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SPHiggs measurements with H=>VV :
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1. Selection 3. Perform fit to subtract background Eur. Phys. J. C 80 (2020) 957
- object selection and unfold to particle-level 1 Combare results with
- Higgs boson reconstruction fiducial phase space ' th P dicti
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https://link.springer.com/article/10.1140/epjc/s10052-020-8227-9
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e Differential cross section of ggH + XH (VBF+VH+ttH+bbH).

« Unfolded Higgs pT and rapidity distributions are described
well with current statistics
« Consistent results between H>ZZ and H->vyy
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e Constrain on Yukawa
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e« Constrain on Wilson coefficient
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B Constrain on Polarization(H>WW + 2jets) 6
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« Higgs coupling form factor to polarized W and Z bosons. 5 [ amassiomen T
] ] ] _ & 027 {s=13TeV, VBF H —» WW*— evuv
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https://arxiv.org/abs/2109.13808

EBConstrain on CP (HOWW and ttH H>yy) s

ICEPP PRL 125 (2020) 061802
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« CPV Higgs coupling inherited by Yukawa coupling.
« Higgs-gluon vertex could have CPV.

L= % [k, [cos(e) + isin(a)ys| y; } H

H>WW analysis ttH analysis
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ggH category based on BDT Based on ttH observation analysis
A¢ of two jets is sensitive to CP. BDT for categorization and CP-even/odd separation
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B Constrain on CP (HOWW and ttH H>yy) s

« CPV Higgs coupling inherited by Yukawa coupling.
« Higgs-gluon vertex could have CPV.

L= % [k, [cos(e) + isin(a)ys| y; } H

H->WW analysis
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Similar level A pure CP-odd coupling is excluded at 3.9 &

sensitivity la| <43 degree at 95%CL.
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£BSimplified Template Cross section (STXS)

 Pre-defined truth category for combination LAC Higgs WG
* [n order to maximize sensitivity to BSM couplings
e Separate production processes and pT of Higgs
« A lot of effort to reduce theory uncertainties

« Staged implementation according to statistics
« Started with Stage-0 (kappa), now upto Stage 1.2
« Optimize analysis in each category = maximize sensitivity
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWGFiducialAndSTXS?redirectedfrom=LHCPhysics.LHCHXSWGFiducialAndSTXS

QDSTXS analyses :
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ggH production is divided by Njets and Higgs pT

Use multivariate technique for categorization :
Two step categorization in H>yy analysis .

e Multi-class BDT to classify into STXS truth category )
« Categorize more in each class based on Signal to background
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SBSTXS results (ggH categories™®) o
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e« Constrain on Wilson coefficients

e Result for H>ZZ->4lepton
Sensitive on couplings related to ggH and HZZ.

2-D scans are also performed.

Eur. Phys. J. C 80 (2020) 957
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More results to come soon on H>yy and H>WW. For combined result, see Hannes’ talk.
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« Measurements with H>VV from ATLAS experiment

« Fiducial differential cross section measurements
« Simplified Template cross section measurements

« Sensitive to various SM and BSM couplings:
* Probing Yukawa coupling via top loop or ttH
* Proving polarized coupling, CP-odd and CP-even couplings
 Making constrain to Wilson coefficients

 Most of the measurements are statistically dominated.
« Large statistics will open new and interesting phase space
« New analysis technique / methods are being developed.

We have only 5% of full data set of 3000 fb-1. Stay tuned!



nnnnnnnnnnnnnnnnnn

Extra materials

14



)

ATLAS :

EXPERIMENTICEPP

STXS result

The Uniersityof Tokyo

gg2H-0/ —p:—Low
gg2H-0j —p;"—High

gg2H-j —p:—Low

ag2H-tj-p¥-Med |
gger-y-pH-High [

gg2H-2/
ggZH—p;"—High
qq2Haq-VH
qq2Hqg-VBF
qq2Hgg-BSM
VH-Lep

ttH

15

B |
Z | AN
T T T I T T T I T T T I T T T I T T T I T T T
ATLAS Preliminary Fed Total Stat. =3 Syst. | SM
Vs =13TeV, 139 fb”'
H_>YY' mH = 125.09 GeV Total Stat. Syst.
4 +0.31 +0.18
v 99-H0J0 <p!10 == 0.76 {30 (£0.26, 16
=0 +— . +0.20 +0.13
ATLAS T 7 SamHOIE> 10 117 919 (015 g41)
Z271) | e . .
L i e +0.44 +0.19
H—Z7" = 4| z3| ———— 9910 <p, <60 I__f_l 091 o435 (£040. 546
. = | E +0.39 +0.15
Vs=13TeV, 139 fb™ 50 ; - 99-2H 1460 <pl! < 120 |_|E-| 118 537 (2037, g0g)
L L L L L
Reduced Stage 1.1 - Jy | <25 T ia T Te s gg—H 14120 < p¥ <200 —=— 070 £052 (+050, 1
NN,
—&— Observed: Stat+Sys SM Prediction s agoH 2200 <m, < 350,0 <pH < 60 I 047 128 (+116 4055
o (c-B)  [fb » T | — = 47 121 (450 -038)
[m] Observed: Stat-Only p-value = 77% o8 [fb] oB), [fb] +057  +0.13
— 4 ] 99—H 2200 <m, <350,60 < p7 <120  |—pE—] 0.28 +0.59 (44 ;
L 170 £ 55 176 £ 25 T 0587 -0.12
| ‘m 630 £110 55040 | 99-9H 2240 <m,, <350, 120 < pf < 200 | 060 237 (045, Grs
L ; |
i 220> 550, 0 <o < 1099 4088 +0.47
= : 50 + 80 172+25 | —— T 99222/ m,, > 350, 0 < py <200 == 225 o1 (087+ 020
Com 170+50 119+ 18 .. JH200 < < +040 ,+0.38 +0.13
: 7 ATLAS Prellm'na Fed Total 99-2H 200 < p < 300 == 100 937 (L0360 -0.09
- 9'is 20+4 ry i oti +057 4055 +0.14
B ; C12 B [ Statistical Unc. 99-H 300 < pl! < 450 —= 020 50 (.049- -0.00)
=—3 40+75  127:27 Vs=13TeV, 139 b : s ias e
! o = _ . Il Systematic Unc. dgH g » 450 ——e— Jeq t145 4144 017
; - 38 1544 o T 64 446 (116 006
| ! “16 .. H—- WW* - evuv I"  SM Prediction S I 155 M1 (1115 044
Coom + 1387 mraas === = 108 (1020 -0
L ? 12;(;33 o7 (;'1»‘;4 = p-value = 52% Total (Stat. Syst.) SM Unc. aroHgq 220 0<m <60[120 <m_<380 +112384 +11_0720 3)_3781
| . 52 Css | . - “ “ I — 1316 57 (Gi2r 057
= ; 05773 4204018 9gH-0j, p** <200 GeV 120 “018 ( fo%e. o1y 1 zoo0e qamHeq 2260 <m, <120 —= 076 105 (1091 w0325,
L ! , . 083 (080" 0.
— 2228 16.4+£ 04 i pH +0.59 +0.30  +0.50 . cm < <pf< I +0.73  +0.62 +0.38
~ Cn - 1 25;;2 154410 | 9gH-y. p7 <60 CeV 085 "y (o030 —052 ) E +0.14 947HGq =24 380 <m,, <700, 0:<py <200 F_aT—l 079 g5 (0560 -032
= f e 17 T -13 i 0.53 0.32 0.42 N <pHe +0.35 ,+0.28 +0.21
L — ggH-1j,60<p" <120 GeV 073 "5 (o3, Coar) E +0.16 aq-Hgg220m > 700, 0 <p't < 200 |.i-g.| 109 1035 (1025 021
L \1. L (\) L ‘\I L 2\ L :\3 L 4\- L é—) L é L 7| gGH-1j. 120 < p™ <200 GeV 146 OB (<088 s0ds 1 oo o Hag 22 m 350, f = 200 I i 135 +(;);:105 +(§)_;(; +g_1270
— ! T - -0.78 -062° -047 . . -0. -0.36" -0.
v 0.71 0.22
B/(-B) 9gH-2j, p" <200 Gev 153 1072 (1041 08T g o 025 <150 == 241 79 067, G
G-b/\O: Y DO ' +116  +1.14  +0.19
su 90, /> 200 Gev Pt 217 0 (050 1 com —— 268 a8 ot
- - 1
) . ' IO <pY <150 ) 1099 +096 +0.26
EW qgH-2/,350 < m, <700 GeV, p!/ <200 CeV | |- 020 0% (0%, 0%) 1 osom P == 108 057 (1085 -0.20)
. oY > 150 +111 +1.10 +0.16
EW qgH-2j, 700 < m, <1000 GeV, p'* < 200 GeV e — 050 “DE(h 02y Lo K 010 003 (091 -019)
j +0.51 +045 4025 N tH 0 < pf < 60 —a=— 076 083 (+0.80 4021
EW ggH-2j, 1000 <m, <1500 GeV, p* <200 GeV 1.07 ( “o41, —033) 1 =*0.10 T [ -0.70 1-0.68> -0.17
! T o4 o ' 160 < g < 120 0.7 054 #0853 +0.0
EW qgH-2j, m > 1500 GeV, p"' <200 GeV 0.96 *0I (03 40y 008 T t -I J 72 046 (046" -008)
i T :zj; ot ot )y 120t <20 | | 106 1083 (1081 <07
EW qgH-2/, m,, > 350 GeV, p* > 200 GeV 143 00 (9n, Toe) 1 =009 ] 0 1082 014
T | A ot oss 33 (35 2
PEPEIPIIPEN PSS ESEE SIS EPEEErE SR P T R " I EI i 0'85+;f18+;;13+::87
T -2, -2.21° -0
_1 O 1 2 3 4 5 6 7 8 1 1 1 [ 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 ]
G/ o -4 -2 0 2 4 6 8
SM c"lcll,



https://link.springer.com/article/10.1140/epjc/s10052-020-8227-9
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-014/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/

@Constrain on Yukawa Coupling L

Eur. Phys. J. C 80 (2020) 957
C —

« H>77 54 Ieptons Use only pT shape: Use rate and pT shape:
-11.7<K<10.5 -7.46<K.<9.27
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GDSTXS categorization in H>yy s om0

EXPER IMENT
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Other processes

e |deal case: 100% correlation betvveen truth and
reconstructed categories and good S/N.

Step-1: multi-class BDT for STXS bin
« LightGBM package + optimization 02
« input var: pT, n, angles of v, jets, leptons, E;Mss, etc ;
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« CPV term in Yukawa coupling are not suppressed.
L === {irke [cos(@) + isin(a)ys|ue} H

Hadronic CP Discriminant
o
Fraction of Data Events

« Based on ttH observation analysis
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-F T result with H=>WW
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e Include interference between H>WW and WW

ATL-PHYS-PUB-2021-010
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9 Higgs Mass measurement
,,,,,,,,,,,,,, .
ATLAS ~Total * Stat. only
Run 1: \s = 7-8 TeV, 25 fb, Run 2: ¥s = 13 TeV, 36.1 fb”! Total  (Stat. only)
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Run 1H-yy H——e——1  126.02 +0.51 (+0.43) GeV
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 ATLAS+CMSRunt —_— 12500 £0.24 (£021) GeV
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| S rO p e r | e S o - —— Expected
N ICEPP ! TH" —ZZ —4l22v - Observed-Stat. only
1213 Tev, 36.1 b — Observed
L Kgnv, on-shell = Kgpv, off-shell
10

e Mass : 124.97 + 0.24 GeV
« Width: < 14.4 MeV (Expected 4.2 MeV) °

Indirect: 15.2 MeV ‘2‘
Spin-parity: JPC = ot S

0 1 2 3 4 5
Phys. Lett. B 786 (2018) £A8
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