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VH analysis

pp — V-H = bb(/c?) 3 channels - 2 topologies
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Backgrounds
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dominant
backgrounds:

V+jets

subdominant
backgrounds:

single top and
diboson

Machine learning to
discriminate signal
from background



Higgs
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Higgs candidate jet 2

b-tagged

c-tight

c-loose

non-tagged

Higgs candidate jet 1

e DLA1r flavour tagger, 2D tagging scheme (b and c tagging categories)

e VH-—Dbb: exactly two b tagged jets, BB= Higgs candidate

e VH — cc: 2 different signal regions CrC, C+N (lower c-tagging efficiency) , two
highest ranked jets = Higgs candidate (if two jets in the same category we order
them by pT)

e BCr control region to constrain the Top(bc) background, common to V H(bb) &
V H(cc)

e C.N control region to constrain V +light-jet backgrounds for V H(cc)
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Simulation Samples Event Yields in OL

O-lepton, bb-tag, SR
250 GeV < p.‘r’ < 400 GeV, 2-jet | 150GeV < 1’¥ < 250 GeV, 2-jet
Process ME generator ME PDF PS and UE Cross-section 71 0.37 +0.11 237x07
Hadronisation  tune order Zmf 23.1+28 241 £ 29
Signal, mass set to 125 GeV and bb branching fraction to 58% Zhf 370 £ 110 3920 = 470
99— VH PowneG Boxv2 [55] + PDFALHCISNLO  PyTthia8245 AZNLO  NNLO(QCD)!T)+ WIf 0.235 £ 0.067 3.63 £0.84
GoSam [56]+ [57] (58] [59] NLO(EW) [60-66] Wmf 6.1 +1.2 76 + 13
MINLO [67, 68]
28— ZH PowHEG Box v2 PDFALHCISNLO Pyruia8245 AZNLO  NLO+ Whf 114 £24 1050 =+ 320
NLL [69-73] stopt 1.461 £ 0.023 161 + 44
Top quark, mass set to 172.5GeV Topbb 13+52 1910 + 200
1 PowHEG Box v2 [74] NNPDF3.0NLO Pytian8.230  Al4[75] NNLO+NNLL [76] stops 1.229 + 0.01 944 + 7.8
s-chan. singl PowheGBoxv2([77]  NNPDF3.ONLO  Pyruia8230 Al4 NLO [78]
3oy si:gglz ::s PowneaBoxv2[77]  NNPDFSONLO  Prmma8230 Al4 NNLO [79] Topbqqq 47.2+6.7 547 + 67
Wr PowneGBoxv2 [80]  NNPDF3.ONLO  Pytuia8230 Al4 Approx. NNLO+NNLL [81] VW 0.707 + 0.039 43 +0.22
Vector boson + jets VZbkg 0.368 + 0.021 3.08 £ 0.15
V4 jets SHERPA 2.2.11 NNPDF3.0NNLO  Sherpa2.2.11 Default  NNLO VZcc 1.0718 + 0.0089 6.634 + 0.055
[82-84] (85, 86] 187] VZbb 103 +23 550 = 100
Diboson VHSTXScc 0.0304 + 0.0052 0.141 = 0.024
qq - VV SuERPA2.2.11 NNPDF3ONNLO ~ Suerpa22.11 Default ~ NLO') VHSTXSbbh 44.1 +59 194 + 27
gg > VvV SHERPA 2.2.2 NNPDF3.0NNLO  SHErPA2.2.2 Default NLO@) MC 730 + 120 8760 = 730
data 822 10138

Pre-fit event yields
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Signal and Control

Flavour tagging 1

Regions

Hce
>1 tight c-tag 2 jets 3jets = 4 jets 2 jets 3 jets = 4 jets 2 jets 3 jets =4 jets
Lepton flavour ep | TopeuCR Top ep CR Top en CR Top ey CR Top ep CR Top ep CR C .
omplex analysis
2 jets 3 jets =>4 jets 2 jets 3 jets > 4 jets 2 jets 3 jets =>4 jets
: : . ! ' : : J J ~60 SRs and ~100 CRs
1 no tag a CR CR CR CR
1loose c-tag | - . . .
= CR CR CR CR CR CR
(CIN tag) based on tagging and kinematic
= CR CR CR CR CR CR selections
2 jets 3 jets =4 jets 2 jets 3 jets =4 jets 2 jets 3jets =4 jets
y SR SR SR SR <
1 no c-tag e High AR CR High AR CR High AR CR High AR CR Resolved pr 400 GeV
1 tightc-tag | = SR SR SR SR SR SR Boosted pr>400 GeV
(CTN tag) | High AR CR High AR CR High AR CR High AR CR High AR CR High AR CR
= SR SR SR SR SR SR
N High AR CR High AR CR High AR CR High AR CR High AR CR High AR CR
1 loose c-tag 2 jets 3jets = 4 jets 2 jets 3jets =>4 jets 2 jets 3 jets > 4 jets
i x i SR SR SR SR
1 tz(g)?éctta% © High ARCR 1 | High ARCR1 High ARCR' | High ARCR1
a . s
Ltag 1 SR SR SR SR SR SR 1 Note: High AR CR split into 1 loose c-tag + 1
s ~| HighARCR' | High ARCR High AR CR High AR CR ! High ARCR ! | High ARCR1 tight c-tag and 2 tight c-tag regions
2 tight c-tag 24 SR SR SR SR SR SR
(C1Cr tag) N| High ARCR 1 High AR CR 1 High AR CR High AR CR 1 High AR CR 1 High AR CR 1 2 Note: 4-+ets in 2-lepton, =4 jets everywhere else
Common Top CR
. 2 jets 3 jets 4 jets 2 jets 3 jets 4 jets
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(BCr tag) 3
+| Top(bc Top(bc) CR Top(b Top(bc) CR
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2 jets 3 jets >4 jets 2 2 jets 3jets =4 jets 2 2 jets 3jets =4 jets 2
- - - - SR SR
3 SR SR SR SR SR SR =
High A High AR CR High AR CR High AR CR High AR CR High AR CR Top CR Top CR
2 brtad Low AR CR Low AR CR Low AR CR Low AR CR Low AR CR
Low AR C ow 3 ow o ow 5 ow 5 SR SR
(BBtag) | SR SR SR SR SR =
High AR CR High AR CR High AR CR High AR CR High AR CR High AR CR Top CR Top CR
a SR SR SR SR SR SR SR SR SR = SR SR
High AR CR High AR GR High AR CR High AR CR High AR CR High AR CR High AR GR High AR CR High AR CR
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Run 2 Results

T BT T T T
8> | Amas _ E e V H(bb) obs. (exp.): 7.40 (8.00)
20F Vs =13 TeV, 140 fo' ]
j5 VH Ho>boice E o |W H(bb) obs. (exp.): 5.30 (5.50)
10F E First ATLAS <~
5 E observation © ZH(bb) obs. (exp.): 4.90 (5.60)
0F 3
o E e V H(cc) limit at 95% CL obs. (exp.): 11.5 (10.6)
10 3
—15;_%?:22,'23355:/{:’& Eg'gservedbestfit é LA L B LI L B B L
ol — Observed 68% CL (W20, 10 )=(0.92,1.0) ] ATLAS — Observed
Eee Expected 68% CL ] Vs=13 TeV, 140 fb" ; Eipzz::g+1
2567706 08 1 12 14 16 VH, H—> bb/es ] Evpoctd = 20
ubb 0 lepton
w
1 lepton
bb 0.16 0.13 xp.= 17x
vy = 0927018 = 0.92 +0.10 (stat.) To'17 (syst.) OReZ 21 Sh
ec +5.4 +4.0 3.7
pyvy =1.0155 =103 (stat.) 3’5 (syst.) i
Obs.=22x SM
Combination
: GRa 125 o
arXiv:2410.19611

95% CL limit on uVH( 5
C
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STXS MEASUREMENTS
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Cross section
measured in different
pTV binS

Results consistent
with SM predictions in
all bins



-A log(L)

Interpretation for the Higgs couplings within the
K-framework

g T
....... — £ ATLAS 3 - FT T7 R T LRSS R B B | L
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a5E 3 VH, H- bb/ct K E s . < e S, S 1
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1 \ 3 E Expected 95% CL + Observed best fit E C '\ {i ]
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Setting kc=1, obs (exp) 95% CL 0.65 < |kp| < 1.37 (0.72 < |kp| < 1.62),
Higgs-to-charm coupling is weaker

Setting kb=1 obs (exp) 95% CL |k¢| < 4.2 (|k¢| < 4.1) than the Higgs-to-bottom coupling
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Preparations for Run 3
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Electroweak corrections for Run 3

NLO EW corrections calculated using the HAWK generator
Corrections are normalised to preserve the total cross section
Corrections are applied as a function of W/Z p_

Currently Run 2 corrections are used in all ntuples

Corrections produced for:

o 13 TeV
0 13.6 TeV
o all channels

HEP2026 | 09/07/2026 Eleni Papadimitriou | Aristotle University of Thessaloniki

corr =— OBorn
OB 1

12



Electroweak Corrections

OL channel 1L channel 2L channel
: p;(lepton)>25 GeV In(lepton)|<2.5
no selection cuts epton)i<2.5 s <120 Gov
n(lepton)|<2.
o E - i {11y | } :
i it W i
—I 367ev ::: N | | “ [
EZ §: it éy-.-ﬁ-;:;‘x;;.-uv%-}-t Al }MHH J
; — *‘**H**?"*¥t+++¥+-+*H’#+’+}{ﬂH{ﬂﬁjf#{]l;{]lﬁ[ﬁ E___,_gﬁ.__‘, ot ;;tff;*#tf m;%}hii%:_ +_+_+{.L‘;J_{_+_ +H:'ﬂ+é g_ ¥ At #ﬁﬁ*ﬂ i f’fﬁﬁrﬁ H%H # }Ul]l }lﬁ ]l}l w

No significant difference between Run 2 and Run 3 — Run 2 corrections are a sufficient approximation
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Jet Energy Scale Corrections

Muon-in jet Correction: W boson decayed from b or c
hadron — 10% probability to produce a reconstructed

= 145 T ]
muon with only a few GeV energy loss in the calorimeter = E A
To correct the energy of the jet — muon 4-vector is S 13sf hadronic- -~
gdded to th_e tagged jet after subtracting the energy loss s .
in the calorimeter 5 ..k T

LgL 1.2; ...... :
PtReco Correction: due to b-jet features like 8 115 E
secondary vertex or B hadron mass — additional S E
out of cone effect compared to inclusive jets I
pr dependent correction is applied to correct lower i T s T T m e E
response in low pr 0935265080 100120 140" 160 180 300

pT (OneMu) [GeV]
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Impact on Higgs mass

OL channel

1L channel

2L channel
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c C ; £\ b a F 1lep.SR ] P 3F 2/eptons, 3
§ 8__ 250 GeV sp¥ <400 GeV N § 14 250 Gev sp¥<400 GeV - S C ZSZPGZ,:/ssp:<400 GeV .
I} L i & E ] > F =
[ o Standard Calibration ] 125 standard calibration E = 2.55 o Standard Calibration .
6 [ a L/lt:on-in-jet Correction ] 10F 2 I\PAtl[;on-in-jet Correction 3 oE-4  Muon-in-jet Correction -
I o eco E F o eco E Eisi ‘PiReco ]
r T 8 -] E ]
A ol byo, 7 ge =M 3 1'55 ole 6,lo, ]
r—134 o 1 F —10 o% = - -
2'_ — 19 1% __ 4: S=rdls B 7 L — i:: m 7
| ——111 1% i 2:_ e B _: 0_5:_ - 131 24% _:
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Improved Higgs mass resolution after applying the corrections
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Conclusions

e Run 2:
o first observation of WH,H—bb
o measurement of STXS cross section in agreement with the standard model
o constraints on the couplings of the Higgs with b and ¢ quark
e Run 3 preparations:
o NLO EW corrections recomputed at 13.6 TeV with HAWK
o b-jet energy calibration validated

o These improvements directly feed into the Higgs mass resolution and the expected sensitivity
gains for Run 3

Thank you!
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Backup
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Cross check with diboson

S
T 12 T
ATLAS VZ,Z— bb/cT, Vs-13 TeV, 140 fo ATLAS VZ, Z— bb/cT, Vs=13 TeV, 140 fb"

— Total unc — Stat. unc Tot. ( Stat., Syst.) — Total unc — Stat. unc Tot. (Stat., Syst. )
0.24 0.09 0.22 +0. +0. +0.

Wz, Z- bb ——p——t 1.00 03 (705, 70%) WZ, Z- o8 ——e—i—i 146 050 (035, 503)

- +0.28 +0.17 +0.22
ZZ,Z— bb ——o—— 0.81 tg_':f (fg:gg fg:g) ZZ,Z>ct| H-e 0.71 % (—0.17 ; —0.18)

.o Comb. VZ, Z— ¢t [ 0.98 +0.25 +0.13  +0.22
Comb. VZ, Z— bb == 0.92 fg:? (3?.’83 ; +0f11§) 022 (—0.13 ; -oA1s)
PETE TR T R { TN [ I A e N T O [ T e A | I

uel =0.92+913 = 0.92 + 0.05 (Stat.)*:'2 (Syst.)
uss, =0.98192 = (0.98 + 0.13 (Stat.)*:3% (Syst.)
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Uncertainty Breakdown

a,
u
VH.H—bb | WH.H—bb ZH.H —bb || VH. H - c¢

Source of uncertainty

Total 0.153 0.204 0.216 5.31
Statistical 0.097 0.139 0.153 3.94
Systematic 0.118 0.149 0.153 3.57
Statistical uncertainties
Data statistical 0.090 0.129 0.139 3.67
11 ey control region 0.009 0.014 0.027 0.08
Background floating normalisations 0.034 0.049 0.042 1.24
Other VH floating normalisation 0.007 0.018 0.014 0.33
Simulation samples size 0023 | 0033 0030 || 1.62
Experimental uncertainties
Jets 0.027 0.035 0.030 1.02
s 0.010 0.005 0.021 0.23
Leptons 0.003 0.002 0.010 0.25
b-jets 0.020 0.018 0.026 0.29
Flavour tagging | c-jets 0.013 0.017 0.012 0.73
light-flavour jets 0.005 0.008 0.008 0.66
Pile-up 0.008 0.017 0.002 0.23
Luminosity 0.006 0.007 0.006 0.08
Theoretical and modelling uncertainties
Signal 0.076 0.074 0.101 0.72
Z + jets 0.042 0.018 0.081 177
W+ jets 0.054 0.087 0.026 1.42
1f and Wt 0.018 0.033 0.018 1.02
Single top-quark (s-, r-ch.) 0.010 0.018 0.002 0.16
Diboson 0.033 0.039 0.049 0.52
Multijet 0.005 0.010 0.005 0.55
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Born Cross Section

Born Cross Section Comparison

OL channel 1L channel 2L channel

0V45_I I I : o B | I TT 1T | TT 1T | TE II_ g :l TT IJ TT 1T | IIIIIIIIIIIIIIIIIIII | TT 1T | TT 1T | TTT I: g TTT I | 5 7 B | | TT 1T | 7 o B ) | TT 1T
E | 13 TeV F U R e | 13 TeV Fi | 13 TeV d
E E 08 3 C i
0.4F [ 186Tev 5 © L | 13.6 TeV P04 | 136TeV
- - (7] r (%} - -
C = ] 2 = - £ <]
0.355 Zosvv = S 0.7_ W-lv . So.10l Z-l
- c = = c
F S - - S
C m 0.6— = m
OAS:— — E E 01— i
0.25F = 3 05p- E [ 5 e ]
F = ] F ] 0.08— = -
0.2fF= =~ =] 0.4F- = , -
2 % e E 3 0.061= | 3
0.15 = - 0.3 =]
o 3 5 = 0.04f= A -
0.1— -1 — 0.2— - i - i
0.05F- ) = 0.1 e 5 ooz T -]
G:||||\‘T\.+.-F~_u el i ] oberling [y o melyye ) s o TETPEPereees s la da o) obitielsne s Toomeliies fooe | Prrbiimee s Lol oo ]
0 50 100 150 200 250 800 G350 400 450 500 0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 850 400 450 500

Born Cross Section 13TeV [fb] Born Cross Section 13.6 TeV [fb]
OL channel 43.04 + 0.1 45.76 £ 0.1
1L channel 92.63 + 0.2 97.75+03
2L channel 15.94 + 0.45 16.8 £+ 0.48
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