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Introduction —

‘® It’s 10 years since the Higgs boson discovery (2012): ]

| |
- @ Measurements of 1ts properties with full Run2 dataset (2015-2018) in
| excellent agreement with the SM (See Gangcheng’s talk)

' @ Inclusive and Differential Fiducial Higgs measurements: \

@ Test the SM Higgs boson properties and probe for BSM contributions: |

@ measured differential cross-sections distributions are compared to |
state-of-the-art SM predictions

@ Less model-dependent measurements: small extrapolations and SM }
assumptions

@® H—YYy channel measurements arXiv:2202.00487:

|
SRS o i< airod years
\ @ No separation of production modes 1S aime | H IGGS b 0S
' @ Observables sensitive to New Physics, contributions of different l discovery

Higgs boson production modes, CP-properties and QCD eftects '

@ Cross-sections measured are used in the interpretation via EFT
theory and setting limits on Yukawa bottom- and charm-quarks using l
di-photon pT shape information

L — R

H—-vyy differential and fiducial cross-sections measurements | Fabio Lucio Alves | Aug. 08-11 2022 Dalian | CHEP2022


https://indico.ihep.ac.cn/event/16065/contributions/114737/
https://arxiv.org/abs/2202.00487

H—vyy analysis in a nutshell

@ Signature: two reconstructed 1solated

photons

» diphoton vertex: NN algorithm, im

» kinematic selections:

» pI(y)) >0.35m,,;

proves mass resolution

pT(y,) >0.25m,,

» || < 2.37 (exclude 1.37-1.52 region)

» Jets: pT > 30 GeV, lyl <44
» 105 GeV <m,, < 160 GeV

» Signal Modelling:

» double-sided Crystal Ball function: MC simulation

® Background sources and modelling:

» SM yy production (irreducible) and y — jer and jet — jet (reducible ones):

» built background-only templates, GPR approach to smooth statistical

fluctuations in low-yields templates

» choice of the background model: signal+background fits to m

background-only templates:

YvY

» function’s choice uncertainty (‘spurious signal’)
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Measurement methodology

» F lducml regzon defined to closely match the
- detector-level analysis and object selections
| . : : : : |
» Differential fiducial cross-section are measured in
bins of the studied observable (bin i of a variable x)

v N '8 (measured signal yield): extracted signal ‘

events 1n data
f
|

|

v ¢ (correction factor): accounts for detector !
inefficiencies and resolutions eftects as well as |
migrations in and out of fiducial region

p———ee—— e —

» MC response matrix

v Ax (bin width): choice based on significance (close
to or greater than 26) and minimize migrations

Full Phase space

Reconstruced events

Fiducial region
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Fiducial cross-section measurement

o e g RPN DRy — g

Diphoton fiducial cross-section =

» Measurement 1s statistical dominated

H

1 | | | | | 1 1 L | | 1 | | I B I_ 0 0 0 0
W , Diphoton fiducial region
Diphoton fiducial | H—=>77, s =13 TeV, 139 fb” -o-
. unc. Syst. unc. ,
"t Data ot une vt une i Source Uncertainty [%]
1
VBF-enhanced e Statistical uncertainty 7.5
| Systematic uncertainties 6.4
N> 1 " Background modelling (spurio.us signal) 3.8
Photon energy scale & resolution 3.6
| Photon selection efficiency 2.6
High ET*° ~— <0.85 fb at 95% C.L. Luminosity 1.8
u ; Pile-up modelling 1.4
ftH-enhanced . <113fbat95% C.L. ‘S’%E’ﬁse;i”f ;"ﬁ ol Trigger efficiency 1.0
| | | Theoretical modelling 0.4
2x10° 1 2 3456 10 2030 10° Total 9.8
Oy [To] e

; 67 £ S(stat.) = 4(sys.) fb
. SM = 64 + 4 fb *
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4 |

) \y},},\ is sensitive to light- quark Yukawa
couphng and gluon dlStI‘lbuthIl in the proton |

— — o= =

——— — =

Differential cross-section vs p ’ and |y

4 ; Low pW' sensitive to bottom- and charm quark Yukawa

| couphngs

I
i
|

\ ; ngh p”“ top quark couphng and BSM effects

= - ATLAS == gg—H default MC + XH
JF . H—yy,{s=13TeV, 139 fb gg—H SCETIib:qT + XH
S T 1 11111111 1_1° T T T T T 80 -¢-Data tot.unc. = Syst.unc. mm o B oy =
2 . ATLAS H—yy, \s=13TeV, 139 f5" . ~ : Bl 99—H ResBos2 +
e _ o} ==+ XH = VBF+VH+ttH+bbH+tH -
— -¢- Data, tot. unc. ~ Syst. unc. © -
g 7 B gg>H default MC +XH
-
~ ‘& gg—H SCETIib::qT +XH
3 4 B 99-H RadiSH+NNLOJET +XH |
=l B 99-H ResBos2 +XH
1L - gg—>H LHCHWG (2005 07762) + XH )
_ "=t XH = VBF+VH+ttH+bbH+tH |
o
]
©
e
.2 =
= k:
e
9
& [ | | | | | | | | |
000 0.15 0.30 045 0.60 0.75 0.90 120 1.60 2.00 250
0 | | 1 1 | | | | 1 1 1 IyYYI
0 5 10 15 20 25 30 35 45 60 80 100120 140 170 200 250 300 450 650 1300C
BRI Good agreement with the SM predictions whithin the uncertainties
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Cross-section vs N]

ers

> Inclusive N (pT > 30 GeV and |y |< 4.4):
| » sensitive to different Higgs boson production modes and QCD modelling (ggF) ‘

|‘ I
N Nb—j - at least 1 central jet and veto on electrons/muons (suppress ttH contribution) }

» sensitive to Higgs production in association with heavy particles |

Good agreement with the

SM predictions

Jet-related systematic reaching up
to 24% in highest jet multiplicities

|¥% — —— —_—— — S ——— — —— ____|
o) | I e
= 100l ATLAS H—yy,Vs=13TeV, 139 fb = - ATLAS = gg—H default MC + XH
) 5 " H—yy,Vs=13TeV, 139 fb™" - XH = VBF+VH+ttH+bbH+tH ]
-¢- Data, tot. unc. = Syst. unc. ] 4 Data, tot. unc. |~ Syst. unc. |
_ == gg—>H default MC + XH _ 60 -
i v gg—>H Sherpa+MCFM+OpenLoops + XH
ﬁ B 59->H NNLOJET + XH ] ‘
gg—H GoSam+Sherpa + XH 40 _
50 v _

gg—H STWZ, BLPTW + XH
==+ XH = VBF+VH+ttH+bbH+tH

200 I

N

jets

o .0 R ———
é § 1.5}
o}
g g | —
0.5
=0 = 1 =2 =3 N;ft;“’a':O or N, >0 | =0 > 1
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leferentlal CroSSs- sectlon VS p ]J

R pJ i1 same range as pW but within
| coarser bins at low pT

= — _——

| ; Agb]] “sensitive to CP propertles of
. the Higgs boson

} hlghest b1n 1S most sens1t1ve
| to the VBF production mechanism

> () = 78% (default MC)

» p(r°) = 91% (default MC)

—
o
[¢,}
o |
o
°L

;‘ | | I S‘ I p— 5
) - ! i - i I | T
(\D 104_— ATLAS 1.gg HdefaUIt MC+XH — 8 - ATLAS H—>Y},7 E=13 TeV, 139 fb1 4 g i ATLAS H_:’}’}’, ﬁ=13 TeV, 139 fb-1
e H—yy, \s=13 TeV, 139 fb™ [& gg—H SCETIib::pTj1 + XH S : . «— |
;_"_ [ -¢-Data, tot. unc. = Syst. unc. . 9g—>H RadISH+NNLOJET + XH - “-=- 0.04F -¢- Data, tot. unc. ~ Syst. unc. ] g 4—_ ¢ Data, tot. unc. | Syst. unc. ]
S 10t , 3 = gg—>H default MC + XH I s ' B gg—H default MC + XH
- I vV  gg—>H sherpa+MCFM+OpenLoops + XH 3 1 b s N - 5 -
2 = . ) | vV gg9-— erpa+ +OpenLoops + l © v gg—H Sherpa+MCFM+OpenLoops + XH |
L | Bl 99->H ResBos2 + XH 5 0.03F t S\ XH = VBF+VH+ttH+bbH+tH 3r S\ XH = VBF+VH-+ttH+bbH-+tH
1 % “ = XH = VBF+VH+ttH+bbH+tH ;
v, 7
_ _ >0 ] i N
102 _ 0.02 - jets 22 - 2 | jets
I ] - v,
C ~ i ] I | T v
10-4 [ — 0.01 — . 1 B
-6 | | | | | ’ [ | — [ | | |
..(E 10 4 T T T N S g [ T a ® _.tg 0 T T -l
© \/ © o v
o o T 157
g 3 e e
o X o 2 2 v il
g 2 \/ H E 1 + * v, ol + E 1 = 3 ¢
4 | — — ’
1 V%# 5 ﬂ'*?i] + v, “’%FTH& * 0.5}
0 L - 1 1 1
0 | 1 l l | 1 1 1
0 30 60 90 120 350 13000 0 120 450 3000 1300C 7 /2 0 /2 A T
p- [GeV] m; [GeV] %

Good agreement with the SM predictions whithin the uncertainties
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Double Differential cross-section vs p7/ vs | y},},l and p/’ vs 7

| } 2D observables prov1des further look 1nto the H1s oson

| propertles and eorrelatlons between the observables

| R —

- - - . - - - T - T T T T T T 1 ;‘ 1T rrrrrrrrrrrroor e e e
% 10 L ATLAS =— gg—H default MC + XH S 10 ATLAS &= gg—H default MC +XH
Q) 3 — -1 E 3 _ 1 =
S e H—yy,s=13TeV, 13910 S5 XH = VBF+VH+tH+bbH+tH ro = H—yy,is=13TeV, 1391b S5 XH = VBF+VH+ttH+bbH+tH 5
= [ —¢— Data, tot. unc. Syst. unc. = . —¢— Data, tot. unc. Syst. unc.
i gg—H SCETIib::qT + XH - l

;Q_i_ 1 = n ;--81_ 1 3 =
O E - : :
~ - > -

2 L =

B 4A-
< 1 0 1 : -8
1072
-3 N

© 10 % ©

8 15f s 2 I

k= 1 8 ‘

2 05} g ] ¢ ¢ ¢ ¢ ’

Ccf.'c 0 I ] I | | ] I ] g 0 | | | \

0-45 45-120 120-350| 0-45 45-120 120-350| 0-45 45-120 120-350| 0-45 45-120 120-350 0-350 0-100 100-350 0-120 120-350 I 0-200 200-350 I 0-250 250-650
Y
p. [GeV] p!' [GeV]
0.0slywl<0.5 0.5slywl<1.0 | 1.0slywl<1.5 | 1.5slyyyl<2.5 N=0 Os<t,<15GeV 15s1,<25 GeV 25s7t,<40 GeV 40 <7, <400 GeV

_ Good agreement with the SM predictions whithin the uncertainties _
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Interpretation using the pT spectrum information

shape only shape+XS+BR
S 2'5;_ fle'ﬁf\/i= 13 TeV, 139 fb?! : E 251 ﬁl"ﬁfﬁ= 13 TeV, 139 fb~! -
= shape 2 | shape+XS+BR
;_2.0_- ] ;._2.0_— —
= Fixedkp=1 - S} Fixed kp =1 e e e — —— S
[ —— SMikc=1 - 5. | —— SM:k. =1 - | . . .
T \ om 130 - s 1sp ||| | -2 @ p;y spectrum provides indirect measurement of
il e Ke=189 Pl e Ke=26 | ,
ol T boDaa il t e | | the c- and b-quarks Yukawa couplings (x. and k3,):
F |t 5 5| T, 1 | @ shape-only and shape+normalization
o e by ey T e, . o by by by T gy : b b
0.0 0.0 | information are used for the fitting
52:}' ' | ot trd L b tord "': 52_ *‘l]"l"'l T l"'l"'lT": : = — = — —— - — —
el IR RN
k: 1’-’1* P :-'}'f']f'f'j{}".' '1’?'1'7'{.‘1“;T‘)‘T'r"."?'7'7'7'#.";': L 1“#71* T 'T'."T'fT*ﬁ"."l'*['l'l'*l"l".' R e
25 50 75 100 125 150 175 200 25 50 75 100 125 150 175 200
pYY [GeV] pY [GeV]
o e — L S Fit set-up k  Observed 95% CL Expected 95% CL
‘@ Limits on k. and «;, are set from a profile likelihood metho _ ke [-13.0, 18.9] -10.1, 17.3]
| Most ?t. b £ 77 t 200 GeV Shape-only kp [=3.7, 10.4] 2.6,8.1]
| O OSLSCNSIIVE reglon O p T Sp ectrum < c Shape+normalisation (with k. [-2.7, 2.6] —-3.1, 3.2]
‘ ® Stronger Constraints from Shape+n0rmalizati0n branching ratio variations) kp [-1.2, -0.8] U [0.8, 1.1] [-1.2, —0.9] U [0.8, 1.2]

'@ Shape+normalization constrain on k;, is comparable to direct
- searches while k. provides stronger constraints (a factor of 3

more stringent for the observed result and a factor of 4 for the
expected result)

O ——

Direct search limits on k. @ 95%CL.:
observed: |k.| < 8.5
expected: |k.| < 12.4
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Interpretation via Effective Field Theory (EFT)

'® Strength and Tensor structure of the interactions of the Higgs boson: Effective Field Th
- of new interactions CP-even and CP-odd)

|
|

. . . , : 1
» Constraints derived for the variables: p;/, N_jets, m,;, A¢; and p;

eory (addition

» BSM contributions probed as non-zero Wilson coetficients

» Basis of parametrization SMEFT: ¢,(CP-even)/¢;(CP-odd) (Wilson coefficients);
0./ O; (6d operators that introduce new interactions)

T : interference-terms only
ATLAS H — vy, /s = 13TeV, 139 fb” Statistical interpretation:

p!'[GeV]:0-5 -25|4|o|o|-1|1|—1|o|—1|o|o|o|-1|o|o|o|o|-1|22|-z|o|-1|-2|—1|—z|o|4|-2|—1|-z|—1|o|L 100'@' L S E— LA — | LA N —
p!'[GeV]:5-10 |25 01 00 00 0 0 -11,2 2 1 1,41 -1-1,02-120,21 1 0 o~
pI'[GeV]:10-15 [4 22 @22 3 o o 0 -1 1 0 0 0 0 2 0 -1 0 1120 -1 2 112 0 110 -1 2 110 0 0 1| c ATLAS
P,'[GeV]:15-20 [0 3 234 0 0 1 0 10 0 -100 0 0 1,26 1 1 2,01 1,2 2 2 1,3 0 1 0| 80 o | - Observed 68% CL
p'[GeV]:20-25 [0 -1 3 2322 3 -1 0 0o 1 1 0 0 1 1 0 1 0122 2 2 211 2 112 -1 1 213 1 1 1| — H— r _ 13 TeV 139 fb-1
p,'[GeV]:25-30 1 0 o 4 © 00 10 200 0,85 2 1,1 20,3 023,80 1 0] «© _ - YYs S = ev, Observed 95% CL
p'[GeV]:30-35 [1 1 0 o 0 0 0 0 0 0 0 0 1114 8 2 111 4 013 -1 0 3110 1 1 0| (O]
pz’[GeV]:35-45 [T 0 0o o - © 1 00 0 0 1 1 0!1317 3 4!3 6 0!6 1 0 5!19 1 2 2 60 = 1 T — SMEFT (interference only), A =1 TeV —— Expected 68% CL
p!'[GeV]:45-60 0 1 1 1 o0 001 0 1 0 1 -1 0 0.6 25 6 56 10 38 2 2 926 7 4 2| 8 L — ex C_l 0_ 0_ - Expected 95% CL
p'[GeV]:60-80 [-1 0 1 0 0o -1 2 6 0 1 -1 1 10 0 0'1 23 9 6'10 12 4'10 6 7 9'177 18 5 5 | — — p —— ‘ , — ‘ ’ — T °
p;’T[GeV]:eo-wo [0 1 0o 1 1 0 0 0 o 72 0 0 0 0 1 0 1 :-1 15 10 8 :9 12 5 :9 8 8 8 :s 17 12 9 | _40 (4] Obs pred Obs pred - —_
p/'[Gev]:100-120 [0 0 0o o0 1 o0 o 1 1 7 8 1 0 0 0 0 0'0 9 9 10!8 13 5'!8 8 10 712 8 14 13| O 2
pi’[GeV]:120-14o [0 0o o o o o o o o o -8 8 0 10 1 0,15 8 6,7 8 5,5 9 8 4,0 4 11 16| 7 - . CHG [10 ] -
p'[GeV]:140-170 [-1 0 0o -1 0 -1 0 0 -1 0o 1 8 6 0 -1 0 0'2 5 4 10'5 9 6'4 9 9 410 3 6 22 — =
pi’[GeV]:17o-2oo 0 0 2 0 1 0 0 0 o0 0o 0o 0o @S5 1 0 2,0 2 4 8,4 6 6,2 8 7 4,0 2 2 20] 20 S B ]
p!'[GeV]:200-250 [0 0 o o 1 =2 0 0 1 00 10 5 4 0 110 1 4 612 6 713 7 7 214 1 -2 23| o) —_— —_— — = - - C -~ [1 0'1] __
PI'[GeV]:250-300 [0 0 -1 0 0 0 0 1 -1 1 00 -1 1 4 4 0,0 13 7,3 5 3,3 5 5 2,1 0 -1 14 0 ; HG
p''[GeV]:300-450 [0 -1 0 0 1 0 0 1 0 0 0 1 0 0 0 4 211 0 1 711 4 512 7 3 110 0 -1 10| ] ‘ ° ° — =
piv[GeV]:450-650 71 1 1 0 0 1 0 o 1.0 0 0 2 -1 0 -2 1.0 1 3J'1 2 4 1'_3 2 3 0/0 0 11| | } O-p}"ed and GObS are the k—dll I lenSIO c [1 0_2]
Ojet [22 29 20 26" 22718 14 13 6 1 -1 0 -1 2 0 0 0 1 1 31 37018 5 614 6 6 518 1 1 1| ‘ HW -_
1jet [2 2 1 1 2 5 8 17 25 28 15 9 5 5 2 1 -1 0 0 31 37 4 : 10 5 :-a 8 7 7 - 7 7 4| — _20 |‘ o o o . ‘ | _
e [ 2 a0l R o m— ~ difterential cross-section (k = 34, number of bins | 1
=3jots [1 1 1 2 2 1 1 4.5 6 8 106 10 8 67 7 3,0 423 2 1 o sl o o T f ’ | ¢, ~[10] -'
mii[GeV]:0-120 2 1 2 0 1 1 1 3 6 10 9 8 7 5 4 2 3 1 1,8 16 -2 ;19 33 18 ;22 10 1 0 ] 40 ‘ . . . HwW
m[GeVl:120-450 [-1 1 0 1 2 2 4 6 10 12 12 13 8 9 6 6 5 4 2 '5 10 45 29 '16 12 44'7 17 18 28 | - f th 5 b bl d t b t B .
m"i'eevlmso-aooo 2 1 1 1 10 0 0 3 4 5 5 5 6 6 7 3 5 4,6 5 16 17,2 - 7 16,4 2 3 20| ‘ O e O Serva es IS rl u lons Cc [10-3] "__ """"""
Api(mn/2) o0 0 2 2 3 3 6 8 109 8 5 4 2 3 3 2 304 8 39 2019 43 17 5 5 8 '10 12 10 21| HB
Ap:(n20) [3 2 4 2 1 0 11 2 6 8 8 9 9 8 7 5 7 2,6 82 11,8 11 10,5 sis 7 a 5] —1-60 = -
A‘L“!(oﬂﬁ) (21 2 2 1 2 0 0 2 7 8 10 8 9 7 7 5 3 316 7 2 10133 12 715 619 7 4 3
Api(2m) [0 1 1 2 3 3 5 9 9 8 7 4 4 4 2 210 |5 7 40 18 |18 (44 16,8 . * * R * ° | CHE [10] -_-“
diicavIa00 [T+ 0737378 R T ¢ 0 0 87 0 o e 1@ 7 i e v nflla sl | g ' » C 1s the covariance matrix: sum of the statistical : i
pf[GeV]:Go-so 4 1 0 0 1 0 1 1 7 1817 8 4 3 2 1 0 0 0,1 7 13 9,10 17 2 |12 X L P
P':[GeV]:90-120 I1 o1 1 1 1 2 4 5 12 14 11 6 2 2 -1 -1 111 7 9 911 18 3 110 1 - ° d h °® 1 ° | c [1 0'2] —-
p'[GeV]:120-350 [0 [0 |1 |0 |1 ]o]o |2 |2 |5 |9 [13[16]|22]20]|23]14]10]1 |-1]4 [12]25]0 |28 |20 |21 | —J_100 Systel | latlc an t eoretlca Covarlances HWB i i
32.‘98383“88883288888.§.§.9§888’“5:§38888
--._.',_e,.bé.béi.bé—-.-vrv:wf:lc?v‘eo.--ﬂ_v.-v°$g.géév-v.’ 109 00 e
s S Sdeq s e g g 882888 8 Nmoe o r P SEQEC 8 S C -
235555555520 IE]dE3E N @RI e 2y : — e — — — HW B
- 0 9 o 0o 0o 0o 0o 0o o ; ;- sl ;! ; sl ;! ;! [} ;- ?: e_=e- < Q Q 5' ;- l 1 1 1 | 1 1 1 I 1 1 1 1 1 1 1 1 1 | 1
228002028888 %2000 00 0 9_0%3<<<_g'§2.3w
e T T YR L Y] €38 wwid -6 -4 -2 0 2 4
o aaaa o aa & a
- — Parameter value
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| @ CMS has released a publlc result for the inclusive and differential ﬁdu01a1 CIroOSS- seetlon measurements In the
~ diphoton channel using full Run2 l
® Comparison between the two analysis (diphoton fiducial region): ‘

» S+B unbinned fit to m,, (ATLAS); S+B binned fit to m,, (CMS) !

» Signal Model: Double Sided Crystall Ball (ATLAS); Sum of Gaussians (CMS)
» Background modelling: from spurious signal studies (ATLAS); Discrete profiling method (CMS)
» Uncertainties:
statistical component: ~ 7.0% (similar) \
Systematic component: spurious signal 1s about 3.8% (ATLAS) and 0%(included in the statistical error) in CMS |

I D D D D D N A I A R R D R D R B

§ | ATLAS H—yy, (s =13TeV, 139 f5' 10%;
£ -¢- Data, tot. unc. = Syst. unc. | 1
;%'- 21 B 59 H default MC +XH o
~ aln &' gg—H SCETIib::qT +XH %
-3 Elw B 59 RadISH+NNLOJET + XH | PO — | <
e e ATLAS - Blosonresesz ot | | Ao oton fiducial cross-section =) <
‘\‘\ [ - 005.07762) + - ;- I I u I I ‘.
} Dlphoton fldumal cross-section = i 1 Bl o5 Lot || §OID 161 11 <
3 i ' XH = VBF+VH+ttH+bbH+tH | 7 3 40 T fb g
{ 67 £ 5(stat.) £ 4(sys.) fb ) P S
: SM=64+4 fb ~ : SM=7544 4.1 fb :'1 1071
‘ = A e NNl S § 9 """"""""""" o ! = — ——
o 15
o
e 1 :
oS =
05 T oy

0

0 5 10 15 20 25 30 35 45 60 80 100 120 140 170 200 250 300 450 650 1300C
w
p. [GeV]
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ATLAS and CMS Runz2 brief comparlsons

~ » ATLAS/CMS unfolding: matrix response

CMS Preliminary

138fb ! (13 TeV)

H — vy

7% MADGRAPHS5-aMC@NLO, NNLOPS ggH + HX

77 MADGRAPH5-aMC@NLO ggH + HX

777 POWHEG ggH + HX

—  HX = MADGRAPH5_aMC@NLO VBF+VH+ttH

H+  Data, stat@syst unc.
syst unc.
p-value(SM): 0.236

1

kf oy

it (pr > 450.0 GeV) /100.0 GeV



https://cds.cern.ch/record/2803740/files/HIG-19-016-pas.pdf

Summary

v Higgs Fiducial and differential measurements in ATLAS experiment have been presented
in the H — yy channel:

® Higgs boson properties and probe to new physics contributions in many observables
exploring Higgs kinematic and jet-kinematic activity in the events

® Very good agreement between the measurements and SM predictions:
» Statistical uncertainty still the dominant uncertainty source

® Measurements are interpreted in the context of: EFT framework and pT(H) shape for
bottom- and charm-quark coupling

» No significant BSM contributions are observed
» K, limits are comparable to the direct searches

» Stronger limits on k. are set compared to direct searches

Stay tuned for Run3 news!

IS ARRIRE!
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Fraction of signhal process in fiducial regions

il S —— | —
' @ Baseline fiducial region (particle level):
|

f
|

y B/ m,, > 0.35; E;/ m,, > 0.23; isolation requirements; !

|n| < 2.37 excluding transition region 1 ATLAS Simulation Sorsbbi BVEF BV BtH B
' » Sub-sets of the baseline fiducial region (sensitive to \ ;:; o .
. . . . | iphoton fiducial
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Differential cross-section vs 7 il and Z Tc,

1 > Beam thrust event-shape Vanable (hadronic observable) boost 1nvar1ant along the beam axi1s ,

!

‘I

» Tc i 1s the highest value of 7 ;; among all jets in the event while Z Tc ;18 the scalar
sum of 7 for all jets with 7> 5 GeV |
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and /V. .. bins

jets

Systematic uncertainties in p/’

e T —
b Systematics uncertainties sources on the signal and background modeling l
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N _ —— Photon calibration ~ ------- Photon efficiency - < _  — Photon calibration =~ ------- Spurious signal _
1 Luminosity oo Others — 0-5 - Photon efficiency ~  ------ Others B
0.8— - 0.4 | =
0.6(— - 031 -
- — 1 - n
0.4— — 0.2— g
_ — ] i - -
0.2— — 0.1— —
| | . e o oo.ooocooos] 000 - -t timieieie |
O LR R e B e R e B R R T T 7 kel n.rsn.q""'""'; O e i"'""""""""""""""'""""':'-"-"—"-"_"-':'-"-"-':'-"-"-"_"_"_':'_"EL'L'L'L'L'L';';'L'L'L';'L';';';';'L'L":"

0O 5 10 15 20 25 30 35 45 60 80 100 120 140 170 200 250 300 450 650 13000 =0 =1 =2 > 3

7Y

PT [GeV] N jets

H—-vyy differential and fiducial cross-sections measurements | Fabio Lucio Alves | Aug. 08-11 2022 Dalian | CHEP2022




Binning choice for different observables

Variable Bin Edges Nbins
pl” 0,5, 10, 15, 20, 25, 30, 35, 45, 60, 80, 100, 120, 140, 170, 200, 250, 300, 450, 650, 13000 20
Yyl 0,0.15,0.3,0.45, 0.6, 0.75, 0.9, 1.2, 1.6, 2.0, 2.5 10
p my, 0.35, 0.45, 0.5, 0.55, 0.6, 0.65, 0.75, 0.85, 0.95, 10 9
pY’ [myy 0.25,0.35, 0.4, 0.45, 0.5, 0.55, 0.65, 0.75, 0.85, 10 9
Niets 0,1,2, >3 4
N b-jets A’;.irsmal =0or Nlep >0, N b-jets = 0,>1 3
pl 30, 60, 90, 120, 350, 13000 5
Hr 30, 60, 140, 200, 500, 13000 5
pr’ 0, 30, 60, 120, 13000 4
My 120, 220, 300, 400, 600, 900, 13000 6
Cji1 0, 5, 15, 25, 40, 13000 5
2. TC,j 5, 15, 25, 40, 80, 13000 5
pyetveto 30 EeY 0,5, 10, 15, 20, 30, 40, 50, 100, 13000 9
pyetvero 40 GeY 0,5, 10, 15, 20, 30, 40, 50, 60, 100, 13000 10
pyJetveto 30 EeV 0,5, 10, 15, 20, 30, 40, 50, 60, 70, 100, 13000 11
et vero 0 GeV 0, 5, 10, 15, 20, 30, 40, 50, 60, 70, 80, 100, 13000 12
m;; 0, 120, 450, 3000, 13000 4
Adjj -n,-%,0, %, 7 4
7= |Adyy. ;i 0,0.15, 0.65, x 3
PT,yyjj 0, 30, 60, 120, 13000 4
VBF-enhanced: p?! 30, 120, 13000 2
VBF-enhanced: A¢;; -n,-%,0, 5,7 4
VBF-enhanced: |n*| 0,1,2,10 3
VBF-enhanced: pr ,y;j; 0, 30, 13000 2
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Binning choice for different observables

Variable Bin Edges Nyins
pr” Vs [yyyl 0.0 < |yy,| <0.5 pr’: 0, 45,120, 350
0.5 < |y,,| < 1.0 pY?: 0,45, 120, 350 .
1.0 < |yy,| < 1.5 pr’: 0, 45,120,350
1.5 < |y,,| <2.5 pY”: 0,45, 120, 350
(pY' + P22 myy vs (pL' = pX2)[m,, 0.6 < (pY' +pl?)/my, < 0.8 (p;’él - pl?)/my,: 0,0.3
0.8 < (pX' +pX*)/m,, < 1.1 (pY' - pl?)/m,,: 0,0.05,0.1,02,08 8
1.1 < (pX' +pX%)/m,, < 4 (P} = pY?)/m,,: 0,0.3, 0.6, 4
pY? vs p}’ Niets = pY7: 0,350
0 < pX’ <30 pX?: 0, 100, 350 5
30 < py’ <60 py7: 0,45, 120,350
60 < pr7’ <350 pr”: 0, 80,250, 450
Py’ Vs TC,ji Nijets = pr’: 0,350
0<7c,j1 <15 pY?: 0, 100, 350
15 < TC,jl <25 p?l./yt 0, 120, 350 9
25 < 7¢,j1 < 40 pY7: 0,200, 350
40 < 7¢,j1 < 400 p%’yz 0, 250, 650
VBF-enhanced: p,f1 Vs Ad; -1 <Apj;i <0 pJT:I: 30, 120, 500 A
0< A¢jj <Tr p‘-?: 30, 120, 500
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S+B fits to m,,, in different fiducial regions
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Response matrices for p/” and N, bins

jets
H-yy Vs=13TeV  ATLAS Simulation H-yy Vs=13TeV  ATLAS Simulation
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() 450-650 |_ mmz_ -
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p-values: measured/predicted cross-sections

Variable p-value

default nRadISH NNLOJet STWZ MATRIX SuHerpA GoSam SCETLiB TAUC ResBos2 pProVBF

NNLOJET BLPTW

py Im,, 56% - - - - - - 58% - 32% _
Py’ [my, 93% - - - - - - 49% - 2% -
py’ 86% 68% - - - - - 78% - 54% -
ly Yy | 76% - - — - — - 78% - 66% -
) 78% 77% - - — 4% - 48% - 38% _
Ivjets 95% - 90% 56% - 59% 84% - - - -
N b-jets 60% - - — o — — - - — —
p?'j 81% _ _ _ - 68% - - - 78% -
Myyj 95% - = - - 95% - — - _ _
TC,j1 27% - - - — - - - 11% 13% -
2. TC,j 39% - — — - — _ _ _ _ _
Ht 46% - - - - 51% - - - — -
mj; 79% - - - - 81% - - - - -
Agjj 91% - - — — 95% — — _ _ _
|A¢'yy,jj| 83% - - - - 88% — — — - -—
PT,yyjj 99% - . - - 100% ~ — — - —
p%y jetveto 30 GeV 84% _ _ _ 839, _ _ — - 83% —
p'¥y jetveto 40 GeV 95% _ _ _ 45% _ _ _ - 83% —_
p'¥y J:etveto 50 GeV 38% _ _ _ 359, _ _ — - 30% —
p%ﬂy jetveto 60 GeV 67% _ _ _ 529, _ _ — — 42, —
Py’ VS [yyyl 75% - - - - - - 78% - _ _
p%y VS TC,j1 39% — — — — - _ _ — _ _
py” vs py’ 96% - - - _ _ _ _ _ _ _
(P} = pY) myy vs (P +pY)) [myy  81% - . - - - - T% - - _
VBF |np*| 94% - - - - - - - - - 70%
VBF A¢;; 68% - - - - — - - - — 65%
VBE p!! 77% - - - _ - _ _ _ _ 70%
VBF pT,‘y‘y jj 89% - - - - - - - - - 74%
VBF py' vs Ag); 76% - - - - - - - - - 74%
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