS workin progress

AOD
DAOD HIGG3D1
>= 1 muon

>=1 electron

E-Mu or single lepton trigger

trigger efficiency threshold cut

9e* qu=-1
Mpjers = 0

IVT & FIVT SF

ATLAS Workin progress | Events passed

presel
EMU triggers
Nep =2
lepton ID medium
lepton isolation tight
mymc > 0GeV
EP™ > 50GeV
mit < 45GeV
ARy <07

lepton SFs

TECHNISCHE DPG Dresden 2023
UNIVERSITAT IKTP/Tom KreBe
22nd of March, 2023

Events passed | Efficiency | Cumulative Efficiency
203000.0 1.000 1.000
26351.0 0.130 0.130
19230.0 0.730 0.095
6685.0 0.348 0.033
6002.0 0.898 0.030
5342.0 0.890 0.026
5261.0 0.985 0.026
4920.0 0.935 0.024
4920.0 1.000 0.024
Efficiency | Cumulative Efficiency

26098.3 1.000 1.000
19397.0 0.743 0.743
19303.3 0.995 0.740
17871.8 0.926 0.685
12706.8 0.711 0.487
12228.0 0.962 0.469
3603.4 0.295 0.138
24743 0.687 0.095
786.2 0.318 0.030
729.5 0.928 0.028
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Backup - Signal acceptance

L T T

i ATLAS ]

9 OOOGT Work in Progress ° -
N [ -
R h . ]
0.005- -
L ° ]

0.004 - . . -
L [ ] ]

L ° 1
0.003- . -
L ° ]
0.002- o . 7
i | | | | 4

| L L L PRI TR
20 40 60 80 100 120
m, [GeV]
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Backup - Signal resolution

¥4 F T T T T T 3 §%) 220 T T T T | » 70F T T T T T T |
§ 600 ; _ A20 ST Ei?.;fye\/, 139.0 for { § 200 ; _ A70 ST Ei‘i;ev‘ 139.0 fo é § 60 ; _ A110 ST fi‘i;&ev‘ 139.0 fo E
w C 7 . resolution LM SR | w E . resolution LM SR 3 w |- . resolution HM SR B
500 Uncertalntyg;T,'kﬁS;,gms E 128 3 Uncertalnty‘:,',';,T,'k;f{s‘,?ggress E sl Uncerta'”t)’g;kﬁ,gmss E
400 F- - E 140 - E E o E
g 1 00 I ]
300 E 100 = 30F E
E | 80 - E E
2005 E 605 3 20 3
100 E 40E E 10F E
E E 20F E E E
o f t t t f + o E o t f f f t }
& 13’ [ stat. E & 3 &5 15F st 3
s 4 s 15F 3 F E
© = © = © qi
0 08EF 3 a 1 a £ E
0.6 ] ‘ . 3 ‘ . B 1. 1
0510 15 20 25 30 35 40 2030 40 50 80 70 80 90 40750 60 70 80 90 100 110 120 130
Mymc [GeV] Mymc [GeV] Mymc [GeV]
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Backup - Influence of generator systematics on expected
limits

Z - tt: max. 14% tt: max. 1.4% Diboson: max. 0.3%
= ATLAS vk e [ ——— PET— e B oGeA B o royr it ATLAS vtk e B ceA B royr it
- e O e s, e O e v s, T
2 AT, ——— Exp.limithoGensys A1, Exp. Newsins. AT, ——— Exp.lmitNoGensys
3
&
<
&
<
@
X
T 41 4 E
8 E
©
L L L L L 1 1 L L L L 1 L L L
20 40 60 80 100 20 40 60 80 100 20 40 60 80 100
m, [GeV] m, [GeV] m, [GeV]
o E 7 - R
ook
b 3
3 M \ E
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Backup - STAT only expected limits

10| ATLAS Work in Progress it 5P 0189724 X BUA > i) it
Vs = 13 TeV, 139.0 fb, 95% CL :I_ e
A-T,T, Exp. withSys

o(gg—A) x B(A—>r,ep1,ep) [pb]

1= -
N RS HE R B
20 40 60 80 100
m, [GeV]
u7§ \ e i
= 20 40 60 80 100 =
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(B-8,)/8 [o]

Backup - Fit check - pull plots

EDM = 0.000000

R S

-2

o fit with Asimov dataset for cross-section limit

o fit with Asimov dataset for cross-section limit
o signal A80 in the high-mass SR

o signal A50 in the low-mass SR

DPG Dresden 2023
TECHNISCHE
@ UNIVERSITAT IKTP/Tom KreBe slide 32 of 13 ?ATLAS
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Backup - Fit check - correlation matrices

low-mass SR
SigHecOversM
apha ATLAS_Diboson MU
[ oo rurs ovosen POF o socer

I e prins T
LA LM
MET SotTh_RescPa

ATLAS
Work in Progress

o Zavtay
aipha ATLAS x50
stat_me b
o_1p_05_BVETO_StaL "
aipha_QCDFF 0.

. alpha_QCDFF. 1p_0S_BVETO.S
B ;_BVETO_syst

14

alpha_QCDFF©
aipha_Ztautau NJetWi_DATA

e Ziautau MWLM

aipha Ziautay_NJeW1SYS

o fit with Asimov dataset for cross-section limit
a signal A50 in the low-mass SR

high-mass SR
S\;WVSM .
ipha ATLAS.Diooson_Mef
B . sruss. 6 RESOWTON AL o socer
pha ATLASLUMI
TLAS MET_SolT RosoPra
ATLAS MET_Sofrk_ResoPerP
i ATLAS MUON EFF 15058 ATLAS
apha ATLAS TTBar ISR Work in Progress

1] e A zvtas WF

B o smuro Zawias POF
e ATLAS Zautas 9755

e ATLAS_xseo_ DIoosan
aipha_ATLAS xse TP

[ o pruns sooe 20
0_1p_0S_BVETO.

[ R e 2o 5"

o fit with Asimov dataset for cross-section limit
u signal A80 in the high-mass SR

DPG Dresden 2023
IKTP/Tom KreBe

TECHNISCHE
@ UNIVERSITAT
DRESDEN 22nd of March, 2023
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Backup - Pruning of systematics

u following procedure from V Hbb Run 1 analysis:

= smoothing of uncertainties
= neglect normalization uncertainties if:
= variation is smaller than 1 %
= neglect shape uncertainties if:
= no bin has deviation greater than 1 %

a only the following experimental NPs survive pruning for at least
one SR and signal:

TECHNISCHE DPG Dresden 2023
@ UNIVERSITAT IKTP/Tom KreBe
DRESDEN 22nd of March, 2023

ATLAS_btag_b_0

ATLAS btag_b_1

ATLAS btag_c_0

ATLAS btag_light_0

ATLAS_EG_RESOLUTION_ALL

ATLAS_EG_SCALE_AF2

ATLAS_EG_SCALE_ALL

ATLAS_EL_EFF_ID_SIMPLIFIED_ UncorrUncertaintyNP2
ATLAS_EL_EFF_ID_SIMPLIFIED_UncorrUncertaintyNP11
ATLAS_EL_EFF_ID_SIMPLIFIED UncorrUncertaintyNP13
ATLAS_EL_EFF_Reco_CorrUncertaintyNPO
ATLAS_JET_fJvteff

ATLAS_LUMI

ATLAS_MET_SoftTrk_ResoPara
ATLAS_MET_SoftTrk_ResoPerp
ATLAS_MET_SoftTrk_Scale

ATLAS_MUON_CB

ATLAS_MUON_EFF_IS0_SYS
ATLAS_MUON_EFF_TrigStatUncertainty_el7mul4
ATLAS_MUON_SAGITTA_RESBIAS

ATLAS_MUON_SCALE

ATLAS _pu_prw
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Backup - Signal modeling systematics

S I e T AL S e e
foan L ATLAS Work in Progress 4
g 6-  pixp ]
T [ Sp T ]
5 L i
0 estimated uncertainties from FSR scale, ISR scale, o 4T ]
multi-parton interactions, color reconnection, scale > L 1
variations, as variations and PDF variations 2r ]
o 7
o example for scale variation uncertainties in higher p*T“ [ ]
bin (99 % of statistics): -20 ]
S 3
20
m, [GeV]
DPG Dresden 2023
TECHNISCHE .
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Backup - Experimental uncertainties

a following CP group recommendations for full Run 2
data

0 large number of NPs for “EL_EFF” due to 3 triggers
and uncertainty scheme 1NP_v1 with many NPs

TECHNISCHE DPG Dresden 2023
@ UNIVERSITAT IKTP/Tom KreBe
DRESDEN 22nd of March, 2023

[ome [omome G o]
NP name Description Work in progress NPs
“LUMI” Integrated luminosity measurement 1
“MUON" muon resolution and energy scale 4
“MUON_EFF” muon systematics from including trigger, 9
reconstruction, isolation and identification
‘EG” electron resolution and energy scale 3
“EL_EFF” electron systematics from trigger, recon- 176
struction, isolation and identification
“MET” E.rr"iss soft term resolution and scale 3
“JET” jet energy scale and resolution 17
“JET_EFF” jet vertex tagging efficiency 2
“btag” flavor-tagging 11
“PRW” pile-up 1
slide 36 of 13 ATLAS



Backup - Theoretical uncertainties

cross-section uncertainties
> following PMG recommendations
fake factor systematics

= taking into account statistical uncertainties on data
+ MC and experimental systematics

= smoothed by smoothing algorithm, statistical
uncertainties decorrelated for each bin

generator uncertainties for Z — 7, diboson and ¢
samples

Z — 77 reweighting uncertainties

= taking into account statistical uncertainties on data
+ MC and experimental systematics

signal modeling uncertainties for model-dependent
search

DPG Dresden 2023
IKTP/Tom KreBe

TECHNISCHE
@ UNIVERSITAT
DRESDEN 22nd of March, 2023

ATLAS
NP name Description Work in progress NPs Order
“xsec_Ztautau” Cross section prediction un- 1 5%
certainty
“xsec_Diboson” Cross section prediction un- 1 71%
certainty
“xsec_Top” Cross section prediction un- 1 4.4%
certainty
“QCDFF ” Fake factor systematics 29 -
“TTBar” Top modeling systematics 5 -
“Ztautau_MCGenSys” Z +jets generator systematics 5 -
“Diboson_MCGenSys” Diboson generator systemat- 3 -
ics
“Ztautau_NJetWt” Z —-TT Nyes reweighting 3 -
uncertainty
slide 37 of 13 ?ATLAS




Backup - Z —» 77 generator systematics

u following PMG recommendations for weak boson g 30_*‘ T T 7

processes > - ATLAS Work in Progress ]

c C I ]

S 20 Scale Var ag Var R

0 estimated uncertainties from scale, as, CKKW, QSF g [ PDF Var CKKW Var |

and PDF variations < [ — QSF Var Total ]

> 10~ -

0 insufficient statistics in SR . ‘

0 ]

= relative uncertainties estimated in ZVR £ f } =

= additional cut njers > 0 in ZVR to get closer to SR 10 ]

= relative uncertainties applied in SR S IV N S

PP 0 20 40 60 80 100 120 140

o recently integrated in fit My [GeV]
60 st IKTP Tom Kot side3sois  QATLAS
DRESDEN 22nd of March, 2023 EXPERIMENT


https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/PmgWeakBosonProcesses#V_jets

Backup - Diboson generator systematics

a following PMG recommendations for weak boson
processes

T | L B B B
o = 4
. L > 25:_ ATLAS Work in Progress =
0 estimated uncertainties from scale, as and PDF < E E
variations & 20 — Scale Var — ag Var -
o C 7
g 150 — PDF Var Total
o CKKW & QSF need explicit variation samples that are > 100 —
not fully available according to PMG E I E
5= =
= neglected, since Diboson is only a minor E ;
background in this analysis Uy 3
0 insufficient statistics in SR _5;’—- ’
> relative uncertainties estimated in ZVR _10; T

> additional cut njers > 0in ZVR to get closer to SR 0 20 40 60 80 100 120 140
= relative uncertainties applied in SR My [GeV]

o recently integrated in fit

DPG Dresden 2023
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https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/PmgWeakBosonProcesses#V_jets

Backup - Baseline selection and trigger

1%}
A

o combination of electron—muon triggers

0o opposite charge

muon pT [GeV]
©w
=

0 loose lepton isolation and ID

0 reject events with b-tagged jets =1

0 overlap removal: 20f

removed object | kept object | angular separation AR5 8¢

electron muon 0.2 10}

jet electron 0.4

jet muon 0.4

5 10 15 20 25 30 35
electron pT [GeV]

SAR=\/(A®)2 + (An)?

@ TECHNISCHE DPG Dresden 2023
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Backup - Systematic uncertainties

2 30- 4 .
0 experimental sources: > - ATLAS Work in Progress ]
£ —— Scale Var — ag Var
L I S 20~ .
= efficiencies, detector calibration 5 - —— PDF Var —— CKKW Var 1
o L 4
0 data-driven Multijet estimation 5 10~ QSF Var Total—;
a generator uncertainties for Z — 77, Top, Diboson and signal 0_ 4
] B
> including scale, PDF, as, CKKW and QSF variations -—I i :
-10= ]
o Z — 77 reweighting uncertainties r I
e b b e b b b b 1 d
0 20 40 60 80 100 120 140
— more about uncertainties in the following talks! Mywc [GeV]

Z — T7 generator uncertainties
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