Irfu
|

Measurement of the top Yukawa
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CPV in the Higgs sector

CP violation (CPV) is one of Sakharov’'s conditions to allow Baryon Asymmetry of the Universe (BAU).

Standard Model does not (yet) provide enough CPV sources to describe BAU observed from cosmological sources.
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Higgs sector is a good candidate for new CPV sources investigation : El = A
* Linked to BAU via electroweak baryogenesis ETQ 10— izl%ﬁepfj;?c’;}jf’ —
* All Higgs couplings not yet tightly experimentally constrained k 10— S S —
Top quark is the most strongly coupled SM particle to the Higgs boson, probed at 10/ —

Leading Order by ttH and tH production.
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https://www.nature.com/articles/s41586-022-04893-w

CPV in the Higgs sector

CPV modelled in the Higgs-top coupling by the (k,a) framework :

:SEH = —m;ytqb@t(cos ol + ify5 sin )y

CP-even CP-odd

At large a, tH cross section is enhanced, bringing a strong interest to consider it alongside ttH.
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| ATLAS Simulation 5-13Tev,1391° | CPV probed either via a likelihood profile fit or
—ttHinc. rederived from STXS W values.

Higgs decays at m«=125GeV
1OE —tHjbinc. -

— WHine. Largest branching fraction for H-bb:

Prediction normalized to SM

* Single channel with highest availbale statistics
* Important tt+jets background contamination
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.061802

Overview

“State of the art” Run 2 ttH and tH(bb) measurements
- CMS ttH+tH(bb) CP interpretation + STXS (|/HEP 02 (2025) 097)
- ATLAS ttH+tH(bb) CP interpretation (PLE 829 (2024) 138469)
- ATLAS ttH(bb) STXS (EP|C 85 (2025) 210)

Phenomenology study arxiv:2406.03950
- Relevant (new) observables sensitive to CPV
- Expected sensitivities

Perspectives and outlook
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https://link.springer.com/10.1007/JHEP02(2025)097
https://www.sciencedirect.com/science/article/pii/S0370269324000285
https://doi.org/10.1140/epjc/s10052-025-13740-x
http://arxiv.org/abs/2406.03950

CMS ttH+tH(bb): event selection

Baseline selection of events in 3 categories based on top decay channels, main cuts being:

m, excluded

Channel Fully Hadronic (FH) Single Lepton (SL) Dilepton}(yv
Niep = 0 Niep = 1 Niep =
Lepton flavours e*/pt @ipi
# jets =7 =5 =3
# b-tagged jets =2 =4 =3

Minimum number of jets required smaller than LO ttH prediction, designed to balance ttH signal
efficiency and tH signal acceptance.

Three orthogonal tt+jets background model categories:
- tt+B: =1 additional jets with =1 b-hadron
- further split in ttH+b and ttH+2b
- tt+C: =1 additional jets with c-hadrons and no b-hadrons

- tt+LF: remainder
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CMS ttH+tH(bb): Signal and background regions

In each channel, an ANN is trained to separate signal from tt+jets backgrounds for each Run 2 data-taking year.

FH channel: Label: 7 or 8 (9) jets 30 < mgq < 60(72) GeV
60(72) < mgyq < 100(90) GeV or
For each SR are defined 2 mutually — : 100(,90), < Mgqq < 250 Gev
lusive CR with | b-t . 2 b tags training region (TR) validation region (VR-TR)
exc u§|ve with looser b-tagging >4 loose b tags QCD events for ANN training input variable validation
requirement:
3 b tags evaluation region (ER) validation region (VR-ER)
>4 loose b tags  discriminant shape for OCD discriminant shape for QCD
>4 b tags signal region (SR) validation region (VR-SR)
analysis region comparison of QCD shape with data
SL and DL channels: Compute mqq from pair non b-tagged jets with mass closest to my

SL: (=6 jets, =4 b-tags) and (5 jets, =4 b-tags)
DL: (=4 jets, =3 b-tags) and (3 jets, 3 b-tags)

Multiclassifier ANN output based discrimination to define SR cuts.

O(ttH) O(ttH)

NS = O0EH) + O + b(3) + O + 2) ¥oL = 500 + o)
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CMS ttH+tH(bb): u:x» measurement

tH assumed to follow SM prediction, treated as background.

CMS 59.7 fo (13 TeV)
& T T I T I T T T I T I T I T T R T
S 40¢ [ FH SL Qch  mtiB Eic Wil mt DL Postfit
i ttv Vjets Mty BYY @tHW
10° F >4 b-tags >4 b-tags tHq —ttH ¢ data MG >3 b-tags
7 jets 8 jets >9jets [5jets >6 jets 3 jets >4 jets
4
10 tiLF, ttC, tt+2b cats. ttLF, ttC, tt+2b cats. tiLF, ttC cat
h h U tHG  tHW ttH / tteb(b) [ tHg AHW  ttH/ ttb(b) | itH / 1B
10° cat. |cat.|cat. cat. | cat. cat. cat.
a . .
L
10
10

Events/bkg
5

Measured production rate smaller than SM prediction.
- ttB (ttC) normalisation parameter fitted at 1.19,2"%'3 (1.07.0.16"%%)
consistent with inclusive itbb and tfcc cross section measurements.

- Large impact of gluon-splitting uncertainty, a-priori knowledge does
not reflect the data distributions.

@ Léo Boudet

2018 discriminant bins

FH

SL

DL

2016

2017

2018

Combined

CMS 138 b (13 TeV)
| | | | I I | I | I
tot exp. i tot  stat syst

5 1049 +0.24 +0.42
HimH 0.84 Zo46 024 039
1033 +0.21 +40.25
HE g 0.46 ‘53 021 o2e
1041 +0.31 +0.26
ikl -0.23 "4 031 029
1042 +0.25 +0.33
Hilg 0.49 “040 025 —032
1038 +0.24 +0.29
Hi 0.32 537 024 -028
1034 +0.21 +0.27
HH 0.23 J534 021 027
§ 1026 +0.17 +0.20
H 0.33 To26 ‘016 -0.21
| ] ] | ] ] ] ] | ]
0 5 10
il =06/0g,,
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https://arxiv.org/pdf/2309.14442
https://arxiv.org/pdf/2012.09225

CMS ttH+tH(bb): u:» measurement

ttH cross section assumed to follow SM prediction, Simultaneous fit of ttH and tH signal strengths.
treated as background.

CMS 138fb~1 (13 TeV) LCMS 1380 (13TeV)

¢ observed --- expected ¢ expected
I =1 SD expected +2 SD expected -+ observed, best fit (M, Man) = (-3.83, +0.35)
Min =1 | —— 68% CL
| -- 95%CL ]
48.0+2%9 2+ -
48.1 i ]

—120

L T T l T T 1 [ T T T | T i T l T T 1 I T

M ttH
-2 Alog(L)

15

2016

30.2+348

2017 165

31.2+153

2018 31.4

49.2+219

DL 275

27.0+145

SL 25.0

19.3+32
14.6

[l L I L I L | L L I | L L L | L

0 20 40 60 80 100 ]
95% CL limit on Py MiH
Weak correlation

- discrimination well achieved by the analysis.
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CMS ttH+tH(bb): STXS measurement

STXS measurement performed in bins of p"in SL and DL regions only confirms signal strengths smaller than 1,
post-fit value of ttB background normalisation compatible with inclusive measurement.

CMS 138 fb! (13 TeV)

| I I | | I I | | I

tot exp. i tot  stat syst

Pt [0, 60[ (GeV)| ~—mt 0.23 35 1151 T3

pHe[60, 120[ (GeV)| ~—m— 006 % 13 05

pH e [120, 200] (GeV) w114 9% 0% 0%

p  [200, 300] (GeV) H_._H 0.19 "% 0% oo

Pl < [300, o[ (GeV) | wm—s | | 120 "G5 0% 0
| | | i | | | | | | |
0 5 10

[l =G6/0g,
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CMS ttH+tH(bb): Yukawa coupling measurement

Both ttH and tH as signal in the fit, ky fixed at 1 for CP
mixing angle a measurement.

No 95 % CL exclusion on a from this analysis alone
but performs a combination with :

- ttH(yy)
- ttH(ZZ)
- ttH/tH(WW/TT)

Combined limits: cos a > 0.39 at 95% CL.

e |al < 67°

g Léo Boudet

CMS 138fb~1 (13 TeV)
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https://arxiv.org/abs/2003.10866
https://arxiv.org/abs/2104.12152
https://arxiv.org/abs/2208.02686

ATLAS ttH+tH(bb): STXS and CP interpretation

Single and dilepton top decay channels only. Same strategy used for background modelling in both STXS and
CP analyses:

Use of a transformer MVA to classify background events into SR and CRs:

-tt+=1b
- tt+71B sub-CR for large radius jet compatible with boosted bb added for STXS measurement
- tt+=2b sub-CR added for STXS measurement

-tt+=1c
- tt+light
CP interpretation (PLB 829 (2024) 138469) STXS measurement (EP|C 85 (2025) 210)
CP-sensitive observables used for to constrain a in SR: STXS fit with bins of pf:
(Pe x t) - (g X )
1 lepton: by = \]7 Hﬁ_| [0, 60, 120, 200, 300, 450, + ] GeV
t11Pt

Boosted SR: dedicated BDT

4

2 leptons:

iz
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https://www.sciencedirect.com/science/article/pii/S0370269324000285
https://doi.org/10.1140/epjc/s10052-025-13740-x

ATLAS ttH+tH(bb): CP interpretation

No 95 % CL exclusion of a obtained from the fit.

Uncertainties dominated by modelling of tt+b background:

2500

2000

Events / bin width

1000

0.5

- 4 vs 5 FS generation, NLO matching, PS and hadronisation.

T normalised to data yield

— ATLAS
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ATLAS ttH(bb): STXS measurement

No signal strength measured for tH.

Outputs of the transformer MVA combined into a discriminant du to bin every STXS region.

d; = b Ny =N/ S Ny

Zz’;é j Py 1Vi ki
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5 ~ ATLAS ¢ Data W iH . | | ] : | | :
- -1 —_ - T
" goof- s = 13TeV, 140 fb Ott+>2b @tt+1b — ATLAS f®iTotal Unc. mm Syst.only [ Stat. only SM + Theory
- Single-lepton Wit + 1B Ott+=1c . -1
700;_ ey | SR Wi light T2 E Vs =13TeV, 140fb~', my=125.09GeV Total ( Stat. Syst.)
- Postit, u = 0.81 5 tOM; ,LVJV +jets S pf €[0,60) GeV |- F—— 125 1088 0% 104 7
. ther 7~ Uncertainty 7]
600 . H i 077 *+054 +041 +0.35 |
C ] pYe[60,120) GeV e . -052 - 040 - 0.32
500 ]
c . 0.46 0.34 +0.31
a0k 1 ptel120,200) GeV |- =—— 088 g4 o33 o028 7]
- ] . 0.44 0.36 +0.26
ook 1 pYe[200,300) GeV |- ——i 0.77 “ga 035 - 024 .
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pH €[300,450) GeV |- H=—= 027 “ges o4z - 033 .
0.89 0.76 +0.4
pt €[450, ) GeV |- === 063 “0gs o7 - ous 7]
5 O —— : Inclusive |- et 081 0% Ion fois
g o E | | | | | | |
3 1%&%//////%;{%///74/%//%%%//%; 0 ! 2 8 4 5 6
S o 9—_ " Opn/ oSM
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Alternative ways to constrain top Yukawa coupling

Comparable CMS and ATLAS results:
- H-bb channel alone weakly constrains the a angle
- ATLAS analysis gives slightly more precise signal strength for the STXS

Limits obtained via MVA :
+ optimally stringent limits
- training relies on assumed theory model

STXS results:
+ minimizes dependence on theory uncertainties
+ easier combination with other analyses
- limits not as constraining as from MVA

Phenomenology ttH study presents a possible extension that enhances the CP sensitivity of STXS.

Idea: adding a second dimension to the p:" in the STXS regions definition.

g Léo Boudet 26/05/26
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Observables sensitive to CPV

observable definition frame
Pr.H - lab, tt, ttH
Anyg 7 — 1] lab, H, ttH
AOII ‘@g _ Ol_| ]ab: H ﬁfH
.rr.} — ( Fy— 2 f I3 .Y 1 e 1T
147 pe + pr) rame-invariant
myi (1 i + o)’ frame-invariant
(TH P+ pr+pu) rame-invariant
| cos 0% pyn| "
P[]
by (B xn) (pixn) all
PTePr§
b, vt all
2 pe| Ipzl
Py P
" L E
bs p—— all
b, Pi_P; all
1 pe| Ip7l
- (Pp, XPp., ) (P XPg
{D(ﬂ' arccos | 71 pz} ( t t)l H
I pPlePz‘ P %Pyl

g Léo Boudet

n = unit vector on the z axis.
Angular variables taken from dedicated Higgs CP
theory publications (1, 2, 3, 4).

Observables accessible at reconstructed level
without top-antitop distinction.

Considering multilepton, bb and yy decays.
- Focus on bb channel.

- Quantify which observable is best paired up
with p:™ for sensitivity to non-zero a.
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https://link.springer.com/article/10.1007/JHEP06(2018)079
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.76.4468
https://arxiv.org/abs/2008.13442
http://dx.doi.org/10.1103/PhysRevD.16.2219

Observables sensitive to CPV: examples

b, — (Ptxn) (pgxn) by — Pi P}
Parton level Ipe] Pl Parton level Pl [Pl
| a=0° a = 35° — a =45 — a=90° | a=10°" a = 35° — a=45" — a=90"__
ttH (parton) | — ttH (parton)
0.201 lab-frame 1 0.12 — — lab-frame |

Z (.10t —1

0.08 —|_‘—E T

= 0.15}

< 0.10}

Normalized distributions
Normalized distributions
(]
(=]
o

. _I_IZ
0.04} —
0.05} = |
= 0.02
— ] . —
. N . L 1 , \ .
0-00775 05 0.0 0.5 1.0 00015 05 0.0 0.5
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g — M Z Sz‘2 _ \ 2Ny Z n; In 7:_; "‘@‘@jSM expected signal yield

SM expected signal yield
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Mimicking detector effects

Analysis accounts for:

* BR per channel

* ATLAS detector acceptance

* Efficiency factors

* Smeared the Higgs and top/antitop for resolution

- Performed for three channels separately, validated from ATLAS and CMS public results.

@ Léo Boudet
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Observables sensitive to CPV

1 - Comparison of significances of different p' x observable/frame possibilities with standard binning.

2 - Optimize binning for most promising: p:™* with A« (lab.), b, (Iab.), An.(tt), 6*, b, (tt).

3 - Final significance estimation:

a; =35  #H @ L£=300fh""  comb. w/ plb,
H _> ﬁrrﬁ‘r-’
0.94

Multilep. 0.93 0.92 0381

H — bb 0.55 0.55 055 0.51

Combined

PrH  Ady b b An;  |cos 6%
U o 1 2 i | _/l
~ ~
lab frame tt frame
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Expected constraints on a angle

Comparison of expected exclusion limits on a depending on u«x for p™ alone vs 2D analysis using the best
observable 6*tto pair with p (95 % CL).

Trained on all observables from

Piy (P, | cos 67)) dets T BDT 0
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Conclusion and outlook

* Phenomenology study included detection effects, selection efficiencies - mimic data efficiency and resolution
* Shows reasonable competitiveness of 2D binning with MVA strategies

* Easier reinterpretation of results for combinations and theoreticians

* Five main candidates retained to extend p:" based STXS measurement :

- A(I)tt (Iab), b1 (Iab) , Ar]tt (tt), g*t , bz (tt)

* Yet to be implemented with LHC data = Ongoing ttH+tH(bb) ATLAS analysis for CPV reinterpretation + STXS

* Will be comapred with latest ATLASS ttH+tH(yy) constraints on |al > 38° at 95% CL

5 °r ]
- ATLAS internal B —— Run2 —— 95%CL A
G | vs=13Tev, 1400 Run3 ——- 68%CL |
3 Vs=13.6TeV, 164 fb —— Combined X SM

217 fHH, H > vy
| Observed

o
UL
|

4 N
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CMS ttH+tH(bb): Analysis strategy (CP)

O leptons

1 lepton 2 leptons
>7 jets, >4 b-tags >6 jets, >4 b-tags 5 jets, 24 b-tags >4 jets, =3 b-tags
(7))
multiclass multiclass multiclass %
ANN ANN ANN -
@]
c g aEm A A
2l zll2ll=zllels = — @
L < TR Q| = || 2 || 2 Q
S S S R E S E R R E S E R B R N E E e
8 3 3 = A = 14 = -
Z Z Z =z
=2 =z =z pd
< < < <
P P F >
e & e | | | g
ol ° i) | | | S
Y \ J \J Y Y \J  J Y \/  J  J  J \J
Y o

]

o]

B

"/

[:] Distribution in template fit, event yield (Y), ANN output (O), likelihood ratio of ANN outputs (R)
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What is the fit performed on to extract p?
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CMS ttH+tH(bb): Analysis strategy (STXS)

0 leptons 1 lepton 2 leptons
>7 jets, 24 b-tags >6 jets, >4 b-tags 5 jets, >4 b-tags >4 jets, =3 b-tags
multiclass multiclass multiclass
ANN ANN ANN
c g I
Bl = 21228 = || o = 2| e =
o) TS| = LIS L]] =2 (2Ll =
Nl % oo % = % 5] \E 'é =] = E ;E = |E Ij-; =} = ..j_:, '.:E =1 =1 = B
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H reconstruction R \ R R \ \
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i ey ey |
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) : o o S
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E] Distribution in template fit, event yield (Y), ANN output (O), likelihood ratio of ANN outputs (R), product of likelihood ratio of ANN outputs and STXS ANN output (RxO)
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CMS ttH+tH(bb): Uncertainties

@ Léo Boudet

—— Fit constraint (obs.)

Fit constraint (exp.)

+1o Impact (obs.)

+1o Impact (exp.)

— -1o Impact (obs.)

-1o Impact (exp.)

CMS H=03370%
Collinear gluon splitting ' I —— I I — I S I
ttB normalisation 1.19 1033
PS scale ISR (tiB) Py
QCD normalisation (= 9 jets, 2018) . 0.964ﬁ8j812 |
QCD normalisation (= 9 jets, 2017) 0.966*3918 -——-
QCD normalisation (= 9 jets, 2016) 0.982+3%! -—-
QCD normalisation (8 jets, 2018) 0.982:393% -—-
Jet energy scale (1) ' -—-- ' -—-
ME-PS matching (ttLF) — —
MC stat. (1) L —— —
QCD normalisation (8 jets, 2017) 0.9799912 - —
Jet energy scale (2) .._._._. -—-
QCD normalisation (7 jets, 2017) 0.99170014 —_—
QCD normalisation (8 jets, 2016) 0.9919014 -—-—-
Underlying event (tt) : '—"—' 7 '—'—'
0. (renorm fiact. scales) I S— ——
MC stat. (2) — R
MC stat. (3)| =——e—— -—-
QCD normalisation (7 jets, 2018) ' 0.98ft8;888 | -—-
Jet energy scale (3) ._._. o | . - -r—- . . | .
-1 0 1 -0.1 0 0.1
6-06, /06 Aj
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Events

Data / Pred.

ATLAS ttH(bb): background
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CMS ttH+tH(bb): Uncertainties

@ Léo Boudet

—— Fit constraint (obs.)

Fit constraint (exp.)

+1o Impact (obs.)

+1o Impact (exp.)

— -1o Impact (obs.)

-1o Impact (exp.)

CMS H=03370%
Collinear gluon splitting ' I —— I I — I S I
ttB normalisation 1.19 1033
PS scale ISR (tiB) Py
QCD normalisation (= 9 jets, 2018) . 0.964ﬁ8j812 |
QCD normalisation (= 9 jets, 2017) 0.966*3918 -——-
QCD normalisation (= 9 jets, 2016) 0.982+3%! -—-
QCD normalisation (8 jets, 2018) 0.982:393% -—-
Jet energy scale (1) ' -—-- ' -—-
ME-PS matching (ttLF) — —
MC stat. (1) L —— —
QCD normalisation (8 jets, 2017) 0.9799912 - —
Jet energy scale (2) .._._._. -—-
QCD normalisation (7 jets, 2017) 0.99170014 —_—
QCD normalisation (8 jets, 2016) 0.9919014 -—-—-
Underlying event (tt) : '—"—' 7 '—'—'
0. (renorm fiact. scales) I S— ——
MC stat. (2) — R
MC stat. (3)| =——e—— -—-
QCD normalisation (7 jets, 2018) ' 0.98ft8;888 | -—-
Jet energy scale (3) ._._. o | . - -r—- . . | .
-1 0 1 -0.1 0 0.1
6-06, /06 Aj
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ATLAS ttH+tH(bb): CP uncertainties

g Léo Boudet

Uncertainty source Aa[?]
Process modelling
Signal modelling +8.8 -14
tf + >1b modelling
tt+>1b4VSFS +23 37
tf + >1b NLO matching +22 33
tf + >1b fractions +14 21
tf +21b FSR +52 -99
tf + >1b PS & hadronisation +16  -24
tt+>1b p!‘r’b shape +54 4.6
it +>1b ISR +14 24
tf + >1c¢ modelling +6.6 -11
1 + light modelling +2.5 4.7
b-tagging efficiency and mis-tag rates
b-tagging efficiency +8.7 -15
c-mis-tag rates +6.7 -11
[-mis-tag rates +2.3 2.7
Jet energy scale and resolution
b-jet energy scale +1.6 -3.8
Jet energy scale (flavour) +7.8 -11
Jet energy scale (pileup) +52 -79
Jet energy scale (remaining) +8.1 -13
Jet energy resolution +5.7 9.3
Luminosity <=l
Other sources +49 -8
Total systematic uncertainty +41  -54
1t + >1b normalisation +8.2 -13
K] +17  -33
Total statistical uncertainty +32  -49
Total uncertainty +52  -73

Uncertainty source Ak;
Process modelling
Signal modelling +0.10 -0.10
tf + >1b modelling
tt+>1b4V5 FS +0.08 -0.23
t7 + =1b NLO matching +0.15 -0.30
tf + >1b fractions +0.09 -0.21
tt+>1b FSR +0.01 -0.02
tf + >1b PS & hadronisation +0.09 -0.20
tr+2>1b plT’b shape +0.07 -0.11
tt+>1b ISR +0.07 -0.17
tt + >1c modelling +0.04 -0.10
t1 + light modelling +0.00 -0.01
b-tagging efficiency and mis-tag rates
b-tagging efficiency +0.06 -0.12
c-mis-tag rates +0.03 -0.07
[-mis-tag rates +0.01 -0.03
Jet energy scale and resolution
b-jet energy scale +0.02  -0.02
Jet energy scale (flavour) +0.01 -0.05
Jet energy scale (pileup) +0.02  -0.05
Jet energy scale (remaining) +0.04 -0.08
Jet energy resolution +0.03 -0.09
Luminosity < +0.01
Other sources +0.03  -0.07
Total systematic uncertainty +0.29 -0.45
tf + >1b normalisation +0.05 -0.15
o +0.08 -0.07
Total statistical uncertainty +0.09 -0.10
Total uncertainty +0.30 -0.46
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ATLAS ttH(bb): STXS uncertainties

g Léo Boudet

Uncertainty source Aa[?]
Process modelling
Signal modelling +8.8 -14
tf + >1b modelling
tt+>1b4VSFS +23 37
tf + >1b NLO matching +22 33
tf + >1b fractions +14 21
tf +21b FSR +52 -99
tf + >1b PS & hadronisation +16  -24
tt+>1b p!‘r’b shape +54 4.6
it +>1b ISR +14 24
tf + >1c¢ modelling +6.6 -11
1 + light modelling +2.5 4.7
b-tagging efficiency and mis-tag rates
b-tagging efficiency +8.7 -15
c-mis-tag rates +6.7 -11
[-mis-tag rates +2.3 2.7
Jet energy scale and resolution
b-jet energy scale +1.6 -3.8
Jet energy scale (flavour) +7.8 -11
Jet energy scale (pileup) +52 -79
Jet energy scale (remaining) +8.1 -13
Jet energy resolution +5.7 9.3
Luminosity <=l
Other sources +49 -8
Total systematic uncertainty +41  -54
1t + >1b normalisation +8.2 -13
K] +17  -33
Total statistical uncertainty +32  -49
Total uncertainty +52  -73

Uncertainty source Ak;
Process modelling
Signal modelling +0.10 -0.10
tf + >1b modelling
tt+>1b4V5 FS +0.08 -0.23
t7 + =1b NLO matching +0.15 -0.30
tf + >1b fractions +0.09 -0.21
tt+>1b FSR +0.01 -0.02
tf + >1b PS & hadronisation +0.09 -0.20
tr+2>1b plT’b shape +0.07 -0.11
tt+>1b ISR +0.07 -0.17
tt + >1c modelling +0.04 -0.10
t1 + light modelling +0.00 -0.01
b-tagging efficiency and mis-tag rates
b-tagging efficiency +0.06 -0.12
c-mis-tag rates +0.03 -0.07
[-mis-tag rates +0.01 -0.03
Jet energy scale and resolution
b-jet energy scale +0.02  -0.02
Jet energy scale (flavour) +0.01 -0.05
Jet energy scale (pileup) +0.02  -0.05
Jet energy scale (remaining) +0.04 -0.08
Jet energy resolution +0.03 -0.09
Luminosity < +0.01
Other sources +0.03  -0.07
Total systematic uncertainty +0.29 -0.45
tf + >1b normalisation +0.05 -0.15
o +0.08 -0.07
Total statistical uncertainty +0.09 -0.10
Total uncertainty +0.30 -0.46
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STXS resolution

CMS

g Léo Boudet

138 b (13 TeV)

ATLAS Vs =13TeV, 140fb~’
T T

| |
0.04 0.01 -0.09 -0.05

o1 [0, 60) GeV
oy [60, 120) GeV 0.08 006 0.2

oiiy [120, 200) GeV | 0.04 -0.18 041  0.06

Ofy [200, 300) GeV | 0.01  0.08 0.12

o [300, 450) GeV | -0.09  0.06  0.11

Oiin [450, ©) GeV | -0.05 0.02  0.06
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