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Motivation and outline

The challenges of differential measurements...

= High statistics required Covered in this talk

= Measurement limited to a subset of phase space If ; _H_—_> ‘;T ———————————— |
L _ | > G20,
= Detectors warp the distribution, need to be accounted for by unfolding s H —>CI|)VIES HIG-20-01

> ATLAS: ATLAS-CONE=2021-010
» CMS: JHEP12(2020)085

> H-WW
» CMS: JHEP03(2021)003
» H-> 2727 - 4¢
» ATLAS: Eur. Phys. J. C (2020) 942
» CMS: arXiv:2103.04956 (submitted
to EPJC)
> H-yy
» ATLAS: ATLAS-CONF-2019-029
» CMS: JHEP01(2019)183

= Statistically delicate operation, comes with many considerations

...and their strengths

= Sensitive probes for BSM effects and precision benchmarks for the SM

= Directly measure the spectrum of an observable

= No need to specify a signal hypothesis a priori

= Directly re-interpretable by theorists
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https://cds.cern.ch/record/2682800/files/ATLAS-CONF-2019-029.pdf
https://link.springer.com/content/pdf/10.1007/JHEP01(2019)183.pdf

Measured observables

Wide range of observables giving sensitivity to several effects (including BSM)

= Higgs production-related quantities probe pQCD calculations, radiative corrections, choice of PDF, light quark
couplings, CP-structure of the Higgs sector:

- p?; Nu, Njets' mj]" |An]']'|’ A¢jj

= Jet-related quantities probe radiative QCD quark and gluon emission patterns, QCD resummation effects

j1 2
* pry P Njers, My

= Channel specific decay-related observables probe EW corrections and Higgs spin-parity properties

= My, My, angular variables

Different channels have sensitivity to different variables
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The H — 71t channel

= The analysis measures pf, Njo¢s and p7* distributions Main backgrounds
= - o o e . . T = ll
= Relatively large BR (~ 6%) makes this channel : = Z - 171, tt, di-boson production !
competitive, especially in the high p?, Njets regions : = Events with two T leptons estimated with embedded :
I samples |
= All decay combinations of the 7T system considered, | = Di-muon events in data with muons replaced with |
apart from ee + 4v and uu + 4v : simulated 7 leptons I
" Jets misidentified as T, l
= First differential measurement in this channel! : = Misidentification probability estimated in data I
____________________________ |
CMS Preliminary el, et UT, LTy all categories i
138" (13 Tev)  +Obs.[Jtt bkg.lZ— ee/up[dtt + jets[ ]t mis-ID[JOthers = Unc.lH—1t
5 T of NsT] RS T] ee R T ] TR
E E 3 25F 1 8000F 1 2500F
E 200F -
'-5) B 1 150
E_ 100f 1 1000k
o
D s 500)
E 2000) . .
g 000 SM expectation
Z i e | — Fit result
é 100 200 100 200 100 200 100 200 100 200
m, (GeV)
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138 b (13 TeV)
Results s fous
% 10° Epreliminary %/ 9g-H (POWHEG) + XH =
s g SN gg—H (NNLOPS) + XH 3
C XH = VBF + VH + ttH (POWHEG) |
. L . True for all analyses discussed except 102:_ i
Results unfolded to particle level within likelihood fit ALTAS H — y (bin by bin corrections)
;
L= ‘ ‘Poisson ni;ZRij(H)uj+bi -C(6) - i i
L J 2 a0 |
L 0.5
] ] ] ! ' § %
Migration matrix Particle level signal strength Niis
138 b (13 TeV) 138 b (13 TeV)
_ . _ S TCMS ¢ omensa ] S FCMS |+ omewe ]
= Measurementinclusive in production modes 8 10 E preliminary#77% 95-H POWHEG) +xH 8 1o Lprelminary##7 setpowne)xu ]
=~ = sy gg—H (NNLOPS) + XH = -~ E sy gg—H (NNLOPS) + XH E
L . = B XH = VBF + VH + ttH (POWHEG) 2 s XH = VBF + VH + ttH (POWHEG) 7
= Prediction from POWHEGv2@NLO reweighted to T 1E| .. < = T -
— E ] = 1E E
NNLOPS g L ] o F 4 i
. . OE E g \E —1 :_ _:
= Good agreement with expectation: ° L bed | ® e >
= () = 17%,p(Njees) = 71%, p (p22) = 459 i R :
ppT)_ 0, P\ Njets) = 0o,P\Pr ) = Yo e - ' ' ' -
[0 - " [ ;
o o
® Fiducial cross section extracted from fit to Njes: g ‘g
" O'ﬁd =426+ 102 fb (O';I\f,d = 408 £ 27 fb) % § 0.” - 100 200 300 l400
P (GeV) P! (GeV)
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H — bb

ATLAS-CONF-2021-010 - JHEP12(2020)085
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http://cdsweb.cern.ch/record/2759284/files/ATLAS-CONF-2021-010.pdf
https://link.springer.com/article/10.1007%2FJHEP12%282020%29085

The H — bb channel

= Very high multijet (QCD) background > 25000F T L
3 - CMS W ] ® - ATLAS Preliminary 4 Data ]
= ~ - gseoe; zgu‘cb::g[:az:\elr l-l.‘”';zf : g [ 15=13TeV, 136 fb” -H pH>1TeV (1=26.38) -
= BR(H - bb) = 58% — highest in the SM @ 200 passng egn Toapeckgons N e = B
@ L M H(bb), 1 =3.7 ] ) C ]
> —_ ¢ Data _— c 08 _
. . . H L 15000} . ] = ]
= Mitigates natural cross section decrease at high p7 - . wop ]
- - 06_ —
100001 — L i
= Both analyses target the boosted jet topology, i.e. a s ] 04" ]
large radius jet with a 2 sub-jet structure : : E -
0’ """" 1 = | 1 | | “\ | | |

D 4 : - Multijet + 10
%z 2} g, ]
&l op g 100 F + _
Resolved decay a2ty ] s | b

60 80 100 120 140 160 180 200 8 0
mg,, (GeV) . s .

Multijet, Top, W& Z + 16
s P +' ]
g oﬁ—W—}—r
Signal extracted by fitting a to
o q 2 q =50, i . . . , .
the jet mass distribution 80 100 120 140 160 180 200

Jet mass [GeV]

= ATLAS: p%l > 450 GeV, p%z > 250 GeV, one compatible with 2 sub-jets

= CMS: p%l > 450 GeV, dedicated MVA tagger
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Results

= Different approach for the two analyses (differential results): = ATLAS: good agreement with SM
= ATLAS: inclusive in production modes = Predictions from
_ POWHEG+MINLO (ggH),
= CMS: targets gluon fusion, other modes treated as background POWHEG-BOX v2 (VBF, gg — VH

ttH) and POWHEG-BOX
v2+MINLO (qq — VH)

137 fb™' (13 TeV)
———T

—_ T T

= 3 imi | 7 =3 i CM,S, — Data ] ) )

2 ?t’%’?s\/ Preliminary ] o 10" Preliminary = LHCHXSWG approx. NNLO ] = CMS: 2.60 excess in highest pZ
o — ’ 1035— - = H

S s == HIMINLO f bin, reduced to 1.80 when

[ [ e Fit

60___ 95% CL Upper Limit __ 101; ‘-_h_@ _; COﬂSlde”ng a” blns
I N A e A, S———— SimU|tan90US|y

n
o

T
|

O] L
:;5103_ B = Prediction from HJ-MINLO
& f
T , | | E = Also compared to NNLO
o - calculation from LHCHXSWG
| g2 | ——
500 1000 1500 o E
ST T T N T T S N S SR SR SR N
H 400 600 800 1000 1200
Pr [GeV] pif (GeV)
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H-> WW

JHEPO03(2021)003
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The H » WW channel ¢

H i Y
= Bosonic channels give good sensitivity on a widerange | __— ... pa
= Second highest total branching ratio, highest to a leptonic final state w ;
= Final state with 2 leptons and 2 neutrinos provides best sensitivity ——
137 fb' (13 TeV)
= No access to full kinematics of the diboson system cMs ez W e o
T ther backgroun - Uncertainty —e— Observe
= Neutrinos are undetected, resulting in missing transverse energy (MET) % ol OSPRS00V 3 W Ery ATGeY 3
= The fit is done on the dilepton invariant mass and Higgs transverse mass g 20p f ]
p 88 § e— | ]

m—
40 Background subtracted 7 [~ ]
20F —_F"'#:'tl_._“ .
. 0 bttt .
Main backgrounds i 45 <pr <80Gev J[ 80 < pl < 120 GeV

= Non-resonant WW, tt (dominant):
= Normalization measured in data
= Lepton misidentification, DY — 1 (subdominant):
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]
Events / GeV

|
|
|
' 2
| = DY normalization measured in control region, lepton S
: misidentification probability estimated from data E
- - - - 0 I Iy e e —————————————— =
" Di-boson and tri-boson production (minor): [l SN S
I = Estimated via MC simulation 2040 60 80 100 120 140 160 20 40 60 80 100 120 140 160

m" (GeV)
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Regularized unfolding F Unregularized unfolding

137 fb' (13 TeV 137 b (13 TeV)
) ) ) ) S 10Ecms ~—Obered 3 £ CcMS - ]
= Fiducial and differential (p%, Njets) 8 . o = R s
. 2 [ ZH+WH g :;“;’::;fm - m =% 10 B ZH+WH [ JExperimental 3
cross sections —~ | B Dol ]| 5 Wi Cmeociea 3
_g., & Uncertainty HHMG5_aMC@NLO |
. . B = = 2 ~
= All production modes are considered ° il
o s @ -
= Nominal prediction form POWHEGv2 : e N
at NLO, ggH reweighted to NNLOPS - I
= Results also compared to MG5@NLO g g 2 !
2§ SE 15____— 11 4
= Good agreement to SM, highest excess * | iy :
for Njees = 4 at 1.40 s ‘
jets ~ g ° 0 1 2 3 >4
i (GeV) N,

= Total f?ducial;ross section obtained 5fid — 865 + 9.5 b ol — 825+ 4.2 fh
from fit on py 2

= Good agreement with SM prediction _
obtained from POWHEGV2 pl@ = 1.03%912(40.05(stat. ) *3:98(theo.) £+ 0.03(lumi.) + 0.07(exp.))
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H - 77 —» 4¢

EUR. PHYS. J. C (2020) 942 - ARXIV:2103.04956 (SUB. TO EPJC)
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The H —» ZZ — 4 channel

> ARSARARRARRRE RARRRRRAR IRRRRRRRN IRRRRRRRRA RRRES

8 250_ + Data —

~ L 0 H(125) ]

% . F Cqi-zz2¢

2 200~ + B 9922, Z¢* —

= Relatively low BR compensated by very well reconstructed final state @ | e ]

= Selected events contain 4 leptons (e, 1), grouped into same-flavor g i

opposite-charge (SFOC) pairs to form Z candidates - :

= Access to the full kinematics of the Higgs system _ _+

80 100 120 140 m411(ﬁéev)

Main backgrounds

> GOFE T T T T
l ________________ ._ - == ST 0 777777 1 8 EATLA§ ;EZ;;UZEGEV) E
i * Non-resonant ZZ /Zy production (dominant): | 0 sol e 15y, 190 b - -
: = ATLAS: shape estimated from simulation and normalization : % o o ]
| measured in my sidebands | L%’ oF E
| = CMS: shape and normalization estimated from simulation I 30 _
: = Z+jets, tt, WZ (subdominant): : - ]
| = Estimated in dedicated control regions I 20;_ 4 ]
I = Triboson, tVV and ttV (minor): : 10 # b ]
:_ = Taken from simulation I 0t S D B

__________________________________ 0 110 120 130 140 150 160
m,, [GeV]
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Results - fiducial cross sections

¢ Data
ATLAS 1 Syst. uncertantes ~ e LR RN 2 {13 Tev) PR S ACYRCR A .Y RE ALY
* U ggF@ N3LO + XH e N 4  Combined Data, 137 fo”' (stat @ syst) _ Ko} 6 L 4
H—Z7" — 4l ¢ MG5 FxFx + XH ‘; - A 2018 Data, 597 o (stat G syst) ] H:; C C+MS ]
_ K 4+ NNLOPS + XH = i ® 2017 Data, 41.5 o™ (stat @ syst) ] = C LHC Run 1 data (stat © syst) ]
Vs =13 TeV, 139 fo [ 4 HRes 2.3, NNLO+NNLL + XH © - 2016 Data, 359 fo” (stat ® syst) ~ _| © 5 — ¢ LHCRun2 data (stat @ syst) ]
i N Sys':rrl:tz:g‘;:;ai'x ] r Systematic uncertainty ]
SN gg— * S
oy '8 E o) a5 3 TE}. 9ok - Y44 gg-H (POWHEG) + XH ] 4= ﬁ\\&\\k Standard model (minloHJ, m = 125.00 GeV) ]
= F =" =T XH=VBF + VH + ttH (POWHEG)  _| [ s Standard model (NNLOPS, m, = 125.38 GeV)
O 16F 4 80F (LHC HXSWG YR4, m =125.38 GeV) | C & ]
g 5 5 | ] 3 S
8 1.4 :— 3.5 2 ¢I ¢ 70 - i ] r %&\\\\\S\ ]
n E C - - — C ]
612? 3? &k $ . i ] 2 -
o 1F E% 25F 50 _ l i i r s ]
- n C F L . - A8 1
0.8:—43 ¢ . 2F ¢ 40t - - 1 ﬁémm\f ]
06f E*J 150 b 30 Y U A (R - pp »>(H -4 +X ]
04:— 1;_ 20;‘ “ 5 e L ] 1 0:|||||||||||||||||||||||||||||||||||||||||||||:
0.2F 0_52— 102— 4 2e2u m de 6 7 8 9 10 11 12@16};@)
.;;q:': .pq:*: mq:: mq:*: pqz: mq:. mq: oq::
T oo 0 T ca oQ
BUE LThT3TE
%
B
] = Results compared to different MC predictions
Total cross section extrapolated
assuming SM acceptance and BRs = Good compatibility with the SM expectation
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Results - differential cross sections

= CMS | | 1371 (13 TeV) . CMS 137 16" (13 Tev) _. 5 CMms 187 15" (13 TeV)_
F ] e e I IS o o e L B B B
é 102 L t Data (stat & syst) - % 1 4 Data (stat ® syst) | é r [} Data (stat @ syst) :
b : : : : ] . E — B : ' ]
b“' SESSS gg—H (NNLOPS + Pythia) + XH ] Q SN ggoH (NNLOPS) + XH I> 4 S5 gg—H (NNLOPS) + XH =
10¢ %% gg-H (POWHEG + Pythia) + XH E qg - W ag—+H (POWHEG) + XH g ] 5 r ; gg—H (POWHEG) + XH ]
— o — .l E [7] XH=VBF + VH + ttH (POWHEG + Pythia) T - 10 . [ XH = VBF + VH + ttH (POWHEG) 3 3 ~ 3'_ XH = VBF + VH + ttH (POWHEG) 3l
I H 1 (LHC HXSWG YR4, m =125.38 GeV) | o ot (LHC HXSWG YR4, m =125.38 GeV) N3 b@ - (LHC HXSWG YR4, m =125.38 GeV) ]
pl>30GeV, i <25 3 ., El ]
|pT'|yH|rNetsrp] E = it ] z 0 8 3 © ]
J 107" .| E o) i
B S ]
L 107 ]
10%¢ E —
o 14 l ! : ! : 2 45 g 1
2 osl Y -
| 9 2 06 2 o6t o 08
| My, M3y, |COS | s o4 E@; 218 s oif
14 * 5 v b by by by 14 g+ IR N IS I SIS BN
0 0 0
CcoS 91 ,COS 92 , d), ¢1 | 0 50 100 150 200 0 05 1 15 2 25
l : H(GeV H
1 N p] 2 m | Pri=e A
b—jets jj
I i) L T T T | = T T T T T =) T T T T T T T T ]
= L + Data 4 r Dat: ] = D n
I A'r’ A¢ 2 3 — ATLA? [ Syst. uncertainties - 8 0.12 I ATLAS il Sya's?. uncertainties ] = ATLA? Iil S;: uncertainties .
]] ) ]] I = C HoZZ" -4 o MGS5 FxFx K = 1.47, +XH ] g I H—Z2" >4l 1] H&f&xg#jA‘.;‘(JXH 7] = B—H-ZZ' >4 B MG FxFx K = 147, +XH ]
| g C Vs=13TeV, 139 10" © NNLOJET K =1,4XH e o[ V6=13TeV, 139 10" i RadISH K = 1, +XH ] B V5 = 13 TeV, 139 fb” © NNLOPSK=1.1,+XH -
Hj | 8 25 oy XHNBEAHtHbOHAH & o NNLOPS K = 1.1, eXH = ] 3 44455 XH = VBF\HettHabbHtH
I pT m4»€ ]J pT m H j j E Total stat‘. @ syst. _unqenainly: ) ////’7/ ¥g‘ |¥12r %T,Gﬂf—.’é’éﬂ;}my 4 T!atal stat..e syst. _unc_errainly:
— e o I 2‘ —3%— Fitted ZZ* Normalisation 7] 0.08 —s— Fitted ZZ* Normalisation | —3— Fitted ZZ* Normalisation .
= " p-value MG5 FxFx = 81% ] p-value MG5 FxFx = 15% ] 3 p-value MG5 FxFx = 49% -
C p-value NNLOJET = 88% p-value NNLOJET = 15% o p-value NNLOPS = 55% |
1.5 r i p-value NNLOPS = 77% ] 0.06 p-value RadISH = 6% - ]
C ] p-value NNLOPS = 8% - ol B
= Statistically dominated 13 | B E 004 77 :
. . - ] z ] 1 -
05— — 0.02 = — ]
uncertainties - ] : i .
0Bz i 0 S Al ] 0 -
© ] ©
s . 5 2 — T 2 I H 3 21 . -
= Sensitive in the full range of el . . 8 15 A R |-y -
5 1 ol 5 1 e | e e R SR S
. o ! [ | o Ll P _ @ L | [
many variables £ 05 £ o5 2 o4
o 15+ B 2 15 % e 1.5 —
. g —— = 1 _ Zz LT oo el S — |
= Good SM compatibility | 05k ] os ]
=2 23 0 10 20 30 45 60 80 120 200 350 1000 0 015 03 045 06 075 09 12 16 20 25
N PY1GeV] Pal
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Results - double-differential cross sections

= ATLAS also measured a set of double-
; : i . = 10%g 5 = 10*
differential cross sections: 3 ATLAS | T bl 3 = 10 TAs T o tm
o T H—ZZ* 4] [ Syst. uncertainties . S 10° N — Syst. uncertainties
£ 10 B [ MGS5 FxFx K =1.47, +XH — g H—ZZ* - 4 W— OO X K = 147 +XH
- - — — — s~ E Vs=13Tev, 13910 = NNLOPSK=11,+4XH 3 5 Vs =13 TeV, 139 fo o RodiSH K & 1 %4
H ° - %4555% XH = VBF+VH+tH+bbH+tH 5 10? T NNLOPS £ = 171, +xH
, B L ot stot. 6 sue T] +m i s value MGS5 FxFx = 41% #5555 XH = VBF +VHsttHsbbH-+tH
ID_T_V“_S‘ |_y Ii |’_ ! pT VS N] ets © 1§ p-value MG5 FxFx = 63% —g§— ::—ic'::z!iséa;’: ﬁ;ﬁglizaﬁi:a l’f; S 10 g—va:ue '\NANI?(;:I;T= 1411"/{: W:{" Eict’%g!f%%t; ﬁ;ﬁgliggﬁg:‘taim
H H] [ p-value NNLOPS = 47% ] p-value RadISH = 0.1%
mqo VS M3y, pT VS Pr 107 - 4L pvalue NNLOPS = 23%
. = | <05 05<|y,|<1 1<yy,|<15 15< < 2.55
p n VS mpyj p¥ VS ph 102 1*|y | iy h --|-+----|»y | t e 107! b= 0 Nets= 1 New=2 Nes23
) E e = .
T VS | |] VS = Rl e ™ . 1072 TR
' 10° 0 . LR L T
pT Vil pT p /u{%’/.*///. // EE 10 / '/ . e ot it )
. ] ; --,‘ 7 w13
10~ //A// //// x// /E 107 /% f ///ﬁ/// o
= 2D differential cross sections being 5 20 g 25 I . B
made possible with Run |l data L T L e T ) T - | T ES o LA N 7
£ 05— ' 1 " g oo L . TR TR B
= Compared to NNLOPS and MG5@NLO- e AL R R R ] | R R A S E
. = L . . . . . . . . i L \ \ \ \ . \ \ \ .
FxFx reweighted to N°LO T T Y e 2SR YR B T T T g e R E R 8 ¢
I AR AR N N - T S B B
= Jet-related distributions also compared [GeVl Py [GeV]
to NNLOJET and RadISH
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H - vy

ATLAS-CONF-2019-029 - JHEPO1(2019)183

10/6/2021 HIGGS FIDUCIAL AND DIFFERENTIAL MEASUREMENTS AT ATLAS AND CMS - ROBERTO SEIDITA
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50000 ATLAS Prellmlnary ¢ Data
{s=13TeV, 139 fb" — Fit

----- Background

The H — yy channel

Events / GeV

= Relatively small SM branching ratio (~0.2%) offset by
very clean final state

H—yy, my, =125.09 GeV

= The full 4-momentum of the diphoton pair is accessible g—;
@
= Excellent diphoton mass (m,,,) resolution of 1-2% & /S S %
m” e
= Vertex assignment challenging (no tracker info)
. oSS 359fb (13Tev)
= Use of ML discriminants (BDT for CMS and NN for ATLAS) 3 2000—21':77 o category 0
:é‘ 1800~ + Data
= Main backgrounds: SM diphoton production l: —seB it

(dominant), y + jets, dijet (with misidentified jets) 1200

------ B component

ATLAS (139 fb~1)

11 llIIILIIIllIIIlIIIIIlIIJIIIIIlIIIllIIlJT

________ | ______I 200;_IIIII
' 8, 1yul, Niers, [cos8°1, p3*, pi?, | ' p7, |Yul, Nyees, ', myj, Ay N
I ] "= == B component subtracted
|yj1| |yf2| |A¢Hj1| |Any2| [
|AT]U| z | Combinations with H —» ZZ and

_______________ - H = bb, see talk by Haider Abidi

100 110 120 130 140 150 160 170 180

m,, (GeV)
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https://indico.cern.ch/event/905399/timetable/?view=standard#190-higgs-combination-at-atlas

= 10—

> -
3 ATLAS Preliminary ~ H-syy, {s=13TeV, 139 fb™

S S Lunc. . unc. = T T T T T
e u S £. + +Data, ot unc. \\ syst. urc g 103 L ATLAS Pre"minary B gg—Hdefault MC + xH [l Powheg NNLOF‘S+XH7_

. = 99— H default MC + XH 2 E —¢— Data, tot.unc. 3 syst. unc. B NLo+xH |8 GoSam+Sherpa+ XH 3
2 1 el [ H-yy, Vs =13 TeV, 139 b B NLOWVE + XH 4 Sherpa (uersenio) + XH ]
~ NNLOJET@SCET NNLO @ N'LL + XH [ antik. R=04 b >30 GeV [& STWZ BLPTW + XH [l MGS5aMC@NLO + XH |
-8= E<1 XH = VBF+VH+itH+bbH ! T Bl NNLOJET + XH B XH = VBF+VH+ttH+bbH

CMS (36 fb™1) wE

: o/14 = 84 + 11(stat.) + 7(syst.) fb : o S
| oll* =73+ 4fb |

U | H §
ATLAS (1 39 fb_l) E g =0 =1 =2 =0 =1 =2 =3
| e s ST T T ° £ 0 50 100 150 200 250 300 850 Nies
, 0/1% = 65.2 + 4.5(stat.) + 5.6(syst.) fb I P (Gov]
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Conclusions

= | have presented the most recent fiducial and differential measurements in the Higgs sector from the
ATLAS and CMS collaborations

= Wide range of production modes, decay channels and observables - first H — 77 differential result!
= Results are unfolded to particle level, allowing direct comparison with theory
= Most measurements still statistically dominated, looking forward to Run Il of the LHC and beyond!

= More Run Il results still to come, stay tuned!

= Thank you very much for your attention
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https://cds.cern.ch/record/2682844
https://www.sciencedirect.com/science/article/pii/S037026931930228X?via%3Dihub

Fiducial volume definitions - H — tT

CMS

= ety (utp):
= Electron (muon)py > 25(20) GeVand |n] < 2.1
= Visible T, pr > 30 GeV and |n| < 2.3

. m(e/,u,ﬁTT”iss) < 50 GeV

" ThTy: Momenta of photons radiated
= Visible T, py > 40 GeV and || < 2.1 within AR = 0.1 of a lepton are
= Atleastone jet with pr > 30 GeV added to the lepton’s momentum
" eu:

Leading (subleading) lepton p; > 24(15) GeV
= Lepton|n| < 2.4

= mq(ep, PRSS) < 60 GeV
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Migration matrices - H — bb

SRL(S): leading pi [GeV] |
. RL R RL/SR
(subleading) > R CMS Simulati

jet tagged . ?lmulatloln (13 TeV) ~
> €
O =

:F’n— > 650 E

300450, £

453;2(5)0’ 450-650, <2 ;

>650 o

£

450-650 E

(@)

L

ATLAS Simulation Preliminary Vs=13 TeV

100

(=]

S~
SRL1 10 13 3 c

Re)

© 300-450

o
SRL2 8 4 w=

S

o 450-500  500-550  550-600  600-675  675-800  800-1200
SRS0 26 »

Reco M

SRS1 10

SRS2 6
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Fiducial volume definitions - H - WW

CMS

Observable

Condition

Lepton origin

Lepton flavors; lepton charge
Leading lepton pr

Trailing lepton pp

7| of leptons

Dilepton mass

pr of the dilepton system

Transverse mass using trailing lepton

Higgs boson transverse mass

Direct decay of H - WTW ™

e u (not from t decay); opposite
Pt > 25 GeV

p,lr2 > 13 GeV

| <25

m > 12 GeV

Pk > 30 GeV

fm,lr2 > 30 GeV

myp > 60 GeV

Momenta of photons radiated

within AR = 0.1 of a lepton are
added to the lepton’s momentum
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Correlation matrices-H - WW

CMS 137 fo" (13 TeV) CMS 137 o' (13 TeV)
& B
g >200 | 0.034 0.010 0.039 0.020 -0.083 >4
:2:
120-200 | 0.052 0.040 0.101 -0.176 -0.197
0 3
L .
S 80120 0.114 Correlations among
o :
< : the unfolded signal
45-80 ; £
8 e strength modifiers
L 1 -0.199 0.153 0.029
o 20-45 0.026
0-20 -0.130 0.130 0.008 0 0.038 0.152 0.023 0.059
0-20 20-45 45-80  80-120 120-200 >200 0 1 2 3 >4
p.}" (GeV) -

UNREGULARIZED
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Fiducial volume definitions - H — ZZ

ATLAS

Leptons and jets

CMS

Leptons
Jets

pr > 5GeV, ] < 2.7
pr > 30GeV, |y| < 44

Lepton selection and pairing

Lepton kinematics
Leading pair (n212)
Subleading pair (m34)

p1 > 20, 15,10 GeV
SFOC lepton pair with smallest |mz — m |
Remaining SFOC lepton pair with smallest [mz — mgg|

Event selection (at most one quadruplet per event)

Mass requirements

Lepton separation

Lepton/Jet separation

J /¥ veto

Mass window

If extra lepton with pr > 12 GeV

50 GeV< mp < 106 GeV and 12 GeV< m3yy < 115 GeV
AR, £;) > 0.1

AR(¢;, jet) > 0.1

m(£;, £;) > 5 GeV for all SFOC lepton pairs

105 GeV< my4e < 160 GeV

Quadruplet with largest matrix element value

10/6/2021

Lepton kinematics and isolation

Leading lepton pr pr > 20GeV

Next-to-leading lepton pr pr > 10GeV

Additional electrons (muons) pt pr > 7(5) GeV

Pseudorapidity of electrons (muons) 7] <2.5(24)

Sum of scalar pr of all stable particles within AR < 0.3 from lepton < 0.35pt
Event topology

Existence of at least two same-flavor OS lepton pairs, where leptons satisfy criteria above
Inv. mass of the Z; candidate 40 < mz < 120GeV

Inv. mass of the Z, candidate 12 < mz, < 120GeV
Distance between selected four leptons AR(f;, £;) > 0.02 forany i # j
Inv. mass of any opposite sign lepton pair My > 4GeV

Inv. mass of the selected four leptons 105 < my, < 140GeV
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Correlation matrices - H — ZZ

IF o T T T T T T T T T T T 1 = N N Y Y Y B 1
S ATLAS J.—o g 1 =, ATLAS —._0 8
O, 002 012 \il__ijgz'riv,']_;gqf-:)q N 2?_)' % | ATLAIS | | ._0 8 — %:SZ-l—%V,T;94fL4 — .
. ] _06 H— ZZ* — 4] | . 001 001 _06
3 oor 000 B - Vs =13 TeV, 139 fo! 001 oo N
1 I

G4 [001 001 001 -0

0.4
-4 0.2 | oo
-0 Gy| 000
4402 N om
404 |
0.6

0.01 0.01 0.01 0.02 -0.

5 [ 0.01 001 0.01 -0.09

0.02 0.02 0.01

GE 0.01 002 001 0.02 0.01 0.01 0.01 0.02 0.02 0.01

0.01 0.01 0.01 0.02 0.01 0.01 002 0.06

Gz (001 001 001 001 001

a a a a aqa a a Q
o ® N o ok W N

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03

Gﬂ 001 001 000 0.01 001 -0.03

0.00 0.00 -0.00 -0.00 0.00 0.00 -0.

N

3
S
@
=S
o
2
S
=]
=]

Gg 0.00 000 000 000 000 000 000 000 -0.00

ZZ°
N’ 001 -0.34 001 0.00 -0.00 0.00 0.00 0.00 -0.00 -0.00 0.00

-0.00

Ngz E(!S 0.04 -0.00 0.00 0.00 -0.00 000 0.00 0.00 000

%
Ngz 0.00 0.01 -0.30 0.01 0.00 -0.00 -0.00 -0.00 -0.00 -0.00 0.00

N 2z
003 -0.38 003 -000 000 -000 000 000 000 -0.00 N 0.00 0.00 001 -0.32 0.01 -0.00 -0.00 -0.00 -0.00 -0.00 0.00 0.00 0.01

*
Ngz’ -0.00 0.02 -0.36 002 -0.00 -0.00 0.00 000 -0.00 -0.00 0.00 001 Ngz 0.00 sz -0.00 -0.00 0.00 0.01 -0.31 0.01 0.00 0.00 -0.00 -0.00 0.00 0.00 0.00 0.00
— s [ -

ZZ* _1 sz 0.00 0.00 -0.00 -0.00 0.01 -0.18 -0.29 0.00 -0.00 -0.00 0.01 0.00 0.01 0.01 0.00 _0.8

N3 -0.00 -000 0.01 -022 -0.20 001 000 000 000 -0.00 000 001 . o bv— o © Kl x F\l 5 |
*

z7* I © © © Ne N A N Néz 0.00]0‘00 |-U‘OO I-O.OOIO‘UO I-G.OOID.OD r0.29|-0.21 I-D.l2| 0.01 IU‘OO I 0.01 IU‘DO IO.OD IG.OI

N4 -0.00 ,-0.00 -0.00 -0.00 0.02 -0.25 -0.15 -0.07 -0.01 0.00 000 001 0.01 0.04 2 2 2

| | | | | | | | | | | | | N O, N M < WD © M~ 0 MF x  oxoox o ow X x
— . N NN N] N
C 6 6 6 & @ Mo N Ne e e 1 jets bbb obobbbb b bNoNNNNNNG
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Fiducial volume definitions - H — yy

Phase space region Observable Bin boundaries
ATL AS py (GeV) 0 15 30 45 80 120 200 350 oo
Niet 0 1 2 3 4 0
Baseline " 0 015 03 06 09 25
Pr /iy > 1/3 ly |9* : 0. : : :
Objects  Fiducial definition P m, > 1/4 |Cf( l 0 01 025 035 055 1
" H il (GeV), Nigt =0 0 20 60 00
Photons || < 2.37 (excluding 1.37 < [y < 1.52), 3, p&/p} < 0.05 ] <25 " EG Vi N
. Pr eV), Njet =
Jets anti-k;, R = 0.4, pr > 30GeV, |y| <4.4 Is0gen < 10GeV G N o1 0 150 300
. T ? il
Diphoton N, > 2, 105GeV < m,y, < 160GeV, p%l/mw > 0.35, p%z/mw > 0.25 o 01 s
jet 8]
Nlepton 0 1 2 o0
i PES (GeV) 0 100 200 oo
. .
The sum on p7 is extended to all charged L () e e we
particles within AR = 0.2 of the photon Baseline + >1 jet 1| 005 12 2 23
pho> 30GeV, || < 2.5 | A 0 26 29 303 7
[AyTrI| 0 06 12 19 oo
2 (GeV) 0 45 90 oo
2 jets ™| 0 12 25 47
Baseline + >2 jets |Agpitiz| 0 09 18 =
P> 30GeV, |pi| < 4.7 |Agraz| 0 29 305 =«
Wﬁjz_n'rﬂ 0 0.5 1.2 o
miiz (GeV) 0 100 150 450 1000 oc
[Apra2| 0 1.6 43 o
VBF-enriched P‘ZE (GeV) 0 45 90 00
Ljets + |Aniidz| > 3.5, miiz > 200GeV A2 0 09 18 =«
|AgT vz | 0 29 305 =
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