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Overview

Higgs boson discovery was announced on the 4th of July 2012.

Since then, much effort has been put into determining its
properties
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Overview

Higgs boson discovery was announced on the 4th of July 2012.

Since then, much effort has been put into determining its
properties

The Higgs boson mass is one of the most important free parameters of
the Standard Model.

It Is crucial to properly determine its value since it could be used to put

constraint on all the others Higgs boson properties (e.g cross section,
branching ratio)
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Overview

Higgs boson discovery was announced on the 4th of July 2012.

Since then, much effort has been put into determining |ts
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1. Higgs boson mass -

Higgs boson mass measurement is performed using H—+ZZ*—4£ and
H—vyy, thanks to their mass resolution (1-2%) and complete
reconstruction of the final state.
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reconstruction of the final state.
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1. Higgs boson mass

Higgs boson mass measurement is performed using H—+ZZ*—4£ and
H—vyy, thanks to their mass resolution (1-2%) and complete
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http://cds.cern.ch/record/2871702

1. Higgs boson mass

Higgs boson mass measurement is performed using H—+ZZ*—4£ and
H—vyy, thanks to their mass resolution (1-2%) and complete
reconstruction of the final state.
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1. Higgs boson mass

Higgs boson mass measurement is performed using H—+ZZ*—4£ and
H—vyy, thanks to their mass resolution (1-2%) and complete

reconstruction of the final state.
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1. Higgs boson mass -

Higgs boson mass measurement is performed using H—+ZZ*—4£ and
H—vyy, thanks to their mass resolution (1-2%) and complete
reconstruction of the final state.
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1. Higgs boson mass

Higgs boson mass measurement is performed using H—+ZZ*—4£ and
H—vyy, thanks to their mass resolution (1-2%) and complete
reconstruction of the final state.
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arXiv:2308.07216

1. Higgs boson mass =

Higgs boson mass measurement is performed using H—+ZZ*—4£ and
H—vyy, thanks to their mass resolution (1-2%) and complete

reconstruction of the final state.

L L | |
ATLAS e+ Total Stat. only | Combination
Run1: /s =7-8 TeV, 25 fb~!, Run 2: /s = 13 TeV, 140 fb!
Total (Stat. only)
Run1 H — v . 126.02 + 0.51 (+ 0.43) GeV
Run1 4 — 4/ I ® | 124.51 + 0.52 (+ 0.52) GeV
Run2 H — vy el 125.17 + 0.14 (+ 0.11) GeV
Run?2 H — 4¢ |—o—|| 124.99 + 0.19 (+ 0.18) GeV
Run 142 H — v 125.22 + 0.14 (+ 0.11) GeV
Run1+2 H — 4¢ 124.94 + 0.18 (+ 0.17) GeV
Run 1 Combined I ® 125.38 + 0.41 (+ 0.37) GeV
Run 2 Combined I—OI—I 125.10 + 0.11 (+ 0.09) GeV
Run 1+2 Combined I—l—l 125.11 +£ 0.11 (+ 0.09) GeV
I I L | ! | T I
123 124 125 126 127 128
my [GeV]

my = 125.11 £0.11 [£0.09(star) = 0.06(syst)] GeV
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1. Higgs boson mass =

Higgs boson mass measurement is performed using H—+ZZ*—4£ and

H—vyy, thanks to their mass resolution (1-2%) and complete
reconstruction of the final state.

CMS 35.9 b (13 TeV)
> ST L R I AL BN B IR
8 30000 — H=>vy All categories —
ST . Data ; Most CMS recent result
€ 25000 — S+B fit = : -
q>_) E ...... B component . On nggs maSS [36 fb 1]
L 20000 1o —
15000?— =20 - Source Contribution (GeV)
- 1 Electron energy scale and resolution corrections 0.10
10000 H- YV 7 Residual pr dependence of the photon energy scale 0.11
5000 - 1 Modelling of the material budget 0.03
- Nonuniformity of the light collection 0.11
Total systematic uncertainty 0.18
Statistical uncertainty 0.18
Total uncertainty 0.26
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1. Higgs boson mass =

Higgs boson mass measurement is performed using H—+ZZ*—4£ and

H—vyy, thanks to their mass resolution (1-2%) and complete
reconstruction of the final state.

CMS 35.9 b (13 TeV)
""" L B L L B B L B
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ST . Data ; Most CMS recent result
T 25000 — S+B fit = : -
L?>_IJ E ...... B component . On H Iggs maSS [36 fb 1]
20000 F- B sio =
15000 [ =20 - Source Contribution (GeV)
- 1 Electron energy scale and resolution corrections 0.10
10000 H- YV 7 Residual pr dependence of the photon energy scale 0.11
5000 - 1 Modelling of the material budget 0.03
- Nonuniformity of the light collection 0.11

Total systematic uncertainty 0.18
Statistical uncertainty 0.18
Total uncertainty 0.26
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1. Higgs boson mass =

Higgs boson mass measurement is performed using H—+ZZ*—4£ and
H—vyy, thanks to their mass resolution (1-2%) and complete
reconstruction of the final state.

CMS
Run 1: 5.1 fb™ (7 TeV) + 19.7 fb™' (8 TeV) — Total Stat. Only
2016:35.9 fb™ (13 TeV)
Total (Stat. Only)
Run 1 H—yy — 124.70 = 0.34 ( = 0.31) GeV
Run 1 H— ZZ— 4i e 125.59 + 0.46 ( = 0.42) GeV
Run 1 Combined —_—— 125.07 = 0.28 ( = 0.26) GeV
2016 H—yy et 125.78 = 0.26 ( = 0.18) GeV
2016 H— ZZ— 4l ———t 125.26 = 0.21 ( = 0.19) GeV
2016 Combined ——t 125.46 + 0.16 ( = 0.13) GeV
Run 1 + 2016 --i-l 125.38 + 0.14 ( £ 0.11) GeV
II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II
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my = 125.38 £ 0.14 [£0.11(star) = 0.08(syst)] GeV
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2. Higgs boson width =

Predicted precisely within the SM: 4.07 MeV*
Differences with this value could be hints of modifications of the H
boson couplings to the SM particles and/or a test for invisible

decays

Due to its small value, difficulties in directly measuring it.
Measured in the H—ZZ channel, full Run 2 data, comparing on-shell
and off-shell production, in different decay channels

y) 2
gon-shell N S ggHSHZZ
2 2
off-shell 8ggHSHZZ

Ugg sH* 27 ™ (2mz)?

CMS
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2. Higgs boson width =

Difficulties in directly measuring the width (4.07 MeV*) due to
detector resolution.

Measured in the H—ZZ channel, full Run 2 data, comparing on-shell
and off-shell production, in different decay channels
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2. Higgs boson width

Difficulties in directly measuring the width (4.07 MeV*) due to
detector resolution.

Measured in the H—ZZ channel, full Run 2 data, comparing on-shell
and off-shell production, in different decay channels
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3. Higgs boson CP

Looking for anomalous Higgs boson couplings to vector bosons
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3. Higgs boson CP

Looking for anomalous Higgs boson couplings to vector bosons

A(HVV VA KYVq% + K;,Vq% 2 k% VV x(1) *(2)uv
( ) ~ |4 Vv 2 my€yi€va +4a, fu'f
(AY)

SM coupling

CP odd - AC

(the only no-zero term)
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3. Higgs boson CP =

Looking for anomalous Higgs boson couplings to vector bosons
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3. Higgs boson CP

Looking for anomalous Higgs boson couplings to vector bosons
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.072003

3. Higgs

boson CP

Looking for anomalous Higgs boson couplings to vector bosons
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3. Higgs boson CP

Looking for anomalous Higgs boson couplings to fermions

my _ L
P (x, + iysK; )P H

Loty = —
ttH D
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3. Higgs boson CP

Looking for anomalous Higgs boson couplings to fermions
my _ [~
L = - P AFH
CP even Yukawa CP odd Yukawa
Coupling (SM) Coupling
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3. Higgs boson CP

Looking for anomalous Higgs boson couplings to fermions

m,
Ly = l/’t(’ct + iysK, )P H

H —> bb _ Ccms 138 b (13 TeV)
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e B _
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https://doi.org/10.1007/JHEP07(2023)092
https://doi.org/10.48550/arXiv.2303.05974

Conclusion

Higgs boson properties, measured by the ATLAS and CMS
collaborations have been presented.

The Higgs boson mass, free parameter of the SM, is known with
a precision of the order to 0.1%
e ATLAS Dbest results (from full Run 2 combination): mnp =

125.11+0.11 MeV
e CMS best results (from HZZ full Run 2): my = 125.08+0.12 MeV

The best width measurement is extracted comparing on-shell

with off-shell decay region:
e ATLAS (4|_ +2L2V): — 45133 MoV

. : —2.5
CMS (4L only): FH — 2923 Mev

No indication of anomalous couplings with fermions or vector
bosons.
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1. Higgs boson mass =

Higgs boson mass measurement is performed using H—+ZZ*—4£ and
H—vyy, thanks to their mass resolution (1-2%) and complete
reconstruction of the final state.

> B [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ ]
((b] B ® Data i
0] i ATLAS* Higgs boson (125 GeV) - ATLAS —e— Total
120~H — ZZ* — 4l ’ — H— 77* — 4| Stat. Only
Al [ /s A . zz i @ Sys. Only
- - Vs=13TeV,1391b XX, VWV i Vs=13 TeV, 139 fb™
..9 B , B Zijets, i — L _
L % , . ]
§ 100¢ % 777 Uncertainty i 4e o 12451+ 0.73 (= 0.73 Stat.)
Ll i f ] - _
80~ o 2u2e & 112533 +050 (= 0.49 Stat.
60— % % HoZZ*—428 ] 2e2u —e— 125.01+0.29 (= 0.29 Stat.
40 :— + _: 4u —— 124.93 = 0.29 (= 0.28 Stat.)
: ] Z + i Combined —— 124.99 = 0.19 (= 0.18 Stat.)
20 — 4 I Lot _
X Run1 +2 —— 124.94 + 0.18 (+ 0.17 Stat.)
O ||||l|||||
110 120 130 140 150 160 123 124 125 126 127
m,, [GeV] m, [GeV]
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1. Higgs boson mass =

Higgs boson mass measurement is performed using H—+ZZ*—4£ and

H—vyy, thanks to their mass resolution (1-2%) and complete
reconstruction of the final state.

Most ATLAS recent result on

_II|IIII|IIIIIIII|IIII|IIII
- ATLAS ¢ Dawa

=
) |
HI m 1 f A @) " H s 77 s 4 Higigs boson (125 GeV) -
995 aSS[ 391b ] §120: Vs =13 TeV, 139 fb™ -tzxzx,vw 2
* Signal-background £ 100" , el
discrimination enhanced o T ]
employing a NN (Dxn) 2F HoZZ*—48 -
* Event-level ms resolution o0r % % B
estimated using a QRNN 40
e Signal parametrisation improved ool
profits of the new discriminant -

Dnn 0710 120 130 140 150 160

m,, [GeV]

my = 124.99 £ 0.19 [£0.18(star) = 0.04(syst)] GeV
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1. Higgs boson mass

Higgs boson mass measurement is performed using H—+ZZ*—4£ and
H—vyy, thanks to their mass resolution (1-2%) and complete
reconstruction of the final state.

. M 859’13 Tev)  Most CMS recent result on Higgs

@300002—'4%W Al categories 1 mass [36 fb-1]

n R ¢ Data .

T 25000 —— S+B it = : - :

SN scomponent {1 ® ENergy calibration profits of
= : multivariate regression technique

: H—-yy 1 * Residual differences between data
s000f ; and MC corrected with an ad-hoc
: multi-step method

 Event classification performed
according to the production mode,
] mass resolution and the predicted
100 110 120 130 140 150 160 170 180 . .
m,, (GeV) signal-to-background ratio

my = 125.778 £0.26 [+£0.18(statr) = 0.18(syst)] GeV

CMS
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1. Main systematic uncertainties

Electron energy scale and
resolution
e Zee calibration: 59 MeV 0.05-0.3% —> 100 MeV

* Residual pT dependence of the
energy scale correction

_ of __
 Non-uniformity of the light 0.075-0.15% —>110 MeV

collection: 30 MeV * Non-uniformity of the light
collection
0.16-0.45% —> 110 MeV

* 4-lepton mass scale
0.03 - 0.15% (different for

e E1 correction: 44 MeV

e muon momentum scale

28 MeV
H—o/ZZ*—4 2 © different final state)
 electron energy scale .
19 MeV * 4-lepton mass resolution
3-10%
| | | INFN =
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2. Higgs boson width

Difficulties in directly measuring the width (4.07 MeV*) due to

detector resolution.

Measured in the H—ZZ channel, full Run 2 data, comparing on-shell
and off-shell production, in different decay channels

CMS

<138 fb' (13 TeV)

% [T T TT | T T T | T T T | T T T | L | T T T | L | T T T | L 4
_% | .. | II|IIII|IIII
= [ ATLAS Preliminarv - Obs Stat. 68% CL.
i . - ATLAS Preliminary - esstat. 850 . 2 Aln L =599
- HY > ZZ > dlsllvy T GG | '
2 L 13 TeV, 139 b + Qo BestH 3
< 4 ~
N - 2.5
o =
« - 2
— B G
Z 3 . 5 > 2
(@) =
) 1.5
257 RSN B
E 1
I 0.5
1 ' ~
u | 0 T
L ] o 05 1 15 2 25 3
O _;TT=|-|-|__|_|_|_|__|_|_|_|-_|_|=|=|— |||||||||| Lo ol |_ MOff-She”
F
O 05 1 15 2 25 3 35 4 45
MQQF | | | |
off-shell 0O 2 4 6 8 10 12 14 16 18
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2. Higgs boson width

Difficulties in directly measuring the width (4.07 MeV*) due to
detector resolution.

Measured in the H—ZZ channel, full Run 2 data, comparing on-shell
and off-shell production, in different decay channels

2 IIII|IIII|IIII|IIII|IIII|IIII|IIII|I CMS S138fb-1(13TeV)
— — I I I I | I I I I I I I I | I I I I
~ L T Obs-Stat. only . - - N
§ - ATLAS Preliminary T Cbesys ] 14 — Ri)/,Fshellz.I ,
. 20_— H* = Z2Z — 4l+llvv - Exp-Stat. only 7 - Roff-shell (u) i
- 13 TeV, 139 b — Bxp-Sys - 121~ V.F -
| Obs-Stat. only: 11i82 Exp-Stat. only: 1.0ig:; 7 - -
1 5_Obs-Sys: 1.1i8:2 Exp-Sys: 1.0ig:2 ) __ 10 [ Observed ]
! "' 1 - Expected /]
3 < ]
10 la\ i
, 7 95% CL |
68% CL 1
| | | | | | i
3 4
M t-shell uoff-shel
off—shell __ , off—shell off—shell
Ry =ny /W
. . . IN&AN CMS
F. Errico, 20th Workshop of the LHC Higgs Working Group arrmnarevan ATLAS



nggs boson couplings

........ A LAAARS RARAS RASRE RARRSE RARLS MRS
Kz T?F*
I o . ATLASRun? |
Kw -
K . _:_ Leptons Quarks
i v, ] v] Jl_lll
Kp| -t \-- [ s [
B Force carriers Higgs boson |
KT r =i~ - H
K‘,U R R R R -—.—' ————————— 1
Kg " —e— B, ,=8B,=0
S -m- B, free,B, 20, k, <1
K}' e —— SM prediction
' ' Parameter value not allowed
KZ}' ,.‘:.. _____________ .,...... __________
....l a2 o o o1 4 2 .9 I....l....l....l....l....l....l
0.8 1 1.2 1.4 1.6
68% CL interval
I -
Binv. """""""""""""" 1
I e " .
0 0.05 0.1 0.15 0.2

95% CL limit

CMS 138 o' (13 TeV)
® (Observed +1 SD (stat)
== 1 SD (stat @ syst) +1 SD (syst)
— +2 SDs (stat @ syst)
— | Stat Syst
Kw —§— 1.02:008 :0.05 =0.05
K- —@— 1.04:007 +0.05 =+0.05
Ky —— 1.10:0.08 006 +0.05
Kg —— 0.92:0.08 =0.05 +0.06
Ky —@— 1 _01i8:1(1) +0.07  +0.08
Ky — s 0.997017 w012 1072
K¢ —— 0.92:008 =006 =0.06
+0.2 +0.
Ky ——— S —— 1.1 2_8_2; _8_;2 =0.09
+0.34 4031  +0.14
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2. Higgs boson width

Difficulties in directly measuring the width (4.07 MeV*) due to
detector resolution.

Measured in the H—ZZ channel, full Run 2 data, comparing on-shell
and off-shell production, in different decay channels

4Ieptons 138 fb' (13 TeV)

g _IIII|IIII|IIII| IIIIIIIIIIII |IIII|IIII|IIII_ 6CMSPrellmlnary 20
= - ATLAS = - Obs Stat. -2InA=2.30 | LU B
50 5 i l,'s — Obi Steau. 2In=5.99 ]
fl* 77 < Alilkog e Obs. -2InA=2.30 18
K —— Obs. -2IN\=5.99 ]
+ Obs Best Fit i 5
B x SM 16
4 - —
i — 14
I~ 4 ..................................................................................................................................
— —12 1
2 k=
b 3 — 10
© > . <
=. - Al
18
-+ 6
‘ —
W
0 | 1 | | | | | -'T"-I-— | —-r | | | 1 . 1 | | | 1 1 1 | .O
0 0.5 1 1.5 2 2.5 3

off-shell
M otrshel He
| | | INFN 0
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2. Higgs boson width =

Difficulties in directly measuring the width (4.07 MeV*) due to
detector resolution.

Measured in the H—ZZ channel, full Run 2 data, comparing on-shell
and off-shell production, in different decay channels

CMS <14o fb (13 TeV)
— IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_ I I I [ I
‘(é' 2O;_ATLAS — - Obs-Stat. only 3 14 — 2I2v+4| off-shell + 4I on-shell —
N 18F H* = 77 - dlslivy T ooy | — 212v off-shell + 41 on-shell
1 6_— 13 TeV, 139 fb1 —— Exp-Sys E 12 — 4l off-shell + 41 on-shell -
~ Obs-Stat. onIy 1 1 Exp-Stat. onIy 1 0_ 09 : B
14_ObS -Sys: 1. 1 > Exp-Sys: 1 0 . _: 10__ Observed ]
12_ Expected
=
10_ =
8 o\
6
Plas
2r.
O 111 |
O 05 1 15 2 25 3 35 4
MOff shell (MGV)
[y =452 MeV @68%C . L. | 32f§;*MeV@68%C L.

CMS/
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Higgs boson couplings

Higgs boson production modes Higgs boson decay channels
g) h)
\% f
Rv Kf
H----- H-----
\% f
. .
: 7,2 ) 7,2
W t,b
KW, Kt,b
H- - - W H-- - t,b
W% t,b
Y Y

Higgs boson pair production

k) ) m) o)
g 000 , H g 00000 —@ — — — H q
t,b // t,b Kt,b
H /
t,b - — @Kx t,b t,b
Kt,b \
\
t,b N t,b Kt,b
g o000 “H g ovoooo—@ — — — H q
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Higgs boson couplings
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Higgs boson couplings
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Higgs boson couplings

k. < 5.7 @95 CL

(k, < 7.6 @95 CL)
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Higgs boson couplings
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Higgs boson couplings
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Higgs boson couplings
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3. Higgs boson CP
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3. Higgs boson CP

Looking for anomalous Higgs boson couplings to vector bosons
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3. Higgs boson CP

Looking for anomalous Higgs boson couplings to fermions
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