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ATLAS and CMS experiments at the LHC
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CMS 2010, 7 TeV, 45.0 pb⁻¹
2011, 7 TeV, 6.1 fb⁻¹
2012, 8 TeV, 23.3 fb⁻¹
2015, 13 TeV, 4.3 fb⁻¹
2016, 13 TeV, 41.6 fb⁻¹
2017, 13 TeV, 49.8 fb⁻¹
2018, 13 TeV, 67.9 fb⁻¹
2022, 13.6 TeV, 41.5 fb⁻¹
2023, 13.6 TeV, 31.9 fb⁻¹

• LHC Run 2 √𝑠 = 13TeV ∼56 000 Higgs bosons
produced per fb−1

• 𝒪(0.1%) selected for physics analyses (trigger,
reconstruction, identification inefficiency,…)

• HL-LHC→ 3000 fb−1 of data √𝑠 = 14TeV

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000 A

PRESHOWER
Silicon strips ~16 m2 ~137,000 channels

SILICON TRACKERS

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

STEEL RETURN YOKE
12,500 tonnes

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

CRYSTAL 
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO4 crystals

Total weight
Overall diameter
Overall length
Magnetic field

: 14,000 tonnes
: 15.0 m
: 28.7 m
: 3.8 T

CMS DETECTOR

Pixel (100x150 μm2) ~1.9 m2 ~124M channels
Microstrips (80–180 μm) ~200 m2 ~9.6M channels
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Single Higgs boson production
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Higgs boson mass measurement: 𝑯 → 𝜸𝜸

118 120 122 124 126 128 130 132

 [GeV]γγm

0

0.02
0.04
0.06
0.08

0.1
0.12
0.14
0.16
0.18

0.2
0.22

 / 
0.

5 
G

eV
γγ

1/
N

 d
N

/d
m

γγ

Tt
U-type, Central Barrel, High p

MC Signal Model

C-type, Endcap

MC Signal Model

 SimulationATLAS
 = 13 TeVs

 = 125 GeV
H

, mγγ→H

110 120 130 140 150 160
 [GeV]γγm

0

200

400

600

800

1000

1200

1400

1600

1800

S
um

 o
f W

ei
gh

ts
 / 

1 
G

eV

Data

Background

Signal + Background

ATLAS
-1=13 TeV, 140 fbs

γγ →H 
All categories

ln(1+ ) weighted sumobs
90/Bobs

90S

123 124 125 126 127 128 129

 [GeV]Hm

Total Stat. Syst.ATLAS

 Total    Stat.    Syst.

γγ→H Run 1  0.27) GeV± 0.43 ± 0.51 (±126.02 

 Run 1ATLAS + CMS
4l→ZZ*→H, γγ→H

 0.11) GeV± 0.21 ± 0.24 (±125.09 

γγ→H Run 2  0.09) GeV± 0.11 ± 0.14 (±125.17 

γγ→H Run 1 + Run 2  0.09) GeV± 0.11 ± 0.14 (±125.22 

[Phys.Lett.B
847

(2023)138315]
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Higgs boson mass measurement: 𝑯 → 𝒁𝒁∗ → 𝟒𝒍
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Total (Stat. Only)

 (13 TeV)-1: 138 fbRun 2
 (8 TeV)-1 (7 TeV) + 19.7 fb-1: 5.1 fbRun 1

µ4 ) GeV
-0.14
+0.14 (-0.15

+0.15124.90

4e ) GeV
-0.47
+0.49 (-0.51

+0.53124.70
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[C
M
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S-H
IG
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Current best Higgs boson mass measurement
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ATLAS
Run 1:

√
s = 7-8 TeV, 25 fb−1, Run 2:

√
s = 13 TeV, 140 fb−1

Total Stat. only Combination

Total (Stat. only)

Run 1 H → γγ 126.02 ± 0.51 (± 0.43) GeV

Run 2 H → γγ 125.17 ± 0.14 (± 0.11) GeV

Run 1+2 H → γγ 125.22 ± 0.14 (± 0.11) GeV

Run 1 H → 4` 124.51 ± 0.52 (± 0.52) GeV

Run 2 H → 4` 124.99 ± 0.19 (± 0.18) GeV

Run 1+2 H → 4` 124.94 ± 0.18 (± 0.17) GeV

Run 1 Combined 125.38 ± 0.41 (± 0.37) GeV

Run 2 Combined 125.10 ± 0.11 (± 0.09) GeV

Run 1+2 Combined 125.11 ± 0.11 (± 0.09) GeV

[Phys.Rev.Lett.131
(2023)251802]
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Higgs boson width

• Width precisely predicted within SM:
4.07MeV [R.L. Workman et al. (Particle
Data Group), Prog. Theor. Exp. Phys.
2022, 083C01 (2022)]

• Small value→ difficult to measure
• Measure in 𝐻 → 𝑍𝑍 compare on- and
off-shell production:

𝜎on-shell𝑔𝑔→𝐻→𝑍𝑍∗ ∼
𝑔2𝑔𝑔𝐻𝑔

2
𝐻𝑍𝑍

𝑚𝐻𝛤𝐻

𝜎off-shell𝑔𝑔→𝐻∗→𝑍𝑍 ∼
𝑔2𝑔𝑔𝐻𝑔

2
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[N
at.Phys.18

(2022)1329]
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Higgs boson width
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Cross-section and coupling modifiers
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Cross-section and coupling modifiers
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Higgs boson pair-production

Non-resonant production:

Resonant production:

bb WW ττ ZZ γγ

bb 34%

WW 25% 4.6%

ττ 7.3% 2.7% 0.39%

ZZ 3.1% 1.1% 0.33% 0.069%

γγ 0.26% 0.10% 0.028% 0.012% 0.0005%

𝜎SM𝑔𝑔𝐹+𝑉𝐵𝐹 = 32.78 fb
→ ATLAS+CMS ∼9000 HH events @

√𝑠 = 13TeV
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Non-resonant overview results
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New non-resonant results
CMS 𝑯𝑯 → 𝜸𝜸𝝉𝝉 & ATLAS 𝑯𝑯 →multilepton

0

1

2

3

4

5

6

7

8

9

E
ve

nt
s 

/ 2
 G

eV

Data B model

B + H B + H + HH

68% expected 95% expected

Preliminary CMS  (13 TeV)-1138 fb

ττγγ → HH → 366
(0)

X

Cat 0

100 110 120 130 140 150 160 170 180

 [GeV]γγm

2−

0

2

4

6

8
B component subtracted

𝛾𝛾𝜏𝜏: 𝜇𝐻𝐻 < 33(26)@ 95% CL
0 50 100 150 200

95% CL upper limit on HH signal strength HH

Combined

Combined + ML

Combined ML

+
+

+ 2( , )
+ 2

2 + 2
2 SC+

2 SC
3

4 + bb

ATLAS  Preliminary

s = 13 TeV, 140 fb 1

SM
ggF + VBF(HH) = 32.7 fb

18 11

45 21

14 14

114 60

51 30

53 41

44 45

41 37

83 65

33 42

21 32

40 36
Obs.

Exp. 
( HH = 0)

Observed
Expected ( HH = 0)
Expected ( HH = 1)

±1
±2

[C
M
S-
PA
S-
H
IG
-2
2-
01
2]

[A
TLA

S-C
O
N
F-2024-005]

8th April 2024 JulianWollrath: Highlights and Prospects on Higgs Physics at the (HL-)LHC 13 / 21



Non-resonant overview projections
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Coupling modifier constraints: self-coupling
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Coupling modifier constraints: two vector bosons

2− 1− 0 1 2 3 4
2Vκ

1

10

210

310

 H
H 

(in
cl.

)) 
/ f

b
→

(p
p 

σ
95

%
 C

L 
lim

it 
on

 

Excluded Excluded

Observed          Median expected
Theory prediction 68% expected    
                       95% expected    

CMS 

 = 1Vκ = tκ = λκ

 (13 TeV)-1138 fb

2 1 0 1 2 3 4
2V

100

101

102

103

VB
F(

H
H

)[f
b] ATLAS  

s = 13 TeV, 126 139 fb 1

HH bb + + bb + bbbb

Observed limit (95% CL)
Expected limit (95% CL)
( HH = 0 hypothesis)
Expected limit ±1
Expected limit ±2
Theory prediction
SM prediction

bb
bb +

bbbb
Combined

H

H

q q

q q

V

V

κ2V

[N
at
ur
e
60
7
(2
02
2)
60
-6
8]

[Phys.Lett.B
843

(2023)137745]

8th April 2024 JulianWollrath: Highlights and Prospects on Higgs Physics at the (HL-)LHC 16 / 21



New coupling modifier constraints
VBF 𝑯𝑯 → 𝟒𝒃 boosted
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New coupling modifier constraints
VBF 𝑯𝑯 → 𝟒𝒃 boosted
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Higgs boson self-coupling projections
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Resonant Higgs boson pair-production
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Conclusion

• Mass and width measured
• Couplings to bosons, third generations fermions & quarks observed, second generation
quarks (i. e. charm)→ HL-LHC

• Not mentioned: STXS
• HH production getting in reach with Run 3
• Modifiers for self-coupling and coupling to vector bosons getting constrained
• So far: everything consistent with the SM
• Not mentioned but also performed: other resonant 𝐻𝐻-like searches
• Not mentioned but also performed: EFT interpretations
• Next: also target triple Higgs boson production:

• Run 2 + Run 3: 𝜇𝐻𝐻𝐻 < 50@ 95% CL?
• allows to better constrain 𝜅4
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Multiple Higgs boson production

• Multiple Higgs boson production rates low: ℎ/ℎℎ ∼ 1800,
ℎℎ/ℎℎℎ ∼ 450@ LHC

LHC Run 2 expected yields:
𝑝𝑝 → ℎℎ: ∼4500 events
𝑝𝑝 → ℎℎℎ: ∼13 events

[Bizon,H
aisch,RottoliJH

EP
10

(2019)267]
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Searches for 𝑯𝑯𝑯 and complementarity to 𝑯𝑯

• Pheno studies for a future 100
TeV pp collider exist [Chen, Yan,
Zhao, Zhao, Zhong – PRD 93
013007] and [Fuks, Kim, Lee –
PRD 93 035026]:
• use combined with
ATLAS/CMS HH numbers as
starting point for estimation

• consider 6𝑏 (ℬ = 0.2),
4𝑏2𝜏 (ℬ = 0.06),
4𝑏2𝛾 (ℬ = 0.002)

• assume Run 2 + Run 3 can get
to 𝜇𝐻𝐻𝐻 < 50@ 95% CL

[A
rnold,M

oser,Stam
enkovic

–
H
H
H
W
orkshop

D
ubrovnik]
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