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Theoretical motivation

e Associated production of the Higgs boson with a single top can happen in three possible ways:
t-channel (tHq), tWH, s-channel

> tH common term to refer to tHq + tWH

> Contribution of s-channel production is considered negligible (0.2879 fb 1)

e tH cross-section is the only process sensitive to both magnitude and sign of y,

e tH cross-section is very sensitive to changes in CP mixing angle y,

Inclusive NLO cross section at LHC 13 TeV
Gluon fusion @ SMrate (k,=1, k,,=2/3)

Y, — .
N L=- _\fti Vi (Cobpy + 180640 75) V1 X

—— pp —> tX; (t-channel)

= pp > tiX,
———— pp = ttX, + tWX, + interf.

OnLo [fb]

o(tHg) =74.25 fb o(tWH) =1517 fb 1

10

MadGraph5_aMC@NLO

Yellow Report

Eur. Phys. J. C 75 (2015) 267 |
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https://link.springer.com/article/10.1140/epjc/s10052-017-4601-7
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageAt13TeV#tH_Process

tH cross-section: state-of-the-art

ATLAS Full Run2 ttH + tH measurement in H — yy [Phys. Rev. Lett. 125 (2020) 061802]
> upper limit of 12 times the SM expectation is set on its rate at 95% CL
CMS Full Run 2 H — bb final state [JHEP 02 (2025) 097]

> upper limit relative to the SM prediction is 14.6 at 95% confidence level
CMS Full Run 2 [Eur. Phys. J. C 81, 378 (2021)]

— 102 — CMS 137 ' (13 TeV)
= E ? .
= F ATLAS Run 2 - — Combined | =57 _’:; | 571 (stat) 0 (syst)]
. = | =
g 0= L = : 2
a - - 3 S -
S F 1 ~ 2Iss + 0z, | p=327

1= —&— - = .

E —— - Z : —

E § Data (Total uncertainty) —"_E, - ? . —e

1’ E] Syst. uncertainty . . E 31+ 0, n=155"7" -

107" 18 M prediction — -

s f—F—F—F— — . 710
2 ¢ 1 : n 2ss +h, | p=817
° , 0 B
g ’ - =0
o 0.5 ! I L T —4-10 - . ;

gaF + bbH  VBF WH ZH ttH - tH . : 10 -5 0 5 10 15 20 25

Production process - . — -1 0 Best fit u(tH)
tH
Nature 607 (2022) 52 ' Fur Phyvs J C 81 378 (2021)
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Search for the production of a Higgs boson in

association with a single top quark in pp collisions at
/8 = 13 TeV with the ATLAS detector
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Analysis strategy

 Analysis optimised to maximise tHg SM significance using Full Run 2 dataset
 Fitting both SM and Inverted Top Coupling (ITC) cases

» Three orthogonal final state explored, all targeting leptonic decay of the top-quark

 Using single lepton (with £ = e/u) triggers and veto on hadronic 7-leptons

u > > d
"% H
b > t
g Charge asymmetry translated to
_ lepton from top charge
b




Analysis strategy

Loose preselection with obvious cuts
[this is where orthogonality is ensured]

l

( )

Several BDT models trained over signal and !{

background events
[tHqg vs all, #f vs all, etc etc] e

\. J

l

Cuts on BDT(s) and other variables to define
Signal Regions (SRs) and Control Regions (CRs)

l

Profile Likelihood Fit to simultaneously ‘x‘

extract u(tHqg + tWH') and background /’\
normalisation factors




MC Samples

e 4FS NLO tHqg simulation normalised to the NLO QCD theory prediction without NLO EW and in

the 5FS of 74.37% (QCD) + 3.7 % (PDF + ay) fb

e 5FS NLO tWH simulation with DR1 scheme and cross-section normalised to NLO at
15.2+42%(QCD scale) = 6.3 % (PDF + a,) fb

—6.7%

Process Generator ME order Parton shower PDF set Tune

tHq MG5_aMC NLO PyTH1A 8 NNPDF3.0nLo Al4
(MG5_aMC) (NLO) (HeErwic7) (NNPDF3.0nLo) (HerwiGg7.1)

tWH MG5_aMC NLO PyTH1A 8 NNPDF3.0nLo Al4
(MG5_aMC) (NLO) (HeErwic7) (NNPDF3.0nLo) (HerwiGg7.1)

1t PowHEG Box NLO PyTHIA 8 NNPDF3.0nLo  Al4
(PowHEG Box) (NLO) (HeErwic7) (NNPDF3.0nLo) (HerwiGg7.1)
(PowHEG Box) (NLO) (PytHia8) (NNPDF3.0nLO) (Al4 p}Tlard)
(MG5_aMC) (NLO) (PyTHIA 8) (NNPDF3.0nLO) (Al4)

1t + bb (PowHEG Box REs) (NLO) (PyTHIA 8) (NNPDF3.0nLO) (A14)

ttH PowHEG Box NLO PyTHIA 8 NNPDF3.0nLo  Al4
(PowHEG Box) (NLO) (HeErwic7) (NNPDF3.0nLo) (HerwiGg7.1)
(MG5_aMC) (NLO) (PyTHIA 8) (NNPDF3.0nLO) (A14)

1tW SHERPA 2.2.10 NLO QCD+EW  SHERPA NNPDF3.0nNLO  default
(MG5_aMC) (NLO QCD+EW) (PyTHI1A 8) NNPDF3.0nNLO  (A14)

ttW (EW) SHERPA 2.2.10 LO SHERPA NNPDF3.0nNLO  default

(MG5_aMC) (LO) (PyTHIA 8) (NNPDF3.0nL0O) (A14)




Object selection

o Anti-k; Ptlow jets with p, > 20 GeV and || < 4.5
* |dentification of jet flavour using DL1r b-tagging algorithm for jets up to |n| < 2.5

* Rejection of jets from pileup using JVT in || <2.5and tJVT in 2.5 < |n| < 4.5

Q - l —r— ] —rTT [ — ] T l — ] —r l ~— I . g I 1 I || I : I 1 I. I | I 1 I ] | I | I
Q - ATLAS Simulation — = light-flavour jets - = - ATLAS Simulation :
S 025 Vs =13TeV, ttevents, fr =0.018 == cC-jets 1 " Powheg+Pythia8 Z—puu )
g - Anti-kt R = 0.4 PFlow jets ——  b-jets . % - \s=13TeV,(W)=13.5 i
E ool 20GeV<pr<250GeV,Inl<25 /) gat uncertainty | w2 [ Antik EMHJESR=04 ’
8 o | i O (.2 2.5<@n|<4.5, 30<pT<40 GeV -
L ot - C
U l -—l ) O - "‘ -
8 0.15 - ‘B Eur. Phys. J. C 83 (2023) 681 h -03 , Hard-scatter jets |
w© ' - © i \\ 1 Inclusive pile-up jets
E o ] v §
O = ' l B \ h
< 010 | = . 015 Eur. Phys. J. C 77 (2017) 580 __
~r T : :
: I :-‘ i W 7 R
0051 1y "I a ”
Sy | 1L : *
Mn —— r.".Hﬂ___;_?_L'n_;__LLI PR B | O ——l
50 -25 00 25 50 75 100 125 0 1 15 >

DL1r b-jet discriminant



https://link.springer.com/article/10.1140/epjc/s10052-017-5081-5
https://link.springer.com/article/10.1140/epjc/s10052-023-11699-1

Object selection

Loose p; selection of lepton showed increase in signal acceptance in 37 and 2755 final state.
Tight isolation requirements to remove non-prompt and fake leptons:
> In all channels:
- BDTs applied to both electrons and muons to remove non-prompt leptons generated in heavy flavour decays
In 32 and 2£SS channels:

reduced by applying cut on displaced
vertices position and mass using electron associated tracks

In 2SS only:
> additional BDT to

brmees g

b fake ¢*

S g

fake ¢*

v prompt £* b, prompt ¢*
Non-prompt lepton from Fake lepton from mis-
heavy flavour decay identified jet
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Preselection region and background composition

@& = backgrounds with normalisation estimated from the final profile likelihood fit with dedicated CR
0 = background with dedicated data-driven estimation

. 3¢ CHANNEL 2¢5S CHANNEL

- Three light leptons with p; > 27/20/10 GeV - Two light leptons with p; > 27/20 GeV and same charge
+ - Number of jets >= 1 - Number of jets >= 1

- Number of b-jets = 1-3 - Number of b-jets = 1-3

Irreducible backgrounds:

- ttZand tZq
- Diboson (mainly WZ and WW)

- W

Reducible backgrounds:
- Non-prompt/fake leptons (mainly from ¢f and Z+jets)
- Splitin uyr @, eyr @ and e, &
- Electron charge flip 49 [measured in Z — eTe™ events]




Preselection region and background composition

@& = backgrounds with normalisation estimated from the final profile likelihood fit with dedicated CR
Q = background with dedicated data-driven estimation

H — bb CHANNEL
- One light lepton with p; > 27 GeV
- Number of b-jets >= 3

- Veto events with Number of jets >=5 and Number of b-jets >= 4
- ETN55 > 25 GeV

e Normalisation uncertainty of 50% on tf + > 1c and 6% on tf + > 0 light

e 4v5FS scheme uncertainty using alternative 4FS ¢f + bb [Ferencz et al. arXiv:2301.11670], decor related for
different tf + > 1b sub-components



https://arxiv.org/abs/2301.11670

Multivariate Analysis

Training Boosted Decision Trees (BDTs) to discriminate signal and background
processes, optimised to have a minimal set of input features:

e H — bb channel employed one multi-class BDT to simultaneously disentangle tHg
signal from ¢t + > 1b, tt + > 1c, tt + > 0 light and the rest

e 37 and 2ZSS channels optimised binary BDTs to disentangle tHq vs rest, #f vs rest,
tt W vs rest

e 2788 channel has additional BDT to separate V'V vs rest

H — bb channel used BDT output 3¢ and 2£SS channels used BDT output scores
probability to fit their shape in the to both apply cut to define analysis regions and
SR and CR fit their shape

i 2 n g e T i S
Valentina Vecchio (JoM) « o~



Analysis Regions

3
" X10 T .‘2 i  § T T T T T T T T
S 120 ATLAS I | 8 EAS . ¢ Data Wew,.,. |
(m {s = 13TeV, 140fb" Mt +21b tT+21c i 10° E Vs =13TeV, 140 fb . X
H— bb channel - :;V;Z 0light le(?;leakes : Post-Fit other ]

1001 Post-Fit other Uncertainty |

10° F 3L channel

: 1
8102 lg 1.1F
£1.01 o
& —— 15.-.* ............................ * L B
s W77 + """""""""""""""""""" B 5555 _g 0.8k * +
©0.99} :
0 007 .
0.98 : ) S Cr Cr
=% Rut i o’

* SR defined to maximise tHq acceptance

e Control regions to constraint normalisation of major backgrounds:

o CR(tt + > 1b) and CR(tt W)

e CRs for electron and muons fakes from heavy flavour decay

e CRs for electrons from conversion

B

sgtina Vecchio (UoM)- ' &




Background estimation
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Frederix et all [JHEP 11 (2021) 029]
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14 T T T l T T | ¥ l T T T T l T T 4 Y ‘ T T T T l T T L § T 1 1 1 ] l 1 L] | 1 I L | 1 ] I | 1 ] L I 1 ] | 1 l L 1 | 1 L I | 1
ATLAS {s =13 TeV, 140 fb™ ATLAS == &= Expected + 2¢
— tot. \s =13 TeV, 140 fb B Expected + 1o
stat. = —— Observed —
(tot) (stat)
2LSS - @ - . -43 -35
3L —— 66 235 3¢ 3L
H— bb - o - 58 B8 O H— bb | i
Y A 5'3"1""1:3.'3 """ 26 ,
Combined —— : -33 26 Combined
YO Oy YT TN | [YSTYSTTST 100N | | MW Uy Uy TU| ST PUCT TS TUNT 1O | | T JAC] YUY FUYTON| JNST TONOT 0T T i PR R TR [N NN TRNT NN N NN TNNT NN NN U
-10 0 10 20 30 40 50 0 5 10 15 20 25 30
Best-fit i 95% CL limit on M

* SM hypothesis significance observed (expected) is 2.8 (0.4) standard deviation for SM hypothesis
e Observed SM cross-section: c(tH) = 720 = 270 fb




Uncertainties

Source Impact on y,
Combination | H — bb | 2(SS | 3¢
Theory uncertainties (modelling) 1.69 2.97 1.64 | 2.63
Signal 1.26 0.88 133 || 1522
i+ > 1b 0.70 2.57 - -
11+ = 0 light and 11+ > ¢ 0.54 1.04 - -
1w 0.23 <0.01 052 | 0.18
1" 0.43 - 052 | 1.95
Rest of backgrounds 0.50 0.60 0.63 | 1.23
Experimental uncertainties 1.07 0.95 1.61 | 2.61
JES and JER 1.00 0.51 1.57 | 2.51
Non-prompt lepton bkg. modelling 0.25 0.59 0.22 | 0.07
Flavour tagging 0.17 0.52 0.13 | 0.17
Muons 0.12 < (0.01 0.12 | 0.40
EPSs 0.10 004 | 0.20 | 0.03
Pile-up 0.12 0.04 0.05 | 0.44
Electrons 0.10 0.07 0.11 | 0.32
Charge mis-identification 0.07 - 0.06 .
JVT and fIVT 0.04 0.10 0.11 | 0.06
Luminosity 0.09 0.09 0.10 | 0.14
Total systematic uncertainty 2.01 3.11 2.30 | 4.06
Statistical uncertainty 2.56 4.87 3.5 | 5.60
Normalisation factors 0.50 0.04 0.84 | 0.73
MC statistics 0.64 < 0.01 1.05 | 1.67
Total 33 58 | 43 | 6.9




LU JLUNLANLINY NRLINL AL B JLANLINL A JLANL UL B IL UL LI NNLINLANLINY [NLENLUNL A NLUNLINLEN IR LELELELE) BLELELELE BLELELELE LELELSL| [ALELELHT LALELELE [ELALELELE JLELELELE LELELBLE [ECBLELEL
ATLAS Vs = 13 TeV, 140 fb ATLAS e Expected + 2¢
— tot. Vs =13 TeV, 140 fb B Expected + 1o
stat. - —— Observed —
(tot) (stat)
37 18 +15 2LSS
2LSS - o - . 1.8 -15
3L —l— 20 4 iy 3L
+0.7 +0.5
H—s bb -®- 0.7 57 i H— bb =
I [ 7 04 ,
Combined -9- 1.2 4% i Combined
p=iptil s (Y DT TSRS [ET VST Yy Y| [SJT Yoy vy JOST O VTP | [NV T TS| ST Uiy Yo ST YOS VST Y| |1 YUY YT ! - IRrTS [STRTRTYST TN| [FTYRTYSr YRT TAI [T TEY VRY AT TR U UEN VRN NN VNN RV UNY WY RN UN| DOY VY UET DRN W8I )BT TN YET TN
-2 0 2 4 6 8 10 12 14 16 18 0 1 2 3 4 5 6 74 8 9 10
Bestfitu_(k=-1) 95% CL limitony_(k =-1)

e |TC hypothesis: p1,;(k, = — 1) = 1.2+ 0.4 (stat.) £ 0.5 (syst.) with exclusion limit of 1.2 @95 CL

e H — bb channel leading the sensitivity due to usage of variables sensitive to differences between SM
and ITC in the training of the 37 and 2SS channels BDT(tHq)
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Signal Regions
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CONCLUSIONS

—_ 102 . CMS 137 "' (13 TeV) T T T L e e e e e e e e B
ﬁ E.— E +4.1[ 428 +3.0 ATLAS Vs =13 TeV, 140 fb
= = ATLAS Run 2 - Combined | u=57 "' L 27 (stat) " (sys()] S = ev,
g T 1 — tot.
o 10: = stat.
2 = - 3 (tot) (stat)
&) L R E h h 2LSS - @ - L 43 35
-~ _§ Data (Total uncertainty) - : 6.6 ‘69 56
- [ ]Syst. uncertainty 7 31+ 01, SL T =94 %8
-1 _|
10 = £ SM prediction — 59 *58 +4.9
- | | | | ] H— bb - - v 58 -49
(% 1.5 ' ' ' ' e I Ty I [ A A
o : 1 2lss + hh . 8 1 +3.3 +2.6
o 40 Combined -0 - A 33 2
= . NPT 1 [T A PP
< . 110 | -10 0 10 20 30 40 50
goF + bbH  VBF WH ZH ttH tH 0 05 10 15 20 55 Bestfit i
Production process Best fit u(tH) tH

* Both ATLAS and CMS performed direct measurements of the tH cross-section in several final states &3

e Future measurements will benefit from advancements in experimental techniques based on modern ML:

Improvements in flavour-tagging techniques will translate in better limit in all final state and improved rejection of 7 + HF in the H — bb

Holistic approach for objects definition could further reduce contribution of non-prompt/fake leptons

e Further investigation on this process is definitely to be carried using Run 3 data

* New prospect of enhanced sensitivity with higher acceptance of Run 4 detector update

Joint analysis of ttH + tH is going to be paramount necessity in the future to deal with statistical overlap

Higher statistics will allow for split estimation of tHq and tWH, making combinations across
measurements easier

%5
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MC Samples

Process Generator ME order Parton shower PDF set Tune

tHq MG5_aMC NLO PyTtHIA 8 NNPDF3.0nLo Al4
(MG5_aMC) (NLO) (HeErwic7)  (NNPDF3.0nLo) (HErRwWIG7.1)

tWH MG5_aMC NLO PyTHIA 8 NNPDF3.0nLo Al4
(MG5_aMC) (NLO) (HErwic7) (NNPDF3.0nLo) (HErRWIG7.1)

1t PownEeG Box NLO PyTHiA 8 NNPDF3.0nLo Al4
(PowHEG Box) (NLO) (Herwic7) (NNPDF3.0nLo) (Herwig7.1)
(PowHEG Box) (NLO) (PyTHIA 8) (NNPDF3.0nLO) (A14 pl%ard)
(MG5_aMC) (NLO) (PyTHIA 8) (NNPDF3.0nL0) (A14)

it + bb (PownEeG Box REs) (NLO) (PyTHIA 8) (NNPDF3.0nLO) (A14)

ttH PowngeG Box NLO PyTHIA 8 NNPDF3.0nLo Al4
(PowHEG Box) (NLO) (Herwic7) (NNPDF3.0nLo) (Herwig7.1)
(MG5_aMC) (NLO) (PyTHIA 8) (NNPDF3.0nLO) (A14)

1w SHERPA 2.2.10 NLO QCD+EW  SHERPA NNPDF3.0nNLO  default
(MG5_aMC) (NLO QCD+EW) (PyTHIA 8) NNPDF3.0nNLO  (A14)

ttW (EW) SHERPA 2.2.10 LO SHERPA NNPDF3.0nnLO — default
(MG5_aMC) (LO) (PyTHIA 8) (NNPDF3.0nLO) (A14)

1z MG5_aMC NLO PyTHIA 8 NNPDF3.0nLo  Al4
(SuerpPa 2.2.10)  (LO) (SHERPA) (NNPDF3.0nNLO) (default)
(MG5_aMC) (NLO) (Herwic7) (NNPDF3.0nLo) (Herwic7.1)

Single top quark PowHgG Box NLO PyTH1A 8 NNPDF3.0nLo  Al4

(t-ch., tW, s-ch.)
(PowHEG Box) (NLO) (HErwic7) (NNPDF3.0nLo) (HErRWIG7.1)
(MG5_aMC) (NLO) (Herwic7) (NNPDF3.0nLo) (Herwig7.1)

V +jets SHERPA 2.2.1 MEPS @NLO SHERPA NNPDF3.0nLo  default

VV,qqVV SHERPA 2.2.2 MEPS@NLO SHERPA NNPDF3.0nnLO  default
(PowHEG Box) (NLO) (PyTHIA 8) (NNPDF3.0nLO) (A14)

Vvv SHERPA 2.2.2 MEPS@NLO SHERPA NNPDF3.0nNLO  default

tZ MG5_aMC NLO PyTHIA 8 NNPDF3.InLo  Al4

tWZ MG5_aMC NLO DR1 PyTHIA 8 NNPDF2.3L0 Al4
(MG5_aMC) (NLO DR2) (PyTHIA 8) NNPDF2.3L0 (A14)

tit, Lttt MG5_aMC QCD NLO PyTHIA 8 NNPDF3.InLo  Al4

ggH,qqH PowhnEeG Box QCD NLO PyTH1A 8 CTEQ6L1 AZNLO

WH,ZH PyTHIA 8 QCD NLO PyTtHIA 8 NNPDF2.3L0 Al4




Preselection yields

Process H — bb 2¢SS 3¢

tHqg 91.1+1.7 12.41 £0.17 3.15+0.05
t(WH 37.21 £0.26 3.97 +£0.09 2.36 £ 0.07
it — 1430+ 14 324 +6
tt+ > 1b 60170 +90 — —

i+ > lc 33585+ 70 — —

fi+ > 0 light 106290 + 120 _ _

e/ e 8028 =+ 80 _ _

1itH 1676.9+ 1.5 126.6 £ 1.2 74.62 +0.25
tW 362.0+1.6 798.0 £ 2.1 205.7+1.1
1t7 891.0+6 1653+1.0 567.8+1.7
tZq 170.5+1.3 88.9+0.5 273+0.9
tWZ 2.22+0.22 | 18.73+0.08 | 80.47+0.16
Z/W+jets 4681 + 34 518 +30 131 +£25
VvV, VVV 202+ 6 298.6 +3.3 579 +4
Single-top 9331 + 31 164 +4 20.1+£1.5
ttt, tttt 8.9+0.1 4.81 £0.06 4.88 +0.06
VH,VBFH, ggH 25.0+0.1 19+4 7.4+2.8
Total 225640 + 190 3650 + 33 2274 + 26




Regions definition

Channel Region BDT score Conversion cut Jets Leptons flavour (p ordered) Other

70
N not-b < 2

SR - . N5 - .

forward =

H — bb

70
B N not-b 22
CR(11+ > 1b) | - } N =0 }

forward

BDT(tHq) > 0.65
SR BDT(1r) < 0.5 yes - - -
BDT(:iW) < 0.6 and BDT(VV) < 0.8

BDT(1Hq) < 0.65
CR(uyp) BDT(#z) > 0.3 yes - Ui -
BDT(iW) < 0.6 and BDT(VV) < 0.9

BDT(tHgq) < 0.65
CR(eyp) BDT(7) > 0.3 yes - pe ee Hy(£) < 225GeV

2055 BDT(iiW) < 0.6 and BDT(VV) < 0.9
CR(econy) BDT(#f) > 0.3 inverted - e, ee m(£f) < 150 GeV
BDT(iW) > 0.6
CR(IW) BDT(#7) < 0.3 ves - ; ;
BDT(tHq) > 0.7
SR BDT(#f) < 0.9 yes - - -
BDT(iiW) < 0.8
BDT(tHg) < 0.7
CR(uyp) BDT(#f) > 0.5 yes - WM, e, -
BDT(##1W) < 0.8 e, eep
BDT(tHq) < 0.7
CR(epr) BDT(tt) > 0.5 yes - Hueeue -
BDT(1tW) < 0.8 Heeeee
3¢ CR(eony) - inverted - Hpeepue, -
Heeeee
CR(AW) BDT(iW) > 0.8 yes - ; ;

na Vecchio (UoM)-



Uncertainties

Unc. component on u:

up up dn dan
. GPOIPGNP D 'Gpo|p°Np
w/ p = linear correlation coef.

—— Nuis. Param. Pull

tHg XS

tf+21b PS & had.

tt += 0 light PS & had.
JER (6)

JER (1)

¥ (2LSS SR bin 4)

¥ (2LSS SR bin 3)

JES n intercalibration modelling
JES flavour composition
fake (1T NLO gen.)

fake (tt FSR)

tf+>1b 4v5 FS (1B)

v (3L SR bin 4)

JES pileup p topology

tt += 0 light pThard = 1
JER (5)

tZq PS + had.

JER (8)

ttW NLO gen. + PS + had.
JER (3)
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Source Impact on 1,
Combination | H — bb | 26SS | 3¢
Theory uncertainties (modelling) 1.69 297 1.64 | 2.63
Signal 1.26 0.88 .33 | 1.22
i+ = 1b 0.70 2.57 - -
11+ > 0 light and 11+ > ¢ 0.54 1.04 - -
nw 0.23 <0.01 0.52 | 0.18
1" 0.43 - 052 | 1.95
Rest of backgrounds 0.50 0.60 0.63 | 1.23
Experimental uncertainties 1.07 0.95 1.61 | 2.6l
JES and JER 1.00 0.51 1.57 | 2.51
Non-prompt lepton bkg. modelling 0.25 0.59 0.22 | 0.07
Flavour tagging 0.17 0.52 0.13 | 0.17
Muons 0.12 < (.01 0.12 | 0.40
EPSS 0.10 004 | 0.20 | 0.03
Pile-up 0.12 0.04 0.05 | 0.44
Electrons 0.10 0.07 0.11 | 0.32
Charge mis-identification 0.07 - 0.06 -
JVT and fIVT 0.04 0.10 0.11 | 0.06
Luminosity 0.09 0.09 0.10 | 0.14
Total systematic uncertainty 2.01 3.0 2.30 | 4.06
Statistical uncertainty 2.56 4.87 3.5 | 5.60
Normalisation factors 0.50 0.04 0.84 | 0.73
MC statistics 0.64 < 0.01 1.05 | 1.67
Total o 5.8 4.3 6.9




Background estimation
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Background estimation
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Background estimation
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