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Introduction

Since its discovery in 2012 we have made great journey in

characterizing the Higgs boson
35.9-137 b (13 TeV)

 Many of its properties are being probed, CMS o Obemed
especially with the large amount of data = 10 (520 © 550
collected at 13 TeV during LHC Run-2 Preliminary 2o (st syt
pm=72%
* Most precise measurements of its mass, -
so far: 2 — -
m,, = 125.38 + 0.14 GeV W b ]
(Run-1 + 2016 data) Ky ——
 Couplings are being measured more | —o-—
precisely I,
* Analyses are carried out for measuring ngl_ O
differential cross sections, probe CP- -
violation, anomalous couplings etc.. |K7|_ -
« This talk presents results of only a few ™| ST T
recent measurements 2.5 ] 5-1-050 05 1 15 2 2.5
Parameter value
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Overview

e Search for H 2> uu decay [CMS-PAS-HIG-19-006]

 Measurement of H = tt cross section and probe of CP violation
[CMS-PAS-HIG-19-010, CMS-PAS-HIG-20-006]

* ttH measurements in multilepton final states [CMS-PAS-HIG-19-008]
* Measurements of properties H = yy decay [CMS-PAS-HIG-19-015]

* Constraints on Anomalous couplings in H 2 4/ channel
[CMS-PAS-HIG-19-009]
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e Golden channel for probing Higgs boson
coupling to 2"d generation fermion

* Challenging: Br(H>uu) = 2.18 x 10

* Searches performed in four exclusive
categories, targeting the production modes:
ggH, VBF, VH, ttH

* Events collected using single-muon trigger

* Basic Event Selection: Two well identified and
isolated, opposite charged muons with:

110< m,,, < 150 GeV

ggH VBF
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ttH, H>uu

e Smallest production cross section

* Event topology requires to have at least two
b jets

* Events categorized based on W decay

— Leptonic: 1 or 2 additional leptons
(W2 /v)

— Hadronic: W-> qq’, tt is major bkg
* Separate BDT trained for each categories

— Variables sensitive to tt and uu
kinematics, but uncorrelated with M,
mass

* Events further splitted based on BDT output
(dashed line)

— Leptonic: 2 categories, Hadronic: 3
categories

* m,, distributions in each sub-categories for
fitted to extract signal
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VH, H>uu

137 fb ' (13 TeV)

* Search for additional leptons, other than uu pair & 0k oms Preiminary E:;."E:'}VYZ' .
- :
. . . 10°F [l Topguark  []Other bkg. §
* Events divided into WH and ZH categories b —wi o Za
E _— er sig. 5
10% =
. . . . 10:— E
 BDT discriminator for each categories
1;‘ -E
o Variables exploit W/Z topology, in addition 1o ]
—2: A .
to uu topology "
s =
B e e hmmE
-1 -0.8 -06 04 02 0 0.2 04 06 08 1
* Further sub-categories based on BDT output WH BDT output
distribution g e B (13 TeV)
§ F CcMS Preliminary -4- Data Magq -2z 7
o WH: 3 categories W 10%g Moo -2z [@oY E
E []Other bkg. —aqq — ZH

102§ —gg — ZH =

o ZH: 2 categories

* m,, is fitted with Double-Crystal Ball (for signal)
and modified Briet-Wigner (for background) to

A
. B 1sF 1
extract signal £ S S
§0‘25.....|.'..|...|.1..H...|...|..|....:
-1 0.8 06 04 02 O 0.2 04 0.6 0.8 1

ZH BDT output
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VBF H=2>uu

137 fb ' (13 TeV)
—————y

g 107 CM&I‘» 'P;relliminary ¢ Data BWH-pp
. 4. . . . 6 M zii-Ew Opby
 Distinct topology of jets in VBF production O e e v M Ton Cuark WlDiboson
v — VBF —ggH

process
o Two jets in the forward direction, with large

rapidity gap and large m;.

* Primary Backgrounds: Z+jets
o Estimated by extrapolating from m,, side

O.SE— =

bands (limited by statistics) e e e U T

VBF DNN bin

137 fb ' (13 TeV)
* Deep Neural Network (DNN) for the extraction of g o} CMS Proliminary +pma  EZiew
W s[ vBF-SBRun2 EE; Wl Top Quark

signal . o . E m, = 125.38 GeV
o DNN trained on events in signal region (SR)

and side-band (SB)

Fit to the DNN output score simultaneously in SR
and SB to extract signal

— Inclusion of SB improves background

R T B
10 12

normalization S
% 2 4 6 8
VBF DNN bin
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ggH, H>uu

e Largest fraction of inclusive events

— Includes events rejected by all 3 previous
categories

— Dominated by events with 0/1-jets
— Lowest purity (smallest S/B)

e BDT discriminator to further categorize events
based on purity

— Muon variables in training (decorrelated

withm, )

— Includes also jet variables, to recover H+X
events

* Signal is extracted by fitting m , distribution with
analytical shapes

— Signal by Double Crystall-ball function

— Bkg (dominated by DY) by modified Breit-
Wigner etc.., modulated via polynomials
11/09/2020 Arun Nayak
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H>uw results  cuspasicio00e

CMS Preliminary 137 ™ (13 TeV) Simultaneous fit to all channels
L B B r— T T T
Combined i =119 5 Observed signal strength w =0 x BR / [0 x BR],y,
- —— Combined best fit g —
ggH-cat. M =0.63f§’ - === SM expectation +0.41 +0.17
' B s8% CcL =].
) B o ] u=1.19" " (stat)” ' (syst)
VBF-cat. | u=1.3677 m,, = 125.38 GeV 137 (13 TeV)
- B e i % _"'I""I""I""I""I""I""I""_'
fiH-cat. | 1=232] & %°F  CMS Preliminary 4 Data
B 7 @ 700F Al categories —— S+B (u=1.19)
VH-cat. | n=54871 - o] coof. S/(S+B)weighted ... Bkg. component 3
- - i m,, = 125.38 GeV Bl :io ]
g 500F [J+20 .
1 | NP T B b
-4 -2 0 2 4 6 8 2 400F
Best-fit 1 = 200k
o
Uncertainty source Ap @ 200F
] 5 f
Total ungertainty +0.44 .42 100F
Statistical uncertainty +0.41 -39 0= :::::::
- o sllll LI LI UL LI LI rrreyprrra LILLEL
Total systematc uncertainty +0.17  —-.1é 5 %
a ! 0
Size of simulated samples +0.07 —0.06 §
I|I|IIII|IIIIIIIIIIIIII|IIIIII|IIIIII|

= &n

10 116 120 126 130 136 140 145 150

Total experimental uncertainty  +0.12  —0.10
m,, (GeV)

Total theoretical uncertainty +0.10 -0

For illustration purposes only,
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H=>uu results

CMS-PAS-HIG-19-006

Combined with Run-1 measurement (Phys. Lett. B 744 (2015) 184)

The observed excess in data with respect to SM background corresponds to a
significance of 30

49" (7 TeV)+19.7fb " (8 TeV) +137 b (13 TeV)

35.9-137 tb” (13 TeV)

LR | T T
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= 2 10 .
g 10 £ |
| Q_ B b . ¢’
3 102 v,
8 10 3 e E
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First evidence of H>uu decay at LHC
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e Direct probe of Yukawa coupling to T leptons
* Advantage:
o Relatively larger branching fraction

H->tt already discovered using
Run1+2016 data (PLB 779 (2018) 283)

o Production topologies like VBF, boosted etc.. can be exploited

e Difficulty:

o Identification of T lepton decay challenging
o T decay includes neutrinos => Higgs system cann’t be reconstructed fully

* Analysis channels based on T decay modes: ey, et,, ut,, T, T,

* Hadronic decay of T lepton (t,) is
reconstructed using hadron-plus-strips
algorithm = Combines PF charged hadrons
and e/y candidates to reconstruct decay
modes

* Multiclass DNN based algorithm (DeepTau)
is used to reject fakes from jets, electrons,
and muons

o Significant improvement compared to
previous BDT based fake

discrimination
11/09/2020 Arun Nayak
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Backgrounds

JINST 14 (2019) P06032

e

e Largestirreducible background: events
with two genuine T leptons (mostly

Z>7TT)

* Estimated using a w2t embedding
technique: Replace uby atin Z2>uu

events.
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/

Simulate 7 leptons
with same kinematic
properties as muons.

N

Z — pp Selection

R

7, = pj Cleaning

Merge simulated and
cleaned event.

Remove energy

deposits from muons.

J

Backgrounds with jet = T, fakes are
estimated from data using a t,, fake
rate method.
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H—2>1t cross section measurements

* Increase data allows precision measurements of Higgs cross sections

* Different production modes can be probed with better precision

* Measurements performed in simplified template cross section (STXS) framework

 Minimizes dependence on theory and allows results to be reinterpreted easily by

theory community

Stage 1.2

ggH 200 < p,* < 300 GeV
[ L1 ]
H | =
p2 [0, 200] eH > 1 jet \L P 200,00 |
e e e e e e e e e e 1 1Pr

=T 71
o Ny

[y
=)

ggH 1 jet low p;
ggH 1 jet med. p;
ggH 1 jet high p;
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H—2>1t cross section measurements

* Events split in 3 categories: 0-jet, boosted, VBF
* Further sub-categories in STXS bins

* 2D discriminants to enhance sensitivity: m_ vs (my, p;", p;*

CMS Preliminary It,, VBF high p!! 137 fo” (13 TeV)
< 10t - - - ; - - - : - - —=
5 + 0bs. [ ]t bkg. [ jet—t, mis-ID [z ee/un [t + jets [Jothers  Unc. lH—twc (u=0.85) =
@ 350 <m, < 700 GeV 700 < m; < 1200 GeV m; > 1200 GeV -
o 10° —
> =
L —

10° =

10 " . ;' e

- T T T T T Ll T T T T T T T T T T
@) 20 .
<|Q (Obs. - bkg.) / Bkg. unc; - H—17 / BKg. UNC.
Q15 10 : *
1 .
(IS (@)] 0 (et 3 Ebocncn men o USSR R T L e o et ey G e Pl GERELELRn e e T,
> i AN ) ) ) ) ; ) f ) ) ) ) ) ) ) ) i ) ) ; ) ) )
0 (= =] [=] [=] S [=] (= S S S [=] [=] S S [=] S o [=3 =] S [=] S =] (= S
O & & T T T T oy g § & 4 = T 0T 0T oy g § & & T T T T § q
9] ~ o o o o o o o Te) ~ o o o o o o o [Te) ~ o o o o o o o
() — (<] Te) ~ — Te) (o)) — (0] [Te) ~ — o) (o)) — (5] o) ~ — [Te)
— - - — N o — - - — N 3 - - - — Y 3
m,, (GeV)
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H—>tt inclusive cross section

CMS-PAS-HIG-19-010 _ _
All categories are combined

: . and weighted by S/B
Results obtained using simultaneous

binned maximum likelihood fit CMS Preliminary 137 fb™ (13 TeV)
4 Obs. [ ]ttbkg. Z— ee/uu[ ]tt + jets

o ) [ Jtmis-ID[f]Others Unc.  [H—1t (1 =0.85)
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m
~~ L
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H—=>71t STXS results

CMS-PAS-HIG-19-010

Some STXS bins are merged

2 different schemes

Process-based and topology-based

137 b (13 TeV)

CMS Preliminary
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CMS Preliminary  Process-based
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H—=>71t STXS results

CMS-PAS-HIG-19-010

Some STXS bins are merged

2 different schemes

Process-based and topology-based

137 fb' (13 TeV)

CMS Preliminary
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Higgs CP in H—>7t decay

e Higgs CP in HVV couplings have been studied earlier at LHC
* ltisless tested in couplings to fermions

* There have been some measurements in Higgs to top couplings (arXiv:2003.10866,
arXiv:2004.04545)

* CP measurement in Higgs to tau coupling is complimentary to these results

* The interactions of Higgs boson to T leptons can be parametrised as:

m_ H

\'%

Ly = (K, TT 4+ R, TiysT)

* The CP-mixing angle can be defined by

l

tan((PTT) — K_T

* CPeven: |¢.|=0° CPodd: [¢p.|=90° CPmix:0°< || <90°
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Higgs CP observable

. Angle between tau decay planes in Higgs rest frame is
sensitive to Higgs CP

* CPeven:|¢.| =0°CPodd: || =90°,
CP mix: 0° < |¢..| < 90°

CMS Slmulat/on Prellm/nary 13 TeV
3‘ _I 1T I UL I I LI I T TT l LI | UL I—
s 0.1+ —CP even —CP odd _|
' 2 —CPmix —2Z
0.08
! Higgs rest frame
0.06_

Discriminates CP-

i 1 odd from CP-even
0.04 * __ ;\*-I— ) /"\*—)/

- y A-k_ Discriminates CP-
X /\L )' inv from CP-mix

¢* if O* >0
360° — ¢* if O* < 0

0.02_
Construct

0O 50 100 150 200 250 300 350 $cp =
q)CP(degrees)
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Constructing CP observable

. Since Higgs rest frame can not be constructed exactly, an approximation is used
*  The observable is constructed in zero-momentum-frame (ZMF) of 't system

. For T, candidates with intermediate p(a,;) mesons, decay plane is constructed
from nt* and n® momenta.

*  When no p(a,;) meson is present, the impact parameter and momenta of /*/n*
are used

. Considering final states in ut,, T, t.: (W,p, 7T, a,", a;*>*") X (w,p, m, a,**", a,*"")

- ow o b

Most Sensitive: T 4
up, TP, PP

P!
I
!
I

11/09/2020 Arun Nayak
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Analysis Strategy

* Multiclass NN (BDT) for ut,, (t,t,,)
channels, to separate signal from
Backgrounds

o Kinematic variables e.g, p;, m_,,

my;, N, etc.., are input to MVA

* Three output classes: genuine T, bkg,
fake T, bkg, Higgs

CMS Preliminary

137 i
F (O, QLT ) ]I {017, L8}
> |

{13 TeV)
(CL, 140 )

{05, 0L.Y)

=
-----1_.:")

Events

it a =B
l”.:{. wc

O 10 20 30 )
Bin number

11/09/2020

x5
=
=
%
=
58

CMS Preliminary 1 137 b {13 TeV)
‘llll'l Il:‘-l‘ :Il;"- I'l 1.: lllJ'. I: TI' ‘ 'IIL: I:!.I i 'IH,;. I:,‘JI' 'IH:) ]'Ill'
\ \ \ H " H s ) I
]
i -

[Mata

Hesthit H — 11
et — Ty

1 — 7 Embed.
Others

PSH =TT
HBesthit H — 11

PSH =TT
Hesthit Hl — 11
Blkg. une.
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Bin number

Data

Hesthit H — 11
J —+ 7 Embed.
et —+ 1y
Others

PSH =TT
Hesthit Hl — 11

PSH 1T
Hesthit Hl — 11
Blkg. une.

Events falling into the Higgs
category are used to extract CP

information

Fit 2D distribution of NN (BDT)
score vs ¢, for each channel

21



CP in H=>tt : Results

Simultaneous maximum likelihood fit to extract CP mixing parameter

* Measured value of ¢_ =4 = 17° (mostly dominated by statistical uncertainty)
e Pure CP odd exclusion: 3.2¢ significance
* Interpretation in k_framework, assuming all other couplings as SM.
CMS Preliminary 137 fb ! (13 TeV) ) CMS P ﬁelzl'mlinfzry — 137 ﬂP_ll .(1.3 Telv)
| I I I | I 1 I | 1 1 1 I 1 1 1 i | o _
10 —— Observed: ¢ = 4 417 °(68% CL) A [ : %Mt . — Sg ;0 g%
i nexD. o/ o0 ] i est fi -- % ]
99790\ 2 Brpected: §r” =0+£23°(68%CL) /1 - — 99.7% CL -
8 - 1r i
Q9 [ i [ ]
g or 1 & o —
2 i L ]
oy :—_9_52/‘1 ___________________________________ . L ]
i ] ~1F -
2 — i I' =T (K, Re) ]
:—6§2/(-)—————————- ———————————————————————— _ : K =1, KiZOVi#T :
O B L L T _2 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
~90 90 —2 —1 0 1 2
¢ (degrees) Kt
Clearly favours a CP even scenario
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tH & ttH in multilepton channels

ttH:
Direct probe of the top-Higgs interaction

— Allows to measure the strength of Yukawa coupling, CP violation

Challenging process at LHC:
— Small production cross section: 6 = 0.5 pb
— Large tt+jets, ttW, ttZ backgrounds

— Large combinatorics of leptons plus jets from top quark decay

Multi-lepton final states constitute Higgs decay to W*W-, ZZ, and t*t b
b b

Uy

€+
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tH & ttH in multilepton channels

tH:

* Even smaller production cross section: 6 = 74 fb

* Sensitive toy, and g, couplings (interference
between diagrams)

* v,/8y =-1(ITC) enhances cross section by =10
* While ttH is not sensitive to ITC

* Multi-lepton final states constitute Higgs decay
to W*W-, ZZ, and t'T

11/09/2020 Arun Nayak 24



Analysis Channels

Search performed in 10 exclusive event categories

Four leptons (4/) M8 Preliminary 137 fb™ (13 TeV)
€ 10° W+ mDY

Three leptons and zero T, (3/) 3 SN @i Otisels
] Mtz /ity gFakes

WiW(W) ESFlips
mwz [JConversions

WmZZ [JRares NN
@ Other Higgs proc.

Three leptons and one t,, (37 + 1t,) ) 10°

Two same-sign leptons and zero T, (2/ss+0t,) 10°

Two same-sign leptons and one T, (2/ss + 1t,) 44

Two os leptons and one T, (2/0s + 1t,) 10

Two leptons and two T, (2/ + 2t,))
1
One lepton and two t,, (1/ + 27,)

0/1.21;7 7/./.71;’ 7/1.2;’ 2/0\9.,_ 11-2/*21;' 3/* ’Z;’ 4/*01;’ 3/1.0% 2/88"‘05/
f f

One lepton and one T, (17 + 17,)
Zero lepton and two t,, (07 + 27,)

¢ =eoru, charge consistent with final state

O Jets and b-jets multiplicity according to ttH final state
d 2lss + 0v,, 2lss + 11, and 31 + Ot channels enlarged to accept tH events

= Allowing events with one light (forward) jet and one b tag

11/09/2020 Arun Nayak
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Background discrimination

* Major irreducible backgrounds: ttW, ttZ

* tt+jets, DY also irreducible in some channels

MVA discriminators to separate signals from backgrounds

e Kinematic, angular, and object identification variables of jets and
leptons are used as input to MVA

2lss + 0t,, 2Iss + 11, and 3| + Ot,, channels:
e Multiclass DNN to classify ttH, tH, and backgrounds

e Events categorized based on DNN score and event topology

Other channels:
* No sensitivity to tH process
 BDT used to separate ttH signal from backgrounds

* Event categories based on BDT score

11/09/2020 Arun Nayak
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ttH & tH multilepton: Results

CMS-PAS-HIG-19-008

CMS Preliminary 137 fb' (13 TeV)
U) T T T T I T T T T I T T T T I T T T T I T T T T ] T L=
c [ ]
g - _
L
10°E E
: —-Data :
I ttH (u=i0)
10° W H (=)
- [ ]Background
C Background unc.
j | 1 1 I
3) 1.0 3 -
D | o 0.5 3 ) =
CIU ~ 0.0 . . . .
+— |0 £
© -0.5F
Qb _40E

5 4 33 i - 0
log, (S/B)

Observed significance for ttH production: 4.7 o

Observed significance for tH production: 1.4 o
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CMS Preliminary

137 fb' (13 TeV)

. _ +0.26
Combined | 1=0.92 ° [

_ #0232
2lss + 07, | u=1.01 o

_ +0.43
3l + 07, u=153"""

+0.54
2Iss + tr, | p=062""

+0.51
044

11+ 27, u=0.36

2los + Tr, [ u=049""%

077

Tie (stat) 50.‘1‘37 (syst) }

3+ 1t w=1.52 ;)‘_-9‘4‘
20421, | u=0.002
4l + 07, u=128""%2
0l + 27, u=222°779
1+ 17, =180 _'22-22;’
[NEENI EEEEE REEE!
-3 -2 -1
Best fit w(ttH)
Process  Signal strength
ttH 0.9210%%
tH 5750
ttZ 1.03 +0.14
tt W 1.43 £+ 0.21
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ttH & tH multilepton: Results

CMS-PAS-HIG-19-008

Two-dimensional contour of Interpretation in Kk framework
the likelihood function (in terms of x, and x,))
o CMS Preliminary 137 fo” (13 TeV) £ CMS Preliminary 137 fb”' (13 TeV)
I _IIIIIIIIIIIII llllllllllll — _IIIIITIIlllllllllllll]l]Illlllllllllrlll:
E= 5 = ~J
=3 F pp — tH + tiH = tH + ttH ]
2.5 H— WW/zz/tt I R — Observed
ﬁ 40F «, profiled -~ Expected

-

- ~ -

- -o
-

—
m_
jm_lll'llll|I]lllllllllllll;llllll'llllllllllllll

—
IIIIIIIIllllllllIIIIIIIIIIIIIIIIIll
I”“‘s\
’ \
’
’
'
’
'i
’
’
’
’
s
’
”
\_"
pov ety by b by vy g by i by g
N N
O O
T1 IIII I]llll IllllllllIIIIIIIIIIIIIIIIIIIIIII

0.5 e .- -
Observed 15E
0 — 68% CL region
---95% CL region 10F
—0.5 @ Best fit + SM expected 5F
—1llllllllllllllllIllll]ll]l O'IIIII-I--inllulll..i....,. .
5 0 5 10 15 2 -15 -1 05 0
utH

Best fit consistent with the SM expectation
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H-2>vyy measurements

Recent results on H =yy cross section Stage 1.2 _
measurements using full Run-2 data

pi (200, o)

* Individual production mode signal “ow] [ ]

,)
Strengths 0 m“ [() ia() ’"u [J)() x]
10 m;;
* Measurements in STXS framework Com) ™
:()()
« More details in CMS-PAS-HIG-19-015 . ,,;.3;;;':,,
1500
200

25 oo

imi o — 110 (stat ® syst o -1
Hosyy, 137107 (13 TeV) ) E o Observed ;
[ 1110 (stat) n CE W 5
My = 12538 GeV, p_ = 53% » oo , [ 1 (stat @ syst) 3
B Th.  Exp. Stat. bg = - 103 5917 W o (syst) 7]
10 =1 I 3.2% =
u =3 0 98+0.13 4008 4004 4010 E | I 2872 | I oees 221 . . Uncertainty on SM pred. 3
goH 0010 005 003 -008 = L i P 0a2iE g, il
C 089 g °]
[ 1 ! i 023 o 057 025
0% 007 010 031 'E Hoyy, ly | <25 | I oo | E OISTQ 006 Jlj ozei ] 04 E
[ [ O = 1.15 . : . F Yyl < 2 H 0% | i 0152 | o
VBF - - 031 013 006 028 » i | .
, STXS stage 1.2: minimal | N [
- 10 |
my =125.38 GeV, p_ =85%
31 4005 004 4030 E H Y | ’ ?
by| E—= f 0‘71;?.28 004 00 028 |
i S 14008 7 wo 07 7} E 3
top 027 009 005 025 fe) 3E- l &
o 2E- I 1 =
= E 1 3
P =T4% 103011 Q0T 004 007 T 1 g b b I - i e | : PN MR IR Ul iR _% | l e Bk
Py T'* Y009 005 008 -006 as o : 7 L E
M IR I P I Y U B B B sy iy = =y %y =y iy iy S g f. f.f. 7. ¢ = ® B 8 © = S 8 =
05 1 15 2 25 3 3£ i £ 3 8 & 5 8 858 % % § 2§ £ 3: BN NS
S £ 3 E = S E = oxpooz0 2 2 2 2 > 3 WA B e e Te
Parameter Value : 222333y g e % B E EL L g
8 = 8 ®» © % I r 8 3 3 5 5 8 8
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Constraints on anomalous couplings in H>4/¢ channel

R R R R R R R R R R R R R R R R R R R R R R R R R R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRNN,] CMS Pre/lmlnary 137fb-1(13TeV) AEER
WS Prefminary 1371fb (3 Te
. . . —Observed -~ Expected
e CMS studied CP-violation and anomalous . -
10 ttH(yy) ttH(4l)

couplings of the Higgs boson to vector bosons
and fermions, in H=> 4l channel

— ttH(yy+41)

e Results are interpreted in the EFT framework
(arXiv:1610.07922, arXiv:2002.09888)

* More details in CMS-PAS-HIG-19-009 ;&2

CP g2 + [

sign (—

CMS rreliminary 137 o (13 TeV)

o1 0 -
18 =
) 0.01 J
--... ...... 16 I
| = 14
R
Q0 12
= e -
B o 10
8
6 LV
- 4
0.0 1 [ ... 5
-0.01 0 0.01 0
Cqg
2
ﬁ g_sGa Ga
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Summary

e With accumulation of more data we are slowly moving towards precision studies

of the Higgs boson

* Discussed a few recent measurements by CMS, with full LHC run-2 data.

First evidence of H=>uu decay
CP measurements in H>tr
ttH and tH measurements in multileptons

STXS measurements in H>yy and
anomalous couplings in H>4/

* Looking forward to more precision
measurements in future

— Hoping for something unexpected...

Thank you for your attention

11/09/2020 Arun Nayak
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T, identification

* Hadronic T decay is reconstructed Decay mode Resonance B (%)

using the so called “hadron-plus- Leptonic decays 35.2

strip” (HPS) algorithm T  — € Velg 17.8

* It reconstructs individual T — M Vulz 17.4
decay modes, combining Had_romc (iecays 64.8

charged hadrons and PF e/y - —h VTO 11.5

candidates. T —h” 7TOVTO Pg770)) 25.9

. . T~ > h m'nv; a1(1260 9.5

e asgtonjes dectors L ey, o) o8

T~ — h hth~ 7%; 4.8

DNN-based (DeepTau)

o Other
discriminator
Hadron + Strip Three Hadrons
L E Yy
£y
l L { ok
single !
Hadron /
.I.
n* == e’ a, 2wt
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CP in H=>tt : Results

Visual Interpretation:
* Three most sensitive channels are weighted and combined into a single ®, distribution
* Each NN/BDT score bin is weighted by A x S/(S+B)

2 1'2—_ + Data Bkg __

P H pp + TP + !JP | ]

§S|(ﬂpeven-—(lpoaki| = Bkg. uncert. 7

> - —————¢— —_— _ _

N, CPeven + CPodd Ll - ¢, =0 |

ins o 0.8— ]

-.q—-') - — - (])1:1: = 90 i

._GS'J’ 06— | L— I 1 — I

; = . ! .

Data cI.earIy favours the CP-even N — | ]
scenario & B ? —
CP-odd exclusion at 3.20 = o2p I —
(2.30 expected) X D S
_0'2__ | | | 1 1 1 1 | 1 1 1 1 | | | 1 1 | 1 | | 1 | 1 | | | | 1 1 | ]__
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q)CP (degrees)
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STXS bins
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H-2>vyy measurements

CMS Preliminary 137 b (13 TeV)
u_ I_I LI | LI I LILLEL I LI I LI I L L I LILELIL I LI _25 _l Mc)
N c
- £ 1.4
o m,=125.38 GeV 4
- 200N 13
1.5
- 1.2
e 15 1.1
0.5 1
of- 10 0.9
- Best fit 0.8
—0.51 ¥ Best
B — 68% CL 5 0.7
1: ----------- »95% CL '
E ¢ SM 0.6
Illlllllllll Illlllllllllllll
05 06 07 08 09 1 11 12
Ky
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CMS-PAS-HIG-19-015

CMS Preliminary

137 b (13 TeV)
—25

:]llllllllllllll.lllllllllllllllllll[llllllllllllll: _l
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production and decay topologies of H>4l

11/09/2020 Arun Nayak
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Constraints on anomalous couplings in H=2>4/¢ channel

constraints on the CP-sensitive parameter in

e Resultsin the the H boson couplings to gluons
EFT framework
Parameter Observed Expected
* More details in
CMS-PAS-HIG-19-009 fggH 0. 53+8 Z% (—1,1] 0+1[-1,1]

constraints on the Htt, Hgg, Hff, and HVV coupling parameters in the Higgs
basis of the EFT formalism

Channels Couplin, Observed Expected Observed correlation
pling p
+0 0025 +O 0007
oot Cog 0.0056 0003 0.008415-9007 1
Coq —0. 0058+8 oon 0. 0000+8 0085 +0.980 1
H K 1067018 1001023 1
t 7 0.00+02¢ 0.00+0:80 0.000 1
t Y —-0.72 2+ —-0.80 :
+0.23 +0.26
{6H + ggH K 0.76 0% 1.00152 1
R¢ —0.217045  0.00£0.37 +0.745 1
éc; —0.251527 0.007039 1
+0.10 +0.22
VBE +VH + H — 4¢ C2z 0.037519 0.00757 +0.144 1
C20 —0.03100; 0.00M005 —0.186 —0.847 1
Caz —0.11793% 0.0070%3  +0.077 —0.016 +0.009 1
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