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Higgs properties SMS
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-019/index.html
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« Combine results with Run 1
o Result statistically limited

 Most precise single channel
measurement to date!

CMS Preliminary

HIG-21-019 QM <

(link)

Run 2: 138 fb™ (13 TeV)
Run 1 5.1 fb (7 TeV) + 19.7 b (8 TeV)

= Total Stat. Only
Total (Stat. Only)

ap 124.907;c (0:) Gev
e —_— 124.7077 ():7) Gev
2e2y —— 125.507; (\'2°) GeV
2u2e ——t 12520157 (=) GeV
Run 2 125.047,; ():.) GeV
Run 1 —— 125,607, () GeV
Run 1+ Run 2 125.087;; (\),) GeV

mH = 125.08 +0.10stat £ 0.05syst (GeV)

Savvas Kyriacou

122

Higgs Hunting ‘23

126 128 130
m,, (GeV)


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-019/index.html
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Higgs Width - on-shell measurement in= " — Q¥
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« SM:given m, = [, can be “e\l“ -1 L)
calculated g :
» Measure Higgs width E I E
: : I on-shell I'; (GeV)
- Test of Higgs = SM particles 0.6} E
. 0 osp | 0.0070:9¢[0.00,0.33] :
- Atest/complimentary for o —0.00 ;
H—invisible particles i
0.3F
» Techniques: N
- Using the onshell region 04 ]
(mass pole shape) 01020304 05 06 07 08 09
- Using signal strength in on-shell and off- I', (GeV)
shell production > Convolute
"M _ 21 MeV (DSCB + Laundau) x Breit-Wigner
=41 Me
H > Fit m4l line shape

> measurement limited by detector resolution
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Higgs Width - off-shell method

 Measure Higgs width:
- test of Higgs on-shell vs off-shell

production

- test of Higgs = SM particles

- Atest/complimentary for
H—invisible particles

* Techniques:

- Using the onshell region (mass pole shape)

-2 AlnL

- Using signal strength in on-shell
and off-shell production

" =4.1 MeV

H

Goff -shell
vv—H—47F
xl 'y
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Nat. Phys. 18, 1329-1334 (2022)
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Hi§§§ width - off-shell method

V\e « Analyze Full Run2 H—>4l

« Select events in H—=> ZZ—4| with m4l %0 F Untagged
> 220GeV s ~ Data
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- VBF-tagged | ; 22 H .qq—>4! bkg
- Untagged it 305_+ + +

 Perform template fit and likelihood 201
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90 F
80 F

Events / bin
5 B 8 &

[
o

20 F

CMS preliminary 138 b (13 TeV)

=
o o
T

Untagged
- Data
3 EW—s4l s+b+i
; + gg—4ls+b+i | €
qG—4l bkg f
{ Bz 2]
[ e
E [}
s >
z + w
:._.J_ul-nlllau|111111T*|_|—¢—:41—.—IJ|L|_||1111|

300 400 500 600 700 800 900 100

m,, (GeV)

 Observables:
M4L + 2 discriminants:
« Measurement is statistically limited

* Main uncertainties related to dominant backgrounds
- k-factor uncertainties
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Higgs width - off-shell method

CMS preliminary
\ 20 _1_— T T T T T T
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15—

M Expected

-~ 95% CL

R AR NI W SN SRS TR N (N S

Parameter Observed Expected

poffshell 0641050 10.06,1.69]  1.0055 [0.00,2.80]

pgfbshell 0.62+057 10,03 1.81]  1.00+1% [0.00,2.93]
pdftshell0.697322 [0.00,3.91]  1.00+335 [0.00,7.65]
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CP - AC measurements

« Study Higgs Couplings:

- Uncover CPV in Higgs sector ;
- Uncover BSM phenomena HO /
e Dedicated measurements %

- Targeted analysis

- Dedicated sensitive observables to
specific couplings

- Gen + Full Detector simulation of AC
effects P o |ACP

(Interference effects, acceptance effects+ ) JAR = | X E

« Utilize EFT
sM=Lgy + 7 p S T kW T <_3)
/~ EFT N % " &

Mass eigenstate basis + symmetries -
HEFT

SMEFT Weak eigenstate basis : Warsaw basis
SU(2)xU(1) + ...
- e
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Interference effects important and valuable
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EFT - basis >

Mass eigenstate - Higgs basis

- VV 2 VV 2 vV 2 Approach 1
L e K gy K e K3 (vt qve) D % % PP R
A(HVV) = — '(11 - ) D) mVl€Vl€V2 A
U [Y=? AVV) vV ww _ B 72
( ! (AQ vaw 8 (;U(le—z. “
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0 Qz’ H ’U‘ =Y H QZL((.Q_E) : [ KFE g BT\ = ,2\.(/2ZA1
My - RALEN N e T e e
A(Hff) = — ¥ (% + ERsys) ¥
- Natural choice for Higgs couplings Approach 2: SMEFT .
- Less operators Sut(2)x2L:(1)le:/I cusltodlal sym.
set C (o] vaiue
ww Z7 w
- . 0 =0
Weak eigenstate: Warsaw basis N o7 R custodial sym.
- setc?=1
- More general - used in EW TOP and Higgs sector . ' = ko *W . w
(:‘111711/)2((i "i) - /:ZIZA)Q 255 37 7 e
- SMEFT build in ( SU(2)x U(1) ) o N a2 /y
g ) = B ((\%2 2

- Has many more dim 6 operators
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HVV: H-4l

e 2e2y, 4e, 4u

e 105< m4l < 140 GeV + 6 categories
targeting prod. modes.

e Approach 1 with 4 independent A.C. +
SM

e Simultaneous scan of all AC considered
* Non-zero minima
 SM consistent

Effective fractional xsec:
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d
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052004

HVV: H-4l Cerer (22

CMS ettt el VA1 (S PhysRevD.104.052004
o S e . . SU(2)xU(1) sym. (SMEFT) with
d ---- Expected, fix others :

only 3 independent A.C.

— Observed, float others

e Stringent constraints driven
by production information

---- Expected, float others

s |
c
q 10 e Full Run2
Q|I L] L] ° o
* Minima consistent with SM
_______ e s G CMS 137 fb" (13 TeV)
;;;;;;; b S N —— Observed, fix others
oL ] | [ 1 ae e ey PSSR T LSS I (S (PP (TN, (seetn 102_
-1-0.8-0.6-04-0.2 -0.02 O 0.02 0.204 06 08 1 ---- Expected, fix others
fa3 — Observed, float others
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'o' T ‘\‘ (= : }// }\}V\b | i | | (
: Approach 1 best fit ~ 0.00004 0.00000 : < 10 \
| U fo=far=fad =0 68% CL  [—0.00007,0.00044] [—0.00081,0.00081] : N LY
: 95% CL  [~0.00055,0.00168] [—0.00412,0.00412] : A=)
2 Approach 1 best fit ~ —0.00805 0.00000 : \
A Zy 0 _ = _ " 3 959 CL \
" float faz,fAl,fAl 68% CL  [—0.02656,0.00034] [—0.00086, 0.00086] N e [ 1 | o e e i
"'-4-.'|.'|.'|.\\\\\\“.\\“‘\“QS:.VQ‘C.L"[:\OlQZ.]‘glmQ.'QQQQ.(u‘\\“iigﬂpézahQIQQ&Zzl.‘:-”’ . \\\\ \‘\ //
! Approach2 best fit ~ 0.00005 0.0000 ; - - - 3 -
1 o ' L 1 L 1 PR (ST JEFUSET I RIS PR AP P I Al [
: ﬂoat fanfAl 68 () CL [—000010, 000061] [—00012, 00012} . 91 -0.8-0.6-0.4-0.2 -0.02 0 0.02 02 04 06 08 1
e 9% CL[£0.00072,0,00218] =0.0057,0.0057| .

f
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052004

HVV: H- 4l “ever UG

1CMS 137 o' (13 TeV) 1cMS 137 b (13 TeV) 50
: ' - X SM
[ + best fit |
I [ —————— . 58% CL|
0-5' 05 i — Y907 L:L_ -
N 0 I E /'u‘ = \‘.
5 E —104 zoﬁ Oi K |
B, o ] = F
05} o —0.5:
E —14 /
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SCZ C,,
Translated to Warsaw basis:

Channels Coupling Observed Channels Coupling Observed Expected
0.43 0.75
Cz —VU.Y9_ 95 CHD ~0.737957  0.0011%
+0.11 +0.18 +0.39
C,0 —0.027503 # VBF &VH & H —4¢  caws 0015070 0.0005
» +0.30 CHB 0.007992 0,000
Czz 01155 097 Lt
CHWE —0.25f8§;Z o.oof%%%
CHB —0.0671,  0.00%55;
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052004

Off-shell studies in H—>4l| +212v
>H'O< Nat. Phys. 18, 1329-1334 (2022)

 Use same formalism as on-shell H—=>4| AC analysis
« M4l > 220 GeV (2e2y, 4e, 41)

e Design categories targeting ggF + EW production of
the Higgs

» Use ME based observables + m4l
 Consider 1 AC at a time

e Constrain Higgs width + AC

« Combine with H—> ZZ— 2I2v

Savvas Kyriacou Higgs Hunting ‘23
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https://www.nature.com/articles/s41567-022-01682-0

HVV: H-tt + H=4l

CMS 138 b’ (13 TeV)
_ SRS RARAS RERRN LAY RALRE RAREN RARRE RERRS
. = 29:_ Approach 1, 11 .
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Combine results with H4l

CMS 138 fb™' (13 TeV)
2[]_ III| TTTT T III|I III|II II|II TT |III I|IIII_
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18 —— Observed -
BB N T Expected 3
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032013

Yukawa ttH : H= tt CMS el
B \\
1 e JHEP06(2022)012
Ly = —7H(KTTT +-3c,€’rzfy5'r)
CNS Simuiation . 13TeV
dr 71.2 2 L -— cP :1‘?;" - CP odd ]
dp (H—=1t"t7) ~1—b(E")b(E )ECOS((PCP — 2HTT) o T e : ]
CP =es ot 7
0.08- *
Full Run2 data 0%
Decay vertex probed 004~
Use decays to tt pair to measure CP odd/ 002 S
even mixing in Htt Y= RN 7 ¥ ) S T ‘ | posecer
Use ~7O% Of T BR: 1.75 é—: glggt fit : gggzﬁ g%—% g ’ ” e e 240¢m(3;:gree§)60
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ThTh TuTh+ leTh 150 £ 113 E T D e 17
1.25 = i L * SM - 95.52/0 CL ]
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1.00 et : é .
0.75 10 o8 R %‘3
4 reconstruction methods of @, esof TTESSEIEEESSSTTS B i i Bl
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a7 (degrees) - B 7
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https://link.springer.com/article/10.1007/JHEP06(2022)012

Hgg : using ggF in 4l,yy,tTtCMS "o~ —

CMS Preliminary 138 6™ (13 TeV) CMS Preliminary 138 b7 (13 TeV) CMS Preliminary 138 fb™ (13 TeV) Phys ReVD 108 03201 3
- WOy 0 1 ] WO T T ¢ ‘
S o w e dl 1 of Tl E wedleyy PhysRevD.104.052004
< —— Observed 3 Observed H i Observed
C\Il 8 Expected 1 8 ; ------ Expected ‘.'; 8 3 ------ Expected
7t 1 7k (%, &) profiled ; 7 ; (x,, %) profiled ngl—l
of 6l 6 & E%H = T
g = B H H-
5F 5F 5F Pgﬁ + Ps8
: afp s\ feswel\ af
= : 1
3N | e 3f Cou = — ggg
g g8 2mag
2 2F
g 1 1 1f Fo—= 1 158
0:\\\|II\‘\II|\\I|\\\'T‘“‘ \II‘\\I'I\\‘II\: EI F gg 2”“ 3
-1 -0.8-06-04-02 0 0.2 04 0608 1 O j 0 . 0.02 S
fagH . <
a3 ~ 99 Cag
Combination of H—=4l, tH &ttH &ggH  (ttH tH from: H=4I H-vyy)
137 fo (13 TeV) 0 10
H-tt, Hovy Parameter Scenario 68% CL / (10~2) o <
0.2 <
FULL RUN2 . Profileq  CPerved —0.11+522 U[—1.85, —1.42] g
. ., i Expected  0.007018 U[—1.91, —1.48] 7
Measure CP sensitive fa3seH and - ber .y Observed 0.00-L1.29 3’
o r o
Use events in VBF2J to study ggH i Expected 0.00+1.15 T 5
category _ Observed —0.08"%47 U[—1.65, —1.54] i
. . Cgg Fixed [0.06 | |[_ .
4 couplings fit simultaneously: Expected  0.0075% U[—1.73, —1.50] i
) . FO.2B | [
Constrain ktop measured from the .y Fixeq Oveerved 022755 U[—0.50,0.00] 001 1
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032013
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HEM
Yukawa ttH : ttH(ggH) H->41/yy/Tc/WW et ‘i':"

B PhysRevD. 108 032013
L M e B (3 TeY) S JHEP07(2023)092
= 14: ey i CMS 138 fb" (13 TeV)
N - — Obeerved SUSE RS Multiepon |
h 12F —— Expected E[C]H - yyzz ]
. E_ o 1; [CIH — Multilepton/yy/ZZ B
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6F - .
r o =
gposec N A4 C ]
2:_ 05 -
reec, v | o/ 7 [ 368% CL ]
N TR AT _f——95%CL E
-1 08-06-04-02 0 02 04 06 08 1 o gﬁnsm:aected .
Hit C ]
fep \ B e E TS R 5
K
« Measure f* in prOdUCtlon CMS 137167 (13 TeV) e 10 |
« Combine <
-H- 4l §
-H->tt  + Also multi- lepton(tt/WW) +ZZ+yy . A
- H-vyy X

Combine measurements with uncorrelated ps
Interpret as top couplings

A(Hff) = ——'Pf (% +1Kf’Y5) (7

‘‘‘‘‘

- N W OO0 O N ©© ©
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https://link.springer.com/article/10.1007/JHEP07(2023)092
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032013

Summary

e New Full Run2 Mass + width results from
CMS in H—>4

« H—>4l mass measurement most precise in
a single channel

mH = 125.08 +0.12 (GeV)

uncert < 0.1% !

 A.C. measured within EFT framework
« Combinations with multiple final states
e CPV well constrained

> New AC results tomorrow by Angela!
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CMS Preliminary
Run 2: 138 fb™ (13 Tev) — Total Stat. Only
Run 1 5.1 fb™? (7 TeV) + 19.7 tb? (8 TeV)
Total (Stat. Only)

au et 1249077 () GeV

de e—— 124.707757 (V) GeV

2e2y — 125,507 ((77) Gev

2u2e —— 125.20757 () Gev

Run 2 et 125.0455; () GeV

Run 1 ——  125.607; () GeV

Run1+Run2 ? 125.0855; (;7,,) GeV

1 I 1 1 1 ‘ L 1 Il | L 1 Il | L 1 Il |
122 124 126 128 130
m,, (GeV)

Parameter Observed
my; (GeV) 125.08 + 0.12

on-shell Ty (GeV)  0.0073:% [0.00,0.33]
off-shell [y (MeV) 29722 [0.3,7.9]
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Mass VTX constraint

CMS Simulstion Preliminary

13 TeV
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120 125
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