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ll Physics motivation

¥ Aoto Tanaka (U-Tokyo)

H->bb Yukawa coupling constant may deviate ~O(1) % from the SM

by the effect of BSM physics model

has sensitivity to some BSM physics model

with Effective Field Theory interpretation

MSSM (tan =5, M, =700 GeV)
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£ Supersymmetry
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. ILC Projection 250 GeV, 2 ab™", EFT fit [arXiv:1710.07621]
—— Model prediction
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Minimal Composite Higgs Model 5 (f = 1.5 TeV)
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Composite Higgs
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. ILC Projection 250 GeV, 2 ab™ EFT fit [arXiv:1710.07621]

—— Model prediction

K. Fujii, et al. arXiv:1710.07621 (2018)
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& Jet

A hadron containing quarks is observable, where a
quark is unable to be observed as a single particle,
because of the confinement effect of quantum
chromodynamics. As a quark decays with velocity,

— O

4 . WY T § ? I, 3

| S—

@ O —@ O

b —

Fig 4, Fragmentation

a lot of hadrons are produced in the flying direction of the quark due to the process of
fragmentation (see Fig 4). Then the detector observes a bunch of the hadron showers,

what is called “Jet”.
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ANA-HIGG-2020-20 (Glance)
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/ /
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L STXSEAE
Leptonic decay : Z > vv (0O-lepton), W = v (1 Iepton) Z > Il (2-lepton)

*|=¢e,u (tin 1-lepton)

* Lepton DR EEEMR N M5, pTH @ proxy & LT pTV #EHA
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https://atlas-glance.cern.ch/atlas/analysis/analyses/details?id=5006
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’ +
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. = q wt 40760 80 100 120140 160 180 200
v/Z M, [GeV]
q ¢ 22ODb vy D
_ g W rEBEEDH
A q Z
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q L o [arXiv2007.02873v2]
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q q 8§ F ATLAS ~-Data ]
o 250 ys-13Tev, 139 b Bl VH,H - bb (u=1.17) |
o C - [0 Diboson ]
= [ O+1+2leptons [ Top (2-lepton) 4
g q q g o 200-_ 2+3 jets, 2 b-tags t ]
5 - Dijet mass analysis [ Single top -
3 Weighted by Higgs s/8 Il W+jets ]
E 150 B Z+jets —
. = []B-only uncertainty |
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; _
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—— S = > o L L L AL BN ISR
s [= =] | S 2000 ATLAS Internal K 3 — 3:‘?25
l VHbb ﬂtl: *ﬁ ChH= %;&E :]:R Tt A K
L% 1600 ;_ztg oV >0 Gev Shape 11.3 0.0469_; -m
14005— —E =§+sb
; E B z:bl
> Jet : oo ER— P
- > 2 signal jets o3 ERL T
- 2 b-tagged jets o0l R =
- Leading b-jet pT > 45 GeV o ] [ pusae
= . 2 02 0.0: 3 [ stat
- Sub-leading b-jet pT > 20 GeV P b b e =
- Other non-Higgs candidate jet pT > 30 GeV R S US: |
] 2 lepton®mass ™
» Lepton:
-V Ao B 52D Dlepton — .
- O-lepton: MET triggers ; (8= 13 TeV, 139 " 2
. . 5 . 1 lepton, 2 jet, 2 b-tags 0.8
- T-lepton: single electron/muon trigger & MET trigger 9q — WH — Ivbb
- 2-lepton: ee/mumu T AZEEEH m_Z{+k -

High AR CR

> Signal$gigi/Control$gis :
- pTV(Z) &b-jetB D EERE(AR) IZHE > T | g
signal N X BL 89 7% E1s & BGAS X BL RO fEE (2 8 0 Low AR CR

200 250 300 350 400 450 500
py [GeV]
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l FIt region overview

Flavour tagging
VH(cc)
" 2 jet 3 jet 4+ jet 2 jet 3 jet 4+ jet 2 jet 3 jet 4+ jet
>1tightc-tag | : ‘ ; g ' ’ NEW w.r.t. UA1 talk:
Lepton flavour ey ~  TopeuCR Top ey CR Topeu CR Top ey CR Top ey CR Top ey CR
2 jet 3 jet 4+ jet 2 jet 3 jet 4+ jet 2 jet 3 jet 4+ jet e ged H P SR and LP SR
Tnotag |- ca cr oA o in boosted VH(bb)
1 loose c-tag
(LN tag) |= CR CR CR CR CR CR [
2 jet 3 jet 4+ jet 2 jet 3 jet 4+ jet 2 jet 3 Jet 4+ jet
o SR SR SR SR
HighARCR  High ARCR HighARCR | High ARCR
1 no c-tag
1 et o e SR SR SR SR
Ightc-tag |+= HghARCR = High ARCR High ARCR  High ARCR High ARCR | High AR CR
(TN tag) K SR SR SR SR SR SR
&' High ARCR High AR CR High AR CR High AR CR High AR CR High AR CR
1 loose c-tag 2 jet 3 jet 4+ jet 2 jet 3 jet 4+ jet 2 jet 3 jet 4+ jet
) 2 SR SR SR SR
1 tlght;_:-tag o HighARCR' = HighARCR' HighARCR™ | HighARCR'
ta . o
(LTtngh 4 SR SR SR SR SR SR 1 Note: CRHigh split into 1 loose c-tag +
* = HighARCR' HighARCR' HighARCR' High ARCR' High ARCR' | High ARCR 1 tight c-tag and 2 tight c-tag regions
2 tight c-tag 3 SR SR SR SR SR SR
( T tag) ' High ARCR' High ARCR' High ARCR' High ARCR ' High ARCR' High ARCR ' 2 4+jets in 2-lepton, =4 jets everywhere else
Legend
Signal region (MVA
1 c-tag ‘ i
= Regions with binned distributions (MVA, m,, mdJ or pTV)
1b tag cc:
(BT tag) T Regions with a single bin
Boosted VH(bb)
2 jet 3 jet 4 (+)jet? 2 jet 3 jet 4 (+) jet 2 2 jet 3 jet 4(+)jet?
= = E e & 5 SR
a SR SR SR SR SR SR = ae
hdig HighARCR = HighARCR = HighARCR | HighARCR | HighARCR = High ARCR Top CR Top CR
(BB tag) Low AR CR Low AR CR LowARCR = LowARCR Low ARCR Low AR CR SR SR
-~ SR SR SR SR SR SR 2
HighARCR  High ARCR HighARCR  High ARCR HighARCR  High ARCR Top CR Top CR
a SR SR SR SR SR SR SR SR SR 5 SR SR
HighARCR = HighARCR = HighARCR | HighARCR = HighARCR | HighARCR | HighARCR | HighARCR  High ARCR
75 GeV 150 GeV 250 GeV 400 GeV 600 GeV pr
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- REAK (BDT) %{#H

- EBEREBEBRTDITAHEDIC
MCHYUTILEFERLTEE

- TNTENDOEBIEE THREESI N
EEIFHEHNANEH

- 75 B%EFEEYUTIL, 25 ETANFUT)L
ELTHREEZHL

- EB5E%% VH(H>bb) £ B5FETILE.
EE5E8% VZ(Z>bb) LT BETILERET S

- FEL-ETILOE A score THH
[-1,1]T. -1 BB, 1 MESERE
- Fit Tld. MCH Y FILEEBRT—2 DH B score
NDEWVNEHD
- FEICERINEMCH U TILE Fit ICERASINS

¥ Aoto Tanaka (U-Tokyo)

VH,H — bb/c¢ VH,H — bb
Resolved Boosted
Variable Name O-lepton 1-lepton 2-lepton | O-lepton 1-lepton 2-lepton
mj j, Ormy mBB / m] X X X X X X
M jsis mBB] x x x
pT or pj** pTB1/pTBTrk]1 X x x x
P or = pTB2 / pTBTrkJ2 x x x
= pTBTrkJ3
> pT sumPtAddJets X X X
i#1,2
AR(j1, j2) of AR(j1,teks jo,trk) dRBB / deltaRbTrkJIbTrk] x x x X x x
[An(j1, j2) dEtaBB x
binpy1:(J1) bin_btagBl/bin_bTagBTrkJ]1l X X X X
binprir(j2) bin_btagB2/bin_bTagBTrk]2 X X X X
j24 pTV = Eis x = Eiss x
Eqiss MET X X X X
Emiss /St METSig
[AY(V, Heand)| dYVBB/deltaYV] x x
|AG(V, Hegna)| dPhiVBB/absdeltaPhiVJ x x x x
min[A¢ (¢, b or ¢)] dPhiLBmin
Meg MEff X
my mTW X
Miop Mtop X
megp mLL
cos6(¢~,2Z) cosThetalep X
( p.f.l - E.’lf‘iss)/m.l‘.” lepPtBalance X
j28 pTL X
N (track-jets in J) NAdditionalCaloJets X
N(add. small R-jets) NMatchedTrackJetLeadFatJet X
Colour Colour X
min{AR(b, j)} minDRBjets X X

ICEPP symposium @ &5

Table 1: MVA variables used for the 0-, 1- and 2-lepton channels in the resolved and boosted topologies for the
VH,H — bb and VH, H — c¢ analyses. The VH, H — c¢ analysis only probes the resolved topology. The Higgs
candidate system, composed of the 2 small-R jets (bb or c¢) for the resolved regime or of the leading large-R jet (J)
of the event for the boosted regime, is sometimes denoted H_,png-

RIRDBEZHD input TH—E
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l STXS framework & VHbb 7 TO ZH|#x & E&E

1
B Simplified Template Cross-Section (STXS) Twiki B

- Differential cross-section Z 5% :8I5E
- Theoretical dependency Z&/MELTzBIE LGS KD

Truth LIV THEE S T Z&EE BZ M

- EFT THRRLE L TBSMORBEREZR AT & RFH

Leptons
Stage 1.2 VH = V(— leptons) H
[
u Truth pTV T bin 771% (_La €r ) | a7 —>[WH | qq—:ZH | 99—>IZH |

- EFTf##R 72 & THigh pT $BTO BSM [T 2 BREZFHF TS ”z|l

B Truth ISR nJet T bin 221+ (NEW)
- QCD scale variation IZ& % nJ Bl migrationZFNE V%
ZEETICHERAENTES -

ot
o

Truth pTV

=N
=3
=)

---------------------------------------------------------

0-jet 1-jet > 2-jet O-jet 1-jet > 2-jet O-jet 1-jet > 2-jet

NEW Truth ISR nJets
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWGFiducialAndSTXS
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-04/

Jll VHbb 4T TO STXS AIEDEE

Stage 1.2 VH = V(— leptons) H
|
[ I
[w—wn | [woza ]
pr | |
0 T T T T T T
N S e U N e O
75 I [ |
| A
[ I
|
I

B ELANIILEELC bin 2+ %E A : e |

. % STXS bln 0)1;!& \%E$E®IEI]Eﬁ1£ ~ 0-jet E 1-jet ;2 2-jet 0-jet E 1-jet Ez 2-jet 0-jet : 1-jet :z 2-jet

ATLAS Simulation Work in Progress ~ STXSvsnJBin

- ﬁg*ﬁ I/&)L o) %bln —G ﬁﬁFlt %??5 E 250<=pTV, 2b+1Jet 300
c 2' 250
~ . . . N 250<=pTV, 2b+0Jet
- MC 5 BG estimation % L T. signal OEE#ERIE QL 200
.|£_J 150<=pTV<250, 2b+1Jet
. . . o . 3
- MC Template @ Migration Matrix T BI%E L 7= signal # = 150espTVaz50, 2osculr 0
Truth LARJLIZBEZET (“Unfold”) <>j,_<° 10
] W 50
C MC S|gna| model 0)|:|:|'C- 75<=pTV<150,2b+0Jet .
s S S<sp 5<§p - - 50 0 50<,
FRHT L AL & Truth LA D LVTLNS e T

B LARILD bin ™
MC singal TE% L 7= migration matrix
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B FSR EIEBITOLE (1/2) ~coy AFEREOEHR~

> EVIRADEEDAERERLEIZIE,. EVIRRAFROBEMROEEIENAVLETHS

> IEDFERITTIE. Ev ST RAFED b Jet LD Jet I(FRFIEL b TLVS

- Final State Radiation (FSR) : E v % R BRi% B3 D #% 4K REEF 5
- Initial State Radiation (ISR) : & v 4 X LL4} 3k D 154K RE &5 5

B EYITRDAZTEEN FSR HED Jet 2 ITiEL
B EHMG2D0 b Jet RTIEAELC ., FSR Jet 2833 0D Jet DR E L THEROBEELNANE

ATLAS Simulation Work in Progress

"% - 'y mBBJ | SRobta ag3je o _75pptv E
o oF gy -+ FSR
: -~ ISR ]
» = 2 o —
1 EYvIRALE= /E/v o:‘w. —+ pileup 1 B1
B ~125 GeV ITE—7 | sf . "'; + combined ISR Jet
3 ‘ Ldt =139 fb" 1
Pt o \., s=13TeV
Jet - N ZH — llbb 1 .
05__ o - ' — Q/ ~
~ : e 'o." \ : BZ H \/
B 2 2000 nr ORI

H [ e N i it

V %400 200 300

3DONDIJetDAREEE [GeV]
_ 202412118 28 /12
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B FSR Jet DA BEMTREZHBDREE

> UTOBEOIT. blet EENEND Jet DEXMLEZF REEAT-
- ISR, pileup [& 2 b Jet R&EIFEBERICKLET S FSR Jet

B1

-FSR (& 2 b Jet ROFELIZHET 5 ISR Jet

B2

» FSR Jet A* 2 b Jet DFEIZEF L THHL TS y
- dR(B1J3) + dR(B2J3) A, FSREZIhLHD T v FORBIZFIATEZE D

ISR FSR

ATLAS S|mu|at|on Work in Progre.s.s. . ATLAS Slmulatlon Work i |n Progress

ATLAS Slmulatlon Work in Progress . %1073
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B FSR A CEREICHDIEHMERTE AL

ATLAS Slmulatlon Work in Progress

o | § M e e
> MCH U T ILEBERLT <2 e ey, 21 - R _S_R_?bfagéléf_. o
BT L AL TR T 5 EM A = O T SR
- dR(J3B1)+dR(J3B2) e Fpfsmmersmone g 210 pileup
Y B—RY L DEHE 1 - ab EEEG L a
> FESAK " 6
CutEBRMMEEE 0 . o .
- FSR /ISR + -
ABAIEIZ 4 % 85 TCUtBIsgFit S
ACUtBRUAROCRIE =75 5= %50 100 150 200 250 300 350 400 450 500
3 jet BRIZX LT, FSR recovery DiEE%E3 5 pY [GeV]

CutBi%k : dR=1.44 + 4.10e-4 * exp(-1.05e-2 * ptV + 8.98)
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= ~2jet~

B D v/ REENERED

. ATLAS Simulation Work in Progress o ATLAS ISlmulatlon Work in Progress
T i Ldt = 139 fo™ SR2btagZJet 150 Izsomi T 4 [Ldt=1391b" SR2btagZJet 150 I2509§
o 0.5 H ) u s
> - Vs=13TeV,ZH — lbb = - V{s=13TeV,ZH - Iibb
L B L 3 5_ ¢  After FSR recover
- Integral ¥ 3Jet mass, FSR recovery - Integral ery
0.4 E :: ggg v 2bJet mass 3 - % ;Zgz o Before FSR recovery
E mean[GeV], o [GeV], asym E 25:_ mean[GeV], o [GeV], asym _:
0.3 - i ]
& — - 124.60, 13.54, -0.04 : 25_ — - 121.45,13.69, -0.11 _:
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: 1 1 =
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> 3jet o 2jet "NBLEEBERODFTE6 % E5WVWEIETIELLWL FSR ZREELT:
> FSRrecovery #1T21-F&% 3 jet RELTEY I REEDBERZITL.
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> BEE7EE
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Events
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ATLAS Simulation Work i |n Progress _
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L 5=13 TeV, ZH — libb \
B ¢«  After FSR recovery
2_— — | I1nstz?1ral
- O 20: 43 o Before FSR_recovery
1 5?_ mean[GeV], ¢ [GeV], asym / _f
- — 120.93,14.38,-0.16 ]
1:— — 119.74, 15.76,-0.20 —:
0.5 =
ol L. E| Ll Sl
0 20 40 60 80 100120140160180200
mBB [GeV]
:|:7==—e.—

ICEPP symposium @

TN =N 055

NEEEEDRE ~3jet~

> FSR ERIE LT Jet #ZRIESHE. WHT3 jet BRTHD EVIRFEE=EDR

TmEEE

202412118 32 /12 @:5 a>



B Q® v/ AREHENESRED

> &EEBDIESREEIL. FSR recoveryfiié XKEIFHEL< .
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—ATLASS|muIat|on Work |n Progress
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WRAIERR
E [Eur. Phys. J. C 81 (2021) 178]

\l&

é E ATLAS VH, H — bb, V — leptons cross-sections E
S 8‘ — (5=13 TeV. 139 fb" ® Observed ==Tot.unc. ==Stat.unc. _|
M 10° — ’ — Expected [ | Theo. unc. —
X - -
a — _
IUJ a B Vv=W V=2 -
x 10° =
o} ]

!

10

Ratio to SM
)
-
I .;i:l_ 1.
ke
e

15

1 -

W, 2t
%0 o XA B 75? 2t Isovpz.z o =25,

R 50
T TQSOGGI/ OGel, r <75(;Ge'/ r ?2506 o, Ge|,

0.5

Figure 7: Measured VH, V — leptons cross-sections times the H — bb branching fraction in the reduced STXS
scheme.
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https://link.springer.com/article/10.1140/epjc/s10052-020-08677-2

= = AJ#: ]l—'—l guﬁgi%ﬂi -
1=| -’??,Ei X//E\I J-\E O) I:IIE\' AT n Source:of uncerainty VH | WH  zH

Total 0.177 | 0.260 0.240
Statistical 0:115° | :0:182 0,171
Systematic 0.134 | 0.186 0.168
Statistical uncertainties
AR A AN A R R Data statistical 0.108 | 0.171 0.157
T tt ey control region 0.014 | 0.003 0.026
' Tot. (Stat, Syst) Floating normalisations 0.034 | 0.061 0.045
WH 0.95 102 (1018 4019 Experimental uncertainties
V025 185 0.
Jetg 0.043 | 0.050 0.057
ET™ 0.015 | 0.045 0.013
ZH Hod 1.08 02 (317,%018) Leptons 0.004 | 0.015 0.005
_____________________________________________________________________ b-jets 0.045 | 0.025 0.064
b-tagging c-jets 0.035 | 0.068 0.010
Comb. 'T"' 1.02 2% (9%, 0048 light-flavour jets  0.009 | 0.004 0.014
e T S e L Pile-up 0.003 | 0.002 0.007
0 05 1 15 2 25 3 35 4 4'5Mbb5 Luminosity 0.016 | 0.016 0.016
VH
Theoretical and modelling uncertainties
Figure 4: The fitted values of the Higgs boson signal strength yl",l;l for mpg = 125 GeV for the WH and ZH processes Signal 0.072 | 0.000 9:107
and their combination. The individual u?2, values for the (W/Z)H processes are obtained from a simultaneous fit :
with the signal strength for each of the W}‘I/ gnd ZH processes floating independently. The probability of compatibility Z+ J.ets 0.032 | 0.013 0.059
of the individual signal strengths is 71%. VY +Jets 0.040 | 0.079 0.009
tt 0.021 | 0.046 0.029
Single top quark 0.019 | 0.048 0.015
[ Diboson 0.033 | 0.033 0.039
Multi-jet 0.005 | 0.017 0.005
[Eur. Phys. J. C 81 (2021) 178] MC statistical 0.031 | 0.055 0.038

-+ Ao 2
=N
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l Preliminary 73 &#i D {5552 EBIE DR

Group of NPs Group of NPs Impact

Lepton + 0.004
Data Stat only + 0.088 MET + 0.007
Floating norm + 0.029 JET + 0.026
Top ep CR stat + 0.011 Pile-up + 0.005
VH modelling + 0.021 FTAG PFlow (b-jet) + 0.015
Background modelling + 0.068 FTAG PFlow (c-jet) +0.008
Wi+jets + 0.036 FTAG PFlow (I-jet) + 0.003
Z+jets + 0.036 FTAG VR (b-jet) + 0.004
ttbar + 0.011 FTAG VR (c-jet) + 0.001
Single top + 0.008 FTAG VR (I-jet) + 0.001
Mutti-jet £0007 | MCSat %0020
Diboson + 0.020

2024/2/18 30
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Bl Diboson &#fiiaE kg

B Normalization uncertainty
- EEMERICE TS,
HRETILOARY PAEBBDINSA—ZDEWVZEL DA RN FHDRE Z
B Acceptance uncertainty
- RTEEB AN FEDEWNETFOHFEL.
HALAERBERIPXEMLFIEHEEN S, ZLDERNEET HEFTHEHETORSIEVZHETE
-ERETILOAARNY FERBED/NTA—FDEWNZLSHEDIRE Z 1M
- Jet number bins / pTV bins / lepton channels
m Shape uncertainty (% EZTHEHRBL TL I ETILRIRHFRE)
- CARL / mBB reweight
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l MBB DA EfE > - EH T

- mBB shape @ EEETILERBETILOEZZEEL
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Post-fit mva plots
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