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ttH Production Overview

« With top Yukawa coupling and two top
quarks in the final state give a variety of
experimental opportunities.

« Direct confirmation of the coupling
with the observation

« Searches for CP violation with enough
signal and S/B in reconstructable
channels.

«Searches for
with double top tagging and
lots of missing transverse momentum.
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ttH Production Overview

More details Thursday:

- With tO.p YUka\_Na Sl Property measurements of the Higgs boson production in
SUEIN CRINRGIERIIGEIINES - o ciation with top quark at the ATLAS detector (Ximo Poveda

experimental opporturiiues. )

« Direct confirmation of the coupling
with the observation

« Searches for CP violation with enough
signal and S/B in reconstructable
channels.

«Searches for
with double top tagging and
lots of missing transverse momentum.
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ttH.H — yy §

e Anchoring on the
diphoton decay gives
experimental access
to production mode
tagging.

« ATLAS and CMS have
made great use of this
in their Run2 H — yy
measurements.

e Both also made
dedicated channels
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ttH, H — multi-leptons

« Many sources of
leptons when
there are 2-4
vector bosons in
the final state.

e Optimization
entails specific
kinematic variables
and b-tagging
multiplicity as
inputs for BDTs for
each channel.
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tt + bb/X Backgrounds

«COmmon
 Four flavor scheme (4SF)
e More directly from the ME

e Five FS still needed for the the charm and

light flavor components. -
« Differences

 PS: Pythia vs Herwig (ATLAS), Pythia
uncertainties (CMS) merged tt+jets sample

« CMS floats tt + B/C/LF freely

« ATLAS floats tt + bb : tt + b extrapolation;
tt + C 100% prior; tt + LF tighter prior

tt+B

=1 additional b jet
p,>20 GeVn< 2.4

Entire tt+jets phase-space
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ttH, H — bb

« Primary analysis goals: STXS bin and inclusive
signal measurements

eSearch anchored in 1-2 muons or electrons.

« Differential in number of b-tagged jets and pr
of the Higgs boson candidate.

In each event a “Reconstruction BDT” is
evaluated under each b-jet association

assumption (i.e., from the Higgs or from a top).

e The assumption yielding the highest score
is used to assign the dijet for Higgs
candidate.

«In the 1-lepton channel, a topology of large-R
(anti-k7 1.0) jets containing two small-R jets is

ATLAS
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ttH L H — ATLAS
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ttH, H — bb

e Primary analysis goals:
STXS bin and inclusive

59.7 fo ' (13 TeV)

signal measurements T w we Teb B B, Postii
»Anchored in 1-2 e e e e
leptons (electrons or el S
muons) as well as a : i g
full hadronic analysis.
e Relies on jet and b-jet E
multiplicity for &
categorization. e
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ttH, H — bb

Inclusive

CMS Preliminary 138 fb (13 TeV)

e Inclusive signal extraction is
performed without STXS
categorization.

138 fb' (13 TeV)

« STXS categorization is made
with an additional neural [60, 120]
network that gives the

most probable Higgs pr.

[120, 200]

[200, 300[

«Based on the most likely
Higgs pr a category is
assigned.

026 016  -0.21
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ttH, H — bb
Inclusive STXS

e Inclusive signal extraction is
e performed without STXS
025 1042 categorization.

-0.25 -0.39

CMS Preliminary 138 fb (13 TeV)

CMS Preliminar 138 b (13 TeV)
Yy

S s P~ (] P (] [ ]

. I More details Thursday
°=_f Measurement of ttH and tH Production in the

22 B H to bb Decay Channel at CMS (Abhisek Datta)

+0.24 o (] (=4 = 1 1
-0.24 -0.28

w021 4027 «Based on the most likely

-0.21  -0.27

ool Higgs pr a category is
assigned.

+0.21
-0.21
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V(leptonic)H, H — bb

e Both ATLAS and CMS analyses rely Truth level HIGGS-2018-51
on W/Z boson leptonic decays from 150 GeV < p ¥t <250 GeV
trigger to high-level selection. 250 GeV < p: <400 GeV

o/ - vw,W > v,and Z - ¢ P> 400 GeV

*The primary goals Qf thg Run 2 75 GeV < pi < 150 GV

analyses are inclusive signal strength
. 150 GeV < pZt <250 GeV
and STXS bin measurements. T e

250 GeV < pZt <400 GeV

T

« Binning primarily in pyy, but also

in jet multiplicity for ZH 150-250
GeV bin.

pZ4> 400 GeV

Higgs 2023, Beijing Chris Palmer - November 27, 2023 14
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V(leptonic)H, H — bb

e Small-radius (anti-k, R = 0.4) and large-radius (anti-k, R = 0.8 for CMS and R = 1.0) topologies are both
explored, and a combination of the two has been made.

«Overlap: CMS chooses event by event with priority given to the small-radius signal region, while ATLAS uses
the large-radius topology when pry > 400 GeV in the combination.

ATLAS Simulation

\s =13 TeV, 139 fb™

1 lepton, 3 jet, 2 b-tags
qq — WH — Ivbb

High AR CR

SR

Low AR CR

300 350 400
Py [GeV]
HIGGS-2018-51

450 500
Higgs 2023, Beijing
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V(leptonic)H, H — bb

e Small-radius (anti-k, R = 0.4) and large-radius (anti-k, R = 0.8 for CMS an¢ RILUETEVE
explored, and a combination of the two has been made.

Study of the boosted Higgs
«Overlap: CMS chooses event by event with priority given to the small-radit
the large-radius topology when pry > 400 GeV in the combination.

boson production (Jie Xiao)

ATLAS Simulation

\s =13 TeV, 139 fb™

1 lepton, 3 jet, 2 b-tags
qq — WH — Ivbb

High AR CR

SR

Low AR CR

300 350 400
Py [GeV]
HIGGS-2018-51

450 500
Higgs 2023, Beijing
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V(leptonic)Z,Z — bb, Resolved Validation

e Both analyses use the VZbb signature as a standard
candle for validation of the primary analysis.

138 fb ™ (13 TeV)

ATLAS VZ,Z—bb {s=13 TeV, 139 fb CMS

Preliminar * Observed
— Total — Stat. y

Tot. ( Stat., Syst.) — *1o (stat © syst)

026 +0.15 +0.21 +
0.68 *15 (X155 079 ) m— +1G (SYst)

+0.18 +0.08 +0.16 . ,
1.00 -0.15 (—0.08 » -0.13 ) :- 1.04 £0.07 £0.12

+0.16 +0.07
0.93 013 (—0.06 1.62+0.17£0.22

O 05 1 15 2 25 3 35 4 45 5 .
Tho 8 10
vZ Best-fit u
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V(leptonic)H, H — bb
«Shape and uncertainties for V+jets MC is
critical for VHbb.

« ATLAS default is Sherpa NLO MC
«V+HF is decomposed into bb, bc, bl, and cc.

«\V+HF normalization floats and bc, bl, cc
have uncertainties relative to bb.

ATLAS

\s =13 TeV, 139 fo’'

1 lepton, 2 jets, 2 b-tags
p¥ > 250 GeV

« W+HF shape uncertainties are assessed by
comparing to MadGraph5 aMC@NLO.

«/+HF shape uncertainties are assessed in
dijet sidebands with comparisons to data.

—
o

(@) —
o oo

Data/Pred.

-1 -08 06 04 02 0
«Signal regions are BDT outputs.

ATLAS

EXPERIMENT

—o— Data
I VH, H — bb (u=1.02)
Diboson
tt
Single top
Multijet
Bl W+jets
B Z+jets
[11] Uncertainty
Pre-fit background
— VH,H - bb x 2

02 04 06 08 1
BDT,,, output

Resolved (HIGGS-2018-51),

Higgs 2023, Beijing Chris Palmer - November 27, 2023

boosted (HIGGS-2018-52) and

combo (ATLAS-CONF-2021-051)
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V(leptonic)H, H — bb

«Shape and uncertainties for V+jets MC is

critical for VHbb. - CMS
Preliminary
« CMS default is MadGraph5 aMC@NLO 2dopton
M C 250<p_(V)<400 GeV

«V+jets is decomposed into V+b(b), V+c,
and V+LF.

« All components have floating
normalizations and linear pt y shape

uncertainties.

«DNN (BDT) outputs for resolved (boosted)
are used for signal region observables.

Higgs 2023, Beijing Chris Palmer - November 27, 2023

59.8 fbo™ (13 TeV)

[ ]z+b
[ Z+udsg
B VV+LF

[ ggzHbb
b %% S+B uncertainty

0.8 1
DNN score
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V(leptonic)H, H — bb

« Both analyses see WH near the SM while there are divergent results in the ZH
channels.

138 fb' (13 TeV)
IIIIIIII |Illl||lll T T T 1T IIII]IIII L T 11T T T 1T
ATLAS VH, H—> bb Vs= 13TeV 139 fb1 CMS

—Total Stat. Preliminary
Tot. (Stat, Syst.) — *lo (stat & sysf)

e QObserved

+0.27 +0.18 +0.19 mmm 116 (SYSt)
_0.25 (Z0.18 » 018 ) B

(%017 015 ) - 0.37+0.16 + 0.14

+0.12 +0.14
(—011 —013)

llllllllllllllllllll llllllllllllllll

3354455

bb
lVLVH

0.97 +£0.23 £ 0.22

Best-fit u
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V(leptonic)H, H — bb, STXS

e ATLAS STXS measurements are highly compatible with the SM
while there is some discrepancy with the SM in the CMS results.

o) = = CMS  Preliminar 138 fb' (13 TeV
"g E ATLAS Preliminary VH, H — bb, V — lep. (resolved + boosted) E 5 F T ' ' | T ' y' | | ' I ( I )
> E— 1 03 E_E=1 3 TeV, 139 fb1 ® Observed ==Tot. unc. Stat. unc. — |§ B = = Expected [ ]Th. Unc. ® Observed = Total unc. = Stat unc. i
Q = = Expected [ Theo. unc. = Tk ZH - li(vv) bb WH-vbb
X 0 — V = W 1 V - Z — T E R 3
.8 107 e E & e
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X 10__J- _ 1 'L _ — E 10_ -==k=-=-"""F """ =
2 = — 5 ! — = @ =
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V(leptonic)H, H — bb, STXS

e ATLAS STXS measurements are highly compatible with the SM
while there is some discrepancy with the SM in the CMS results.

« CMS has been studying these
results and underlying analysis
features during the past year.

eeeeeeeee

______

«CMS is nearly ready to share XS eSS EE—
the final results, so keep --
checking arxiv in the coming
weeks.

Higgs 2023, Beijing Chris Palmer - November 27, 2023 CMS-PAS-HIG-20-001 22
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V(hadronic)H, H — bb YATLAS

EXPERIMENT

«Both the bosons need to
be reconstructed in large-

radius (R = 1.0) jets.

.The mult”et COmponent %’#ﬁ + SR:250<p:1J<4SOGeV SR: 450<p_*r'!J<GSOGeV SR:p:’J>65OGeV
of the background is i
estimated using a data-
driven template from
control regions with in
situ transfer factor.

A +1.0
1= 1.4_().9

- ATLAS Preliminary VH — qgbb ¢ data [JPVH

OtherHiggs
L Ys=13TeV, 137 b Post-fit

V+jets 'A% top
[Omultijets ./, Uncertainty

Events /5 GeV

Higgs 2023, Beijing Chris Palmer - November 27, 2023 ATLAS-CONF-2023-067 23



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-067

7ZH(ZZ) — bbbb  NW

« This analysis studies new methodologies on larger cross section 4b final states.
« The selection requires 4 b-tagged jets with kinematic requirements slightly tighter than 4 jet triggers.

« A neural network considers all potential combinations, but at least one of the combinations must be
compatible with the masses of the signal (ZH or 7Z).

—> P(Class)

Higgs 2023, Beijing Chris Palmer - November 27, 2023 CMS-PAS-HIG-22-011 24
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7ZH(ZZ) — bbbb <

« Mulitjet background is estimated from data using 4j3b.
«The 4j3b data requires reweighting to match the kinematics of the signal region.

« Trained and validated in a sideband region.

CMS Preliminary 133 fb™ (13 TeV)

; ¢ Four-tag data
Sideband ] I\_Aultijet Model
Including FvT correction  []tt
N Stat. Uncertainty

CMS Preliminary CMS Preliminary 133 fb™' (13 TeV)

Sideband ¢+ Four-tag data

[ Multijet Model Sideband + Four-tag data

(1 Multijet Model
Before FvT correction ot
N\ Stat. Uncertainty

Events/bin
Events/bin

0...‘
00.

Events/bin

JCM Fit Result:
x2/DoF = 6.5/11
p-value = 84%

Step 1

3 3
< S
m m
~ ~
o (a]

12 14 . 4 45 4 45
Number of jets AR(j ’J)complement AI:%(J’j)complement
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Background-only fit

-

l|I|III|III|III|III|III|I I|III|III|III|III

+ Four tag data
[_] Multijet Model
ot -
2\ Bkg. Uncertainty 3
—— ZH—bbbb (x100) 3
—— ZZ—bbbb (x100)

111 III|III|III|III|III|I

Data / Bkgd.

PZZ(S|gnaI)

Events/bin

Data / Bkgd.

n
o
o
o

n
o
o
o
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CMS Prellmlnary

133 1o (13TeV)

! —
Signal Reg|0n

+ Four tag data ]
(] Multijet Model ]
ot .
2N\ Bkg. Uncertainty -
—— ZH—>bbbb (x100)~_]
¢ —— ZZ—>bbbb (x100) ]

e The primary systematic uncertainty is
from an updated version of hemisphere
mixing of 4j3b samples to generate
synthetic data.

Background-only fit

e Future plans include reducing this
systematic uncertainty so these

1.2

: | | L measurements can be made by HL-LHC.
e T A S e B B A B R A i :

- ] CMS Prallmlnary 133 fb <13 TeV)
080~"01 02 03 04 05 06 07 08 09 1 L o HH current uncertainties |

PZH(Signal) HH expected scaling
HH naive 1/VL
HH no bkg. uncertainty

— ZZ expected scaling

77 /ZH

ZH expected scaling

Signal strength expected (stat-only)

Signal strength observed
Expected Limit at 95% CL (stat-only)
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Observed Limit at 95% CL

+19 (1+14
7 (1—1.3

fla
0.9
2.2+09
2.9 (2.3)

5.0

0.01%9
3.8 (2.8)
3.8

Exclusion Limit (95% CL) on o/a,,

—_
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VBF H.H — bb ATLAS

. EXPERIMENT
e Adversarial neural network used for

classification on two small-radius b-jets
and two other jets.

ATLAS - Data
20— Vs=13TeV, 126 b~ 7 pp

VBF H = bb B ggF+{fH+VH SM
.VBF H—bb (uVBF, o =
7/ Background uncertainty

* obs (exp) = 2.60 (2.80)

toot

T ’ T //////////){///T// '

«my,, dependence removed so it can be fit.

« QCD fit from template and Zbb template
comes from Zpu with data imbedding.

0.957:%)

ATLAS

Vs=13 TeV, 126 fb’'
H — bb

Forward

SR1

-e-Data
Z—bb
B ggF+ttH+VH SM

B VBF H—bb (1 =0 1058
— Non-resonan '
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VBF H.H — bb

« Two small-radius b-jets
e Deeplet b-tagger
« Two additional jets

« Categorize with a BDT
with kinematic and b-
tagging inputs.

« My, independent

90.8 b (13 TeV)

¢ Data
—— QCD(+unc.)
—— QCD+Z+Higgs
—— Z->bb

oMy, is fit observable

« QCD is fit directly in SR.
e Minimal (<10%) bias

 No additional
uncertainties
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CMS,/!
\ fé;
—\\ AN S
v
+E

obs (exp) = 2.60 (2.90) 90.8 fb' (13 TeV)

---- SM == 110 (SYySt)
A Observed  —— *10 (syst @ stat

0.99 2% (syst) + 0.33 (stat)

:*

1.01 7259 (syst) + 0.36 (stat)

0.96 + 0.22 (syst) + 0.22 (stat)

2.5 3 3.5 4
Best fit o/ Oy
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VBF H.H — bb

e One large-radius bb jet and two small-radius jets are
selected.

e The large-radius jet mass is the observable, and the CMS Preliminary 138 fbo (13 TeV)
DeepDoubleBvL-v2 is used to define a signal and control ) Cobmad i
region.

SM expectation
«QCD template is a fit of the control region multiple by a

800 < P, < 1200 GeV

675 <p_ <800 GeV

ggF category

transfer function. -

E CMS Preliminary e Data [7]Bkg. Unc.
— DDB pass, VBF category [Jjaco [Ow
EHZ(qq) WZ(bb) 500 < p_ < 550 GeV
Wt [ Single t T

OVV  [OBkg. H

Events / 7 GeV

CMS Simulation Preliminary 138 fb"' (13 TeV)

VBF category

DDB passing 450 < P, < 500 GeV

VBF category
DDB failing

ggF category m; > 2000 GeV

DDB passing

ggF category 1000 < m, < 2000 GeV

DDB failing

VBF category

(Data - Bkg)/op,,,

. . - 80 100 120 140 160 180 200
signal fraction mep [GeV]
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ATLAS e Data

[0
Vs=13Tev, 182" ﬁ‘/ij( -
2 = i (=1
£ VBF H(— bb)+y Non-reson. bbyjj
5 HighBDT Region —— Non-reson. bbyjj+Zyji+Hyij
"r

e Unique assess
to WBF.

e Triggering on
the photon at
L1 leaves the
rest of the
system
unbiased.

e HLT requires 1

photon and 3-4

jets.

Higgs 2023, Beijing

Significance

1

76080 100 120 140 160 180 200 220 240
m,, [GeV]

ATLAS
Vs =13 TeV, 132 b

VBF H(— bb)+y 2, Bkg. Uncertainty
Weighted by Higgs Boson S/B

\
\

ATLAS

EXPERIMENT

Weighted Events / 10 GeV (Bkg.-subtracted)

Run: 355861
: 8
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N
\ BN
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H— T ATLAS

EXPERIMENT

e Triggers rely on 7 decay products. T T e
ATLAS H— 1t /s =13 TeV, 139 fb™

oLike H — yy all production —Total —Stat. | Theo. Pey=88% Iy, <2.5

channels accessible to the analysis.

. . Tot. (Stat., Syst.)
*VVBF is one of the most sensitive. 1.06 H12 (107 w070 )

-1.08 -0.94 -0.53

II|IIIIIIIIIIIlIIIIIIIIIIIIII

[ ATLAS ¢ Data i

- \/;: 13TeV,139fb'1 Uncertainty a 0 98 +0-61 ( +O-50 +0.34 )
[ H = TiepThad m— H- 77 (0.93 x SM) " —-0.58 -0.48 -0.33
- VBF_1 SR .z i
B M Other backgrounds |
[ 1 Misidentified 7

_IIII|IIIIIIIIIIIIIIlIIIIIIIII_
- ATLAS ¢ Daa .
—+/s =13TeV,139fb" Uncertainty -

mm H-17(0.93 x SM) +
mm Z-tr =
B Other backgrounds -
[ Misidentified 7

—_
o
o

(o]
o

E H— ThadThad

C VBF_1 SR

Events/ 10 GeV
[ea] (2]
Events / 10 GeV

+0.34 +0.15  +0.31
0.96 “y5s (Zo1s 023 )

+0.20 +0.13 +0.15
0.90 -0.17 (—0.12 -0.12 )

lIlIlIllllIlIlIllllIllllllllllllll

2 3 4 5 6 7 8
(oxB)™3 / (6xB)*M

100 125 150 175 100 125 150 175 200
miMC [GeV] mMMC [GeV]
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H— T ATLAS

EXPERIMENT
« STXS categorization is rich and follows the reconstructed

Higgs boson and production mode topologies.

ATLAS H — 1t cross-sections (lyHl <2.5) 3
Vs=13TeV, 139fb" e Observed — Tot. unc. — Stat. unc.
Pgy, =95 % — Expected [[] Theo. unc.

T

.

Cross-sections in STXS stage 1.2 framework Event categories ATLAS
H—zr

o HEXEEE o and o1 B
. or =6 jets and =1 b-tags — "2d"had

ttH taggers
tH_0

' [ 22 jets m;>350 |An;1>3 >2 jets

VBF tagger M XMz<0
VBF_0 m;>350

60<m;<120 VH_1 60<m;<120
V(had)H tagger

VH_0

[EWqqH  m;>350 VBF_1

TlepThad

TeTy,

or(H)>200 pr(H)>300 pr(H)>300

2 X
o'—! |:|I| !

120<pr(H)<200  >2 jets N(ets): >1 1 >2 >0 >0 >2
' p,(H) [GeV]: [60, 120] [120, 200] [200, 300] [300, [ [0, 200]
ggF =2 jets mj<350 60<ps(H)<120 | ! | boost_0_ge2J m; [GeV]: [0, 350]* [0, 350] [850, [ 1 [60,120] [350, oo
=Tjet _60<pr(1<120 FERERRNES BOSBII=120 | [boost 0 1) |A20<Pr(HI<120 =1 jet gluon fusion + gg — Z(— qq)H VBF + V(- qaq)H

looF PHH=3001] ;| boost 3

200<p1(H)<300 200<pr(H)<300

200<pr(H)=3001| : [ boost_2

Ratio to SM

>2 jet: i>350 :
>2jets  m; IggF 2 jets m;>350 pr(H)<200 | :

12 H)<2 '
M»|ggF =261 ) =350 120=pr(H)=200] : | boost_1_ge2)

60<pr(H)<120 100<pr(H)<120

120<pr(H)<200 120<pr(H)<200

lggF =1 jet 120<pi(H)<2001] : | boost 11
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H— 17T

ATLAS
« STXS categorization is rich and follows the reconstructed
Higgs boson and production mode topologies

Production

modes

Cross-sections in STXS stage 1.2 framework

ATLAS H — 1t cross-sections (|y | <25
Vs=13TeV, 139fb”" e Observed —Tot. unc. — Stat unc.
— Expected [] Theo. unc.
1 Event categories ATLAS .
i H-orr
E P =5 jets and =2 b-tags [ ]
ets m;>350
V*qq

M

More details Thursday
easurements of Hi
t

pr(H)>200

M EWqggH  m;>350
>300

s boson

200<pr(H)<300

roperties in decays to
wo tau leptons with the ATLAS detector (Tong Pan

\
bt2
\

] [poon oo 20<E020
fbocs0.gon= 51 =
T(H)<
7(H)<

<120

N(jets): >1
: 100<pr(H)<120 =1 j
' boost_0_1J

> 1 >2 >0 >0 >2 i .
p,(H) [GeV]: [60, 120] [120, 200] [200,300] [300, [ [0, 200] ! i
m; [GeV]: [0, 350]* [0, 350] [350, < 1 [60, 120]  [350, <[
< gluon fusion + gg — Z(— qq)H
F=1jet 2 H)<20 ‘ boost_1_1J J20<priti)<200
Higgs 2023, Beijing

VBF + V(- qa)H
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138 fb' (13 TeV)

|
LI O O L BLRLLL BRI IR BLRLLLL BLRLLLL IR
é g Z g Z N Dot 16.5 +6.5-6.42
ggH: p> 300NN\

10.8 +8.63-9.43

« Cut-based cross check

42.3 +18.4-18.3

.m__observable + categorization agr: {200,300 e snnmn e STXS results in
e Neural network (main results) N\ 480 4173472 bins of nggs

138 fb' (13 TeV) NIy 8454285322 .
T“WWW P pT, O Or 1 JEtS,

777 +5.11-4.49 g 1, {120,200 89.2 +58.3-58.1 and mJJ fOr

58.0 +14.9-14.5

qqH: p:' > 200

31.3 +18.4-18.2

awz2im= RN p——— VBF.
« CMS also has

H:> 24, m 350,700\ N
™ ] R 0.964 +515-48.8 gaH: 1, PrIOBONN

A (193 vo51-042 ggH:OJP:“O,ZOO]_ _ ST 765 350-- _
 Ner VRE. NN G H:0J P01 0NN Y ¢ ¢ R ttH H
qu'NonVBFtopo\;\ P 613 +681-601 i ' NN\EEE ’ ol U
N

sl RN B e analysis.

Do 9
L1 h
VBF 30101234 1 W0 105 10° ggF 32101234 1 10 10° 10° 10* 10° 10°

Ratio to SM oB (fb) Ratio to SM oB (fb)
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VH.H — 77 NN <NEW

«Z/W leptonic decays + 7 ¢, Ty OR Ty1,Tiad

« NN and mass-fit analyses

ATLAS Preliminary
fs=13TeV, 140 fb’'
VH, H-1t

Signal region, postfit

Entries / Bin
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—4— Data
- VH,H - 1t
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Signal region, postfit
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Misidentified jets
I Other
2 uncertainty
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ATLAS Preliminary
s =13 TeV, 140 fb™!
WH, H"[hadthad
Signal region, postfit

Data/Pred.
e =
g o NN o

NN score

—+— Data
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w

Misidentified jets
Il Other
2 Uncertainty
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NN score
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ATLAS

EXPERIMENT

ATLAS Preliminary —+— Data

{5 =13 TeV, 140 fb” B VH H >
ZH, Hot gy w

Signal region, postfit

Entries / Bin

Misidentified jets
I Other
2 uncertainty

ZHTHaLdTLep

Data/Pred.

01 02 03 04 05 06 07 08 09 1
NN score

ATLAS Preliminary —4— Data

s =13 TeV, 140 fb™! Bl VH, H > 1t
WH, HoT Ty w

Signal region, postfit Misidentified jets

I Other
2 Uncertainty
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VH, H — 77, Mass MW PATLAS

EXPERIME

f‘ATLAs Prelir‘ninary —+‘— Data
[ {s=13TeV,1401b" Bl VH H- 1t
F2H Hot T, w

jS\gnal region, postfit Misidentified jets
I Other
Uncertainty

«Z/W leptonic decays + 7 ¢, Ty OR Ty1,Tiad

C ‘ATLAS Prelir‘ninary —#‘— Data ‘
—is=13TeV, 140 fo" Bl VH,H > o

w

Misidentified jets
I Other
Uncertainty

Entries / Bin
Entries / Bin

« NN and mass-fit analyses

3
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VH,.H — 17 ATLAS

. EXPERIMENT
NN and mass-fit analyses

ATLAS Preliminary {s=13TeV, 140 fb™

e Evidence-level signal!

—Total —Stat. VH,H— 1t

Tot.

138 98 (0

Significance (o) e 2

WH
ZH
Combined

Higgs 2023, Beijing Chris Palmer - November 27, 2023



VH.H — 7 NEW ATLAS

. EXPERIMENT
NN and mass-fit analyses

II|I]I|III|III|III|I{I|II
ATLAS Preliminary {s=13TeV, 140 fb™

e Evidence-level signal!

—Total —Stat. VH,H— 1t

Tot. ( Stat, Syst.)

+0.86 +0.76 +0.41
1.35 -0.70 (—0.65 -0.26 )

Significance (O_) A 0.92 38 (705 0%)

+1.12 +0.71  +0.
1.84 -1.01 (—0.68 -0.

More details early today: 36 082 (051 0
Searches with H->tt at ATLAS (Antonio De Maria) |

+0.44  +0.
(—0‘39 -0.

< 9|2 e
Combined

(—0.29 -0.
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CP Violation and Anomalous Coupling Searches

CMS/!

ATLAS
.ttH, H — bb, «ttH/tH, H — multilepton,
ttH,H — y7, ttH,H — yy,
H — 77, H — 77,
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-006/index.html
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-006/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-007/index.html

S ATLAS Run 2

ummary

«Higgs boson couplings to third e
generation fermions are firmly

established by both ATLAS and CMS. /b

« Now efforts focus on differential
measurements, more niche signals, and e ——

. 3 - orce carriers 1ggs boson
refining techniques as we head toward - v

HL-LHC.

o Full Yukawa agenda this week including
two session on the frontiers of
couplings. |

. 10 10°
Particle mass [GeV]

https://www.nature.com/articles/s41586-022-04893-w
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http://More%20details%20Thursday:%20Property%20measurements%20of%20the%20Higgs%20boson%20production%20in%20association%20with%20top%20quark%20at%20the%20ATLAS%20detector%20(Ximo%20Poveda)
https://indico.ihep.ac.cn/event/18025/timetable/?view=standard_inline_minutes#b-14982-parallel-precision-yuk

Thank you! Questions?



EXPERIMENT

e Mass-fit

rrr17rroryprororprr Ty r T T T T T T rr1r1yror o7y rororprrrT T T T T T T T
| | \ | | | | | | l | |

Significance ATLAS Preliminary ys=13TeV, 140 fo ATLAS Preliminary ys=13TeV, 140 fo
exp | obs

WH 14 1.7
Tot. ( Stat, Syst. . ( Stat,
Combined 25| 35 A R

—Total — Stat. VH,H > 1t —Total — Stat. VH,H —> 1t

+0.75 +0.64 . . +0.55
-0.63 ( -0.57 . - R ( -0.47

+1.90 +0.97 . . +0.71
-1.81 ( -0.95 . - -1. ( -0.68

+0.84 +0.63 . X +0.51
( -0.60 . - -0. ( -0.47

Significance (o)
WH | | | | | |
ZH : : > 4 6 8 10 12 4 6 8 10 12

Combined . : ue, T
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