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Introduction

Decay channel Recent results from CMS

* Following its discovery, the Higgs boson H—WW CMS-HIG-20-013 (acc. in EPIC)
has been studied in a wide variety of final
states 10.1103/PhysRevlLett.128.081805,
H- 1t

CMS-HIG-19-010 (acc in EPJC)

* All accessible production modes

have been measured H - )44 CMS-HIG-19-016 (acc. in JHEP)l
H-7ZZ CMS-HIG-21-009 (sub. in JHEP)
* Each channel brings complementary
information and probes a different phase _ CMS-PAS-HIG-22-009,
space H — bb

CMS-PAS-HIG-20-001

— A wide range of decay modes probed H — cé CMS-HIG-21-008 (acc. in PRL)
with the 13 TeV data set collected

during Run2

Covered in this talk
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https://cds.cern.ch/record/2812784
https://doi.org/10.1103/PhysRevLett.128.081805
https://cds.cern.ch/record/2807752
https://cds.cern.ch/record/2825355
https://cds.cern.ch/record/2839931
https://cds.cern.ch/record/2839932
https://cds.cern.ch/record/2827421
https://arxiv.org/abs/2205.05550

Differential cross sections
inH —» ZZ

Submitted to JHEP, Arxiv:2305.07532



https://arxiv.org/abs/2305.07532

H - Z/ - Overview

 Full Run2 measurement (£ = 138 fb™1)
c H-oZZI-48({E=e

 Extend the measurement with respect to the previous
Run2 analysis (4 — 31 observables)

HIGHLIGHTS

* Bins of kinematics observables defining
the decay

* Bins of 6 matrix element discriminants
sensitive to anomalous couplings in the

HVV vertex

e Double-differential results

17/05/2023

Decay kinematics fully described by:

* 5angles describing the fermions

* Invariant mass of the Z bosons (m; ,my,)

kinematical properties (P, 8;, 6,) and the
production and decay planes (®,07)
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https://link.springer.com/article/10.1140/epjc/s10052-021-09200-x
https://link.springer.com/article/10.1140/epjc/s10052-021-09200-x

H - ZZ —Results (1)

CMS Preliminary 138 b (13 TeV)
N | | |
b 4 Data {statl_ @ sys. u.m.)
» Definitions of a fiducial phase space to match closely T 40 S et Bt _'
the reco-level selection © r e e T
Slﬂ—T—"k — [] XH=VBF +VH + ttH (POWHEG + JHUGen + Pythia)
: LIy }\_| | S| (LHCHWG YR4, mH=1 25.38 GeV) 7
* Signal extraction trought fit to the m,, distribution b ]
. . : 1 o _
* All fiducial cross sections in agreement with :
the SM predictions within uncertainties ; ,
E 1.9F e ) |
O 11- ..................................................... I ..................... ['—I_I_ITI ........... V .............................................
: : : z H=—ER bR =B
* Inclusive cross section measured with overal % 0} SR
precision of 10% s 332 S
X : | I l
41 2e2u 4 4e
» Systematic uncertainty dominated by
* Electrons-related nuisances o/t = 2.73%022(stat) ¥ 13 (syst)
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H — ZZ — Results (2

Higgs boson kinematics ME discriminant
. CMS Preliminary 138 b (13 TeV) CMS Preliminary 138 fb' (13 TeV) CMS Preliminary 138 b (13 TeV)
L I I I ! I ! ' ' ' | I I ! ! I ' ' ' I | I ! ! ! — _ FTT | red I rr | tr I rr I rt | re I re | vt I L —_—— LT T DT LI LI LI LI LI [ LLILEL L I
5 0 - ] | | I | I I [ | |
- + Data (stat. @ sys. unc. value, - 0. E - : . unc. . . 0 14 7
S emooni) | ppomesoss | 82 af P omemeoee serovesor @ M b oo pipomesion |
T 4 [ SNy gg—H (amcatnloFXFX + JHUGen + Pythia) + XH ] -ED 3.5 :— SRS ggH (amcatnloFXFX + JHUGen + Pythia) + XH —: 8 121 — Systematic uncertainty ]
2 i NN g0 Ll (NNLOPS + JHUGen + Pythia) + XH i 177 s SN g0 1 (NNLOPS + JHUGen + Pythia) + XH TS [ % SM (POWHEG + JHUGen + Pythia) ]
®] | %4444 gg—H (POWHEG + JHUGen + Pythia) + XH ] @) 3 Y% gg--H (POWHEG + JHUGen + Pythia) + XH = (MR 10[ ’ z E
""“*_U - [ ] XH=VBF +VH + ttH (POWHEG + JHUGen + Pythia) - O . [ ] XH=VBF +VH+ ttH (POWHEG + JHUGen + Pythia) - ®) - ##### AC (POWHEG +JHUGen( =1+ Pythia) 1
ba.: 3r (LHCHWG YR4, m =125.38 GeV) ] ..'_Q 25 3 (LHCHWG YR4, m =125.38 GeV) 3 ‘"“_U sl (LHCHWG YR4, m =125.38 GeV) B
g : b:.‘—f 2F 19 - ]
2f . 1 O : ]
i ] O 1.5 = = 6: .
] ! e E 4F .
1 7 ! s | ] : - ]
i 0.5F - 2k |7 |
PR I T e s s s B M A . o o o o e o o T T g i | T ? | | | | s ]
g }‘2 : g 1‘2 j LU | (L I LI | LILIL I LI I LU | [ I LI | LI L) I L 3 - | : | - I . : B— I . 1 B— I — | o : B—
2 12 = 1.2f s 25} ]
% 1HH % 1%—5— %) ot E
5 0.8F o 0.8 [s]
2 06} 2 06} < 15f ;
S 04} 2 04f 5 1 b
& 0'5_ D‘g l:"%-|||||||||I||||||||||||||I||||||||||||||_ o 05k
0 05 1 15 2 25 _1 _0_8_06_04_0_2 0 02 04 0_6 08 ‘I |||||||||||||||||||:|||||||||1||||||||| bt
o* 0 01 02 0.3 04 05 06 0.7 08 0. 9 1
|y | Cos dec
H D

e Differential results consistent with the SM prediction

* Dominated by statistical uncertainty
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STXS measurement VHin H - bb

CDS:2827421



https://cds.cern.ch/record/2827421

STXSVH in H = bb - Overview

q Z|W
 Full Run2 measurement (£ = 138 fb™1) ( v A
Z O-lepton
e 3 analysis channels by decay of the (Znn)
vector boson b . v Y,
g (" ¢ )
q/q \1\ - W 1-lepton
HIGHLIGHTS b (Win)
. Ve y,
4 ( )
* Within the Simplified Template XSection ‘ Resolved decay : 7 2lepton
STXS) framework 4 (zll)
STXS) ?=>’° P r
1)'1\: <K mx \- J
/ (= e H
. . Boosted decay %
Dedicated categories for boosted topology X ‘ A@
pT > mx
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STXSVH in H = bb - Strategy

- = V(- leptons) H Reco-level categories in p; (V) and #jets
[ | 0 — lepton
qq¢' -~ WH qq — ZH g9 — ZH
pY pr(V) (0,250) (250,400)  [400, )
0 I
#of |
75 additional 0 | =1
jets |

150

pr(V) (0,250) (250,400)  [400, )

O-jet 1-jet > 2-jet 0-jet 1-jet > 2-jet 2 — lepton

250

400

pr(V)  (75,150) (150,250) (250,400) [400, o)

Stage 1.2 scheme with some modifications: -
#o0

|
I

* Merge qqZH + ggZH bins additional 0 i >1
I

jets
* Merge WH 150 — 250 (Ojet +> 0Ojets) bins
* Foreach category, one SR and 3 CRs enriched in the

e Bin with normalisation fixed to SM expectation main background processes are defined

17/05/2023 34TH RENCONTRES DE BLOIS 2023 - BENEDETTA CAMAIANI 10




STXSVH in H = bb - Results

SR tt CR V+LF CR V+HF CR
[ 0-lepton, resolved DNN pr(V) pr(V) HFDNN ]
O-lepton, boosted BDT DeepAKS8bbVsLight DeepAK8bbVsLight DeepAK8bbVsLight
1-lepton, resolved DNN pr(V) pr(V) HFDNN
1-lepton, boosted BDT DeepAK8bbVsLight DeepAK8bbVsLight DeepAK8bbVsLight
2-lepton, resolved DNN pr(V) pr(V) DeepCSV scores
[ 2-lepton, boosted BDT DeepAK8bbVsLight DeepAK8bbVsLight DeepAK8bbVsLight ]

138 fb™" (13 TeV)

: CMS . Observed s OMS Preliminary 138 1 (13 TeV)
Overall signal strength extracted from a Preliminary 1o (stat ® sys) E b D ceew e e :
simultaneous fit in SRs and CRs = o (sys) s S R
2-lepton - 0.07 £0.18 £0.13 'E 10;— == o e _?_T _
.. : : s O + - S
* Combining all analysis categories epton - 09940235022 : L T =
u=0.58 £0.18 A T
0-lepton - 0.81+0.23 +0.21 s —_—
« _eps @ 2F e
* Observed (expected) significance of — — e S o 1 E
3.3 (5.2) standard deviations —_— Y e
Best-fit e TR v

34TH RENCONTRES DE BLOIS 2023 - BENEDETTA CAMAIANI 11
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Cross sectionsin H » WIW

Accepted in EPJC, Arxiv:2206.09466



https://arxiv.org/abs/2206.09466

H - WW - Overview

*  Full Run2 measurement

99F — H - euvv (DF)
VBF

3 Higgsboson production modes

— | H - eevv, H - uuvv (SF)

HIGHLIGHTS VH (V - jj)

10 final states
* fully leptonic, except for WHSS
and ZH3l WH
e W — fv has ahigh BR but
neutrino is not detected

W — v, H - £*vjj (WHSS)

W — ¢v,H - £¢vv (WH3I)

* Simultaneous measurement of 14 Z - ¢¢,H - ¢vjj (1H3I)
STXS bins ZH

Z - ¢, H - £¢vv (LHA)

17/05/2023 34TH RENCONTRES DE BLOIS 2023 - BENEDETTA CAMAIANI 13




H - WW —Signal extraction

e Simultaneous maximum likelihood / cMs mmmmm
template fit to all analysis categories: S T o B o]
£ 2of EEY e T /
2 0t 1 -1
H . : CMS 138 fb! (13 TeV)
99 - : 2 T e
[ ] DF: template 2D (mfg, mT) § _: LCI>I.J) 106 -ms::;g?sboson E;&F VBF DF SR
[ J SF' N w C ] 105 |_'Ncnpmr[1pl Ww
. events C _: 104 tW and tt
VBF ............ ] 103
* DF: DNN output i i é 11";
i SF Nevents g 100 150 200 1

m, [GeV]

VH (V - ]]) CMs 138 o' (13 TeV) 107
.« DF:my S BT
* SF Nevents 180 s
VH (V - leptons)
* WHSS: mgg](])

T ggHDF ot 10°
p,,< 20 GeV 107

15 E
1E -
05 E

160F
140F
120F

ey

Data/Expected

0 02 0.4 0.6 0.8 1

Events / Bin width [GeV)

-

e WH3I: BDT output "
e ZH3l: mr g o —
e ZH4l: BDT output g : Zpng{wniss[l _ CosAgb(ﬁff), E7rpi55)]
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H > WW — Results

CMS 138 fb~! (13 TeV) cMS 138 fb1 (13 Tev)
ZH(Z ~ leptons); pZ > 150 GeV 1 W- o/os = = 0.1153
uZH h — 20 + 07 : - =0 10+0‘03 b
ZH(Z - leptons); pf <150 GeV 1 i g 0=0.10503 P
WH(W - leptons); p¥ > 150 GeV T gy, 0=08X55pb
2.2 £ 0.6 WH(W — leptons); p¥ <150 GeV - _m_c=o.06i3;82 pb
HwH - e = = i 12
VH(V = j); 60 <mjj<120 GeV A — S S A S S S — ° = | O-12 PP
qgH: m; > 350 GeV; p! > 200 GeV 1 iy 0= 017253} pb
|
Hver 0.71:9:2¢8 qqH; mj;> 700 GeV; p! < 200 GeV A % 0=0.02315f15 pb
502 < - . - 0004231 pb
HoWW qqH; 350 <mj <700 GeV; p{ <200 GeV -m— N
e Combined = 0.95%9.19 9oH; P > 300 Gev | ———HEEEEASSEA— | Com= m 2o
HggH A 0.921833 4 Observed + 1o (Stat.@Syst.) ggH; 200 < p < 300 GeV 1 g, 0=022131F pb
m =+ lo (Stat.) o 6=1.5227 pb
—— Standard model oot > : . 4+ Total unc.
. . . . . ; agH; 1J; 60 <p! <200 GeV 1 L | =055 pb ##4 Stat. unc.
0.5 1.0 1.5 2.0 2.5 3.0 522607 pb Theo. unc.
O/0Osm ggH: 1J; p <60 GeV 1 | 560~ 25%0sP p————
ggH; 0) - + : 0=4.2}3 pb ———
; | . VH
. « . ——- Standard model
* Overall signal strength at 10% precision — : ; . -
0/0sm
* Nice improvement on 2016 result thanks to
more data and new channels/techniques * Some bins merged together for lack of sensitivity
* Mgen and pyy among the most precise * Among the most precise measurementsin low

measurement in a single channel p4 STXS bins to date
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https://www.sciencedirect.com/science/article/pii/S0370269319301169?via%3Dihub

CMS,

Inclusive and differential cross
section in H - yy

Accepted in JHEP, Arxiv:2208.12279



https://arxiv.org/abs/2208.12279

H —yy-

 Full Run2 measurement (£ = 137 fb™1)

* Clean final-state topology and precise
reconstruction of the diphoton invariant mass

* Small branching ratio but high selection
efficiency

HIGHLIGHTS

e Differential fiducial cross sections as
a function of 20 observables
* VBF-like phase space

e 2 double-differential cross sections

17/05/2023

Overview

Qbaewables of inlerest
Diphoton system

144
pT ) |yyy|; |¢7>;

,cos(6%) Event-level observables

miss
br ijets:

J

Leading jet Nieptons: Njetss T

pg}’ |A¢Wi1|,| yhl,l Ayyyjl|
Subleadingjet and dijet system

p,{?, |A¢J‘1f2|’| A¢VV]1J'2|’

Double-differential - y - .
| nlijz — 77w|,mu,| An1112|, ly7/?|

124 124 J
pr US Njets, pr VST,

34TH RENCONTRES DE BLOIS 2023 - BENEDETTA CAMAIANI 17



H — yy —Results (1)

CMS 137fb ' (13 TeV)
* Signal extraction through a fit to the 2001 H = vy ### MG5_aMC@NLO, NNLOPS
diphoton invariant mass spectrum ]
1.501
* Unfolding embedded in the likelihood s
fit signal extraction =
ﬂl 1.00 -

* Cross section measured within the fiducial Fiducial phase SpaCQ

volume consistent with the SM value 0.50 1 Y, > 1/3
P;rr vy =

(75.4 + 4.1 fb) within one standard r;7($¢£5> 1/4

deviation 0201 Tl < 10GeV

J

0.00 - . . N A, /////////A

30

old = 73,4022 (stat) *35 (syst) fb

17/05/2023 34TH RENCONTRES DE BLOIS 2023 - BENEDETTA CAMAIANI 18




H — yy —Results (2)

-1 —
CMS 137fb ! (13 TeV) CMS 137fb~! (13 TeV)
2 |
LA I & s Y #ss MADGRAPHS aMc@NLO, NNLOPS ggH + HX 1021 H — vy #5% MADGRAPHS5_amMc@NLO, NNLOPS ggH + HX
#4% MADGRAPH5 aMC@NLO ggH + HX || < 4.7 #4#% MADGRAPH5_aMC@NLO ggH + HX
Lo #% POWHEG ggH + HX %4 POWHEG ggH + HX
— HX = MADGRAPHS aMc@NLO VBF+VH+itH —  HX = MADGRAPH5_aMG@NLO VBF+VH+ttH
. + Data, statsyst unc. + Data, stat@syst unc.
= ity syst unc. = 10% syst unc.
1074 ' . © )
Q: i p-value(nominal SM): 0.236 H ‘-C-Z 7 E'Ji < 15.0GeV ) /15.0 GeV p-value(nominal SM): 0.619
= 1998 pr =
= -1 ] T.J
S0 = _5 10 Fa
T g = T e 3
= s & = = =
S T2 & Eys
_ =]
< 10 EE 4 | ﬁ g
g =
[ &

?
T

2 2
A/ Ex — Pox

10_3- . =
I TC - i?g-\]zl);; ZCOSh (yk _ yH) I—“—

Rapidity weighted jet-pt

L

|

=
S=i=] c ,
TN == .
[+ = = /
o E EI:U E 1 ; | w% P—
0 100 0 - 500 100 000 0 20 40 60 80 100
PY(GeV) dcen

Showing just a few examples from the extensive set!

e Overall, differential cross section results agree within the uncertainties with the SM prediction

34TH RENCONTRES DE BLOIS 2023 - BENEDETTA CAMAIANI 19
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Higgs turns 10!

On July 2022 the CMS collaboration has published the

S : 205 | Howyy " Hobb 4
most up-to-date combination of Higgs boson results for - { s [ o |
the 10 years of its discovery (Nature 607, 60-68(2022)) L 10 :+"“|I**‘“’I:

05 Loss o a8 —|
0.0F |
CMS {s=7TeV,L=51ft"ys=8TeV,L=531" > ‘%%SQMSIIII‘137191(13\TBV% —05F E
s [T G B e ot : : - | : : -
S’_, ué:woo- Unweighted 1 2 oE ¢ Data E 20F H- ZZ H— 1t e
:-1500 E E “ :gi’r:imnem E 15; e e ';
£ g % 30:_ [IREaK; = E L L E
;| : S=e ] R i S e BT
g1000 0 | I ] 05F L oss Logs =
Qo L my, (GeV) | L L ] - 4
S ] cr , : 0.0F =
(0} | ¢ Data 0 E E
= S0 —sart = T B compona subrhcted 3 —0.5F E

@ e e : : : ; ; ; : ;
2 N AT ‘a0 E 20F H > Ww H— pp 3
w 110 120 130 140 150 0 ; e - I ]
mw (GeV) 750?00 Ti0  f20 130 140 150 160 170 180 1.5 :_ T'w + _:
a 1.[ZIE { + ( & I I -
05F i ra
2012 : ]
-0.5F =

. . e e - { . i ﬂ’s { &
From searching for a new particle to precision measurements! Fcorey, HCRy, 5 bang, it P0re, YRy, ™ pgy, Mlie
17/05/2023 34TH RENCONTRES DE BLOIS 2023 - BENEDETTA CAMAIANI 20



https://www.nature.com/articles/s41586-022-04892-x

Higgs combination

. . . CMS 138 fb™! (13 TeV) CMS 138 fb™' (13 TeV)
Combination of production modes and ° -
® Observed [] #1sd. (stat) ® Observed [] +1sd. (stat)
decay Cha n nEIS: = +1 5.d. (stat ® syst) - 11 s.d. (syst) = +1 5.d. (stat © syst) . +1 s.d. (syst)
—— 12 s.d. (stat @ syst) — 12 s.d. (stat @ syst)
” — 1 O O 2 + O O 5 7 N : Stat Syst B Stat  Syst
. - Haon - 0.979%8 <004 1007 u" 1.132000 008 G
° M i 77 0-971-0.12 :0.08 :0.09
Excellent agreement with SM . ~ oson % " a4

expectation N

.
e
o —— 14492 an 98 . §
d At the tlme Of dISCOVGFY - uv _E.L 0.85:0.10  +0.06 0.08
E.

0.97+0.09 +0.05 +0.08

‘Ll — 0.87 i 0.23 Hay —E— 120%02  Lop0 000 -

-0.25

10553 015 G35

- Improvement of the uncertainties by te| o —— 0943 08 g3 » i P
a factor of 4.5 in precision - -
u? e — 25075 0% 0%

. | —f sosze 4 g
¢ Theoretical’ StatiSticaI and 0I - IL'l.|5I - I1?(}I - I‘I!5I - I.‘E.IDI - EZ.ISI 3.0 3.5 40 45 0 - I('Ir.ISI . I1?0I . I1!5I - I2!0I I I2.5 3.0 3.5 4.0
systematical uncertainties contribute Parameter value Parameter value
at a similar level Significance of 50 or larger
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Conclusions

* Several Higgs boson cross section measurements have been performed in CMS
* Some of the most recent results have been presented
e ZZ,bb,WW and yy decay channel covered

 Good agreement between standard model predictions and experimental results is observed for all the
decay modes

* A new set of measurements will be performed using Run3 data set, allowing to reach an unprecedented
level of precision

Thounks fev yewv altentien
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H — /7 — Fiducial volume

Requirements for the H — ZZ — 4/ fiducial phase space

Lepton kinematics and isolation

Leading lepton py pr > 20GeV
Sub-leading lepton py pr > 10GeV
Additional electrons (muons) pr pr > 7(5) GeV
Pseudorapidity of electrons (muons) 7] <2.5(24)
Sum of scalar p of all stable particles within AR < 0.3 from lepton < 0.35pr
Event topology
Existence of at least two same-flavor OS lepton pairs, where leptons satisfy criteria above
Inv. mass of the Z, candidate 40 <my <120GeV
Inv. mass of the Z, candidate 12 <mz, <120GeV
Distance between selected four leptons AR(¢;, £;) > 0.02 for any i # j
Inv. mass of any opposite sign lepton pair My - > 4GeV
Inv. mass of the selected four leptons 105 < my, < 160 GeV

34TH RENCONTRES DE BLOIS 2023 - BENEDETTA CAMAIANI 24



H — ZZ — Events selections

e Z candidate:
* Any OSSF pair satisfying 12 < myp,) < 120 GeV

» ZZ candidates: all possible ZZ pair are built, where the Z; is the candidate with m,, closest to the nominal Z mass

* my > 40 GeV/c? Z.'

Pra,) > 20 GeV, Pra,) > 10 GeV

AR(n, ¢) > 0.02 between each of the four leptons \ /

my; > 4 GeV for OS pairs
Reject 44 and 4e candidates where the alternate pairing 7.7, satisfies /\

| M(Z,) —mz | <|mz —myz| AND m, < 12GeV/c?

2 \..._____.-/
my; > 70 GeV/c Z>

* If more than one ZZ candidates passes the selection, the one with the highest p; in retained

17/05/2023 34TH RENCONTRES DE BLOIS 2023 - BENEDETTA CAMAIANI 25




STXSVH in H = bb - Resolved topology

ﬂariable
Common selection:

SR Z+bijets Z+lightjets tt \

<05

min(pfMET, H"*) > 100 -//- -/ /- -/ /-
piniss > 170 -//- -/ /- -//-
pr; > 60 -/ /- -//- -//-
T > 35 -//- -/ /- -//-
pr(j) > 120 -//- -//- -//-
A¢p(Z,H) > 2.0 -/ /- -/ /- -//-
A¢(pfMET)]) > 0.5 > 0.5 > 0.5 > 0.5
Different between SR and CRs:
Ny <1 <1 <1 =2
Mjj) €[90-150]  #[90-150] - -
btag,.,., >medium > medium < medium > medium
btag,..in >loose >loose <loose >loose
<05 <05

A(pfMET trkMET)
k‘m’n A¢(pfMET)])

<J‘T/2/

17/05/2023

Variable SR W +b jets W + light jets tt
Common selection:
prii) > 100 -/ /- -/ /- -//-
pr(V) > 150 -/ /- -//- -/ /-
Niep <1 -/ /- -//- -/ /-
pl > 25 -/1- -/1- -/ /-
p2 > 25 -/ /- -//- -//-
Ag¢(lep, pfMET) <2 -//- -//- -//-
Difference between SR and CRs:
btag,, .. >medium >medium [loose-medium] >tight
btagmin >loose - - -
Mjj) [90,150]  [150,250] and <90 <250 < 250
Ny <2 <2 - >1
o(pfMET) - >2 >2 -
<25 - -

vcp(ﬂ, v)

-

~

Variable SR Z+bjets Z +lightjets tt
btag, .. >medium >medium <loose >tight
btagin >loose >loose <loose >loose
M(V) [75,105] [85,97] [75,105] [10,75] and <120
M(jj) [90,150] #[90,150] [90,150] -
ﬁ_i_'niss _ <60 _ -
\&ap(H, V) - > 2.5 > 25 - J

34TH RENCONTRES DE BLOIS 2023 - BENEDETTA CAMAIANI
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STXSVH in H = bb - Resolved topology

Input variables of
the DNN (and
HFDNN) trained
in resolved SRs

17/05/2023

Variahle Description Odepion | Tdepton | 2-Jepon
M(jj) Dijet invariant mass v v v _I
prii) Dijet transverse momentum ' v v
fimiss MET transverse momentum v v v
M, (V) Transverse mass of vector boson v
pri(V) Transverse momentum of vector boson v v I

priii)/ pr(V) Ratio of momentum of vector boson and Higgs boson v v
Ap(V,H) Azimuthal angle between vector boson and dijet directions v v v
btag .y Working point b-tagging score of leading jet v v v
btag.in Working point b-tagging score of sub-leading jet v v v
Anlji Pseudorapidity difference between leading and sub-leading jet v v v
Adiji) Azimuthal angle between leading and sub-leading jet s v I
P (i1.12) Maximum transverse momentum of jet between leading and sub-leading jet v v
priiz) Transverse momentum of the sub-leading jet v v
SA5 Number of soft-track jets with momentum greater than 5 GeV v v v
Ny Number of additional jets v v
btag, .. (add) Maximum btagging discriminant score among additional jets '
P (add) Maximum transverse momentum among additional jets v
Agjet, pfMET) Azimuthal angle between additional jet and MET e
Ag(lep, pfMET) Azimuthal angle between lepton and MET v
M, Reconstructed top quark mass v
priip) Transverse momentum of leading jet v
rriia) Transverse momentum of sub-leading jet v
M(V) Reconstructed vector boson mass v
AR(V,H) Angular separation between vector boson and Higgs boson v
AR(V,H) (kin) Angular separation between vector boson (reconstructed after kinematic fit) and Higgs boson v
r(mjj)) Resolution of dijet invariant mass v
N Number of recoil jets v

IeC
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STXSVH in H = bb - HFEDNN

0 lepton (left) and 1 lepton (right) categories

£10000

8000

6000

Obs / Exp

The output nodes target enrichment in the V+light-flavor (first bin), V+c (second

59.8 o' (13 TeV)

CMS

[ Preliminary

0-lepton
Z+bb enriched
150<p_(V)<250 GeV

¢ Data
[} ggZHbE
= W+b
B W+udsg
[ClZ+c
B it
Il VV+LF
54 MC uncertainty

@ WHbb
[l ZHbb
EW+c
[1Z+b

[ Z+udsg
[ IVV+HF
Il Single top

0000

Eﬂtries

20000

10000

Obs / Exp

59.8 b (13 TeV)

r CMS
" Preliminary
: 1-lepton (e)

W+bb enriched
150<p_(V)<250 GeV

¢ Data Il WHbb
Il zHbb [CJVV+HF
[ wW+b [ Ww+e
Bl W+udsg [ |Z+b
[ Z+c [ Z+udsg
Bt I vVv+LF
Il Single top %% MC uncertainty

HF DNN

bin), V+b (third bin), single-top (fourth bin), and tt (fifth bin) backgrounds.
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STXSVH in H = bb - Boosted topology

(- O-lepton )
Variable SR Z+bijets Z +lightjets tt
DeepAKS (bbVsLight) > 08 > 0.8 < 0.8 > 0.8
M(jj) €[90,150]  #[90,150] = 50 > 50
Ny =0 =0 =0 >0

\ N, = =0 =0 > 1 /

/"~ 1-lepton \
Variable SR W +bijets W +lightjets tt
DeepAKS (bbVsLight) > 0.8 > 0.8 < 0.8 > 0.8
M(jj) €[90,150]  #[90,150] > 50 > 50
N, =0 =0 =0 >0

\_ Ny =0 =0 =0 >1 )

/" 2-lepton A
Variable SR Z +bijets Z + lightjets tt
DeepAKS (bbVsLight) > (0.8 > 0.8 < 0.8 > 0.8
M(jj) €[90,150]  #[90,150] > 50 > 50

\_ M(V) €[75,105] €[75,105] €[75,105] #[90,150] )
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H —> WW-VBF DF

?
] 60 GeV < mi < 125 GeV;m:? > 30 GeV
Preselection H > WW DF > r T — DNN score
Deep Neural Networks (DNN) to
discriminate the signal from the main
background process cMS 138 o' (13 TeV)
e Eoa T e
\ g 108 E Other Higgs boson C_VBF  VBFDF SR
| s [ Minor bkg. [ by
10 %’ \_[Nnnpron_wpl ww
104%_ W and tt
\ 103%:1
> > 102% ﬁ:ﬁu
< 10%_—'—_'_'_'_|_|—\_‘
/ 1%—
107"
) 102F
_810-3‘.‘...‘|...|...|...
o fro . B . E H H
Used for both event classification g . Sttt
. . S 05 ¢ : : :
and signal extraction S LR CR
VBF

17/05/2023
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H — WW - Uncertainties

Uncertainty source Au/p Apgen/Meer  Abgqa/Pgqu  Apwu/bwa  Adzu/pzn
Theory (signal) 4% 5% 13% 2% < 1%
Theory (background) 3% 3% 2% 4% 5%
Fake lepton rate 2% 2% 9% 15% 4%
Integrated luminosity 2% 2% 2% 2% 3%
b-tagging 2% 2% 3% < 1% 2%
Lepton efficiency 3% 4% 2% 1% 4%

Jet energy scale 1% < 1% 2% <1% 3%

Jet energy resolution < 1% 1% < 1% < 1% 3%
pr o scale < 1% 1% < 1% 2% 2%
PDF 1% 2% < 1% < 1% 2%
Parton shower < 1% 2% < 1% 1% 1%
Backg. norm. 3% 4% 6% 4% 6%
Stat. uncertainty 5% 6% 28% 21% 31% |
Syst. uncertainty 9% 10% 23% 19% 11%
Total uncertainty 10% 11% 36% 29% 33%

Agyst > Astar ’
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H — yy - Strategy

The m,,,, distribution after weighted
Fiducial phase space combination of all categories
pyt/my, >1/3 e mmm - m— - — - -

T 5 1/4 | Total hadronic energy within ! _gCMs 187 o (13 TeV)

P1 o 1 (An)? + (Ag)? < 0.3 from | © F H ]

|q'r| <25 el - GRSt ]

10 GeV , | thephoton — mimics the : = ef e

Zgen < ¢ 1 reco level photon ID MVA | s Lk ¢ Data E

_______________ Li _S+Bﬁt E

- 4w B component -

fg t1o ]

1jet 2 jet § s J#20 .

= 205— €

pr > 30GeV & .f E

i Il <47 ) - ]
1£E > 30GeV - - -:V-L _—_—-- 0 t | e | |

P <25 /  +VBF like \

[

L Api>35 )
N 200GV _ 4

* Atreconstructed level, events are categorized in bins
of the decorrelated relative mass resolution
estimator (o)

[N L L1 L P TN T T T ST A T A TN S T S O T T
100 110 120 130 140 150 160 170 180

m,, (GeV)

* Signal extraction through a fit to the diphoton
invariant mass spectrum
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