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The Higgs boson is …

2

… a very special particle
• central piece of the Standard Model
• coupling to mass !

à intimate connection to mass and gravity

… the key to a deeper understanding 
of the big questions in physics
• matter-antimatter asymmetry 
• dark matter and dark energy 
• the structure of the vacuum

…. and their intimate connections

matter

anti-
matter
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a unique 
‘Higgs collaboration’ 

Hamburg: the place for Higgs+DM

future 
colliders 

particle physics 
theory

with world-leading Higgs researchers
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only two experiments have access to the Higgs boson:
ATLAS and CMS at CERN’s LHC

studying the Higgs boson 

CMS covered in this talk ! ATLAS covered in talk by K. Behr
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• UHH and DESY have large 
groups working in CMS
o O(200) people on campus
• largest site outside CERN

• major contributions to all 
aspects of the experiment
o operation
o computing
o analysis
o building subdetectors
o management
o …

CMS experiment in Hamburg
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Higgs/DM: CMS people in QU

Dr. Matthias 
Schröder

Prof. Freya Blekman

Prof. Christian 
Schwanenberger

Prof. Gregor 
Kasieczka

Prof. Peter 
Schleper Prof. Kostas 

Nikolopoulos

Prof. Elisabetta 
Gallo

Prof. Johannes 
Haller

Dr. Philip 
Gadow

Dr. Alexander
Grohsjean Prof. Freya 

Blekman

Dr. Andreas 
Meyer

Dr. Julliette 
Alimena

Dr. Roman 
Kogler

• please contact these people in
case of interest in a certain 
topic

• even if no position is available
currently, this might be the case
at a later stage

Dr. Andreas 
Hinzmannexpertise in all relevant areas!



available datasets and schedule

• major contribution to HL-
LHC from Hamburg
o construction of tracker
o start of data-taking

scheduled for 2030

• run3 data-taking ongoing until 
summer 2026

• large datasets available already
• with a start in 2026 one can analyse

the complete run3 data.



Higgs/DM with CMS: general aspects

• CMS Higgs/DM projects in QU:
o data analysis of run3 datasets
o improvement of algorithms

• focus:
o AI related tools
o interface with theory

• QU projects:
o H.1 ‘Higgs potential’
o H.2 ‘Higgs and the origin of matter’
o H.3 ‘Tools and new facilities’
o DM.3 ‘Dark sector searches at colliders’

e.g. AI progress in b-tagging
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shape of Higgs potential can be 
measured in Di-Higgs-Production
• very small cross-section at LHC
• very broad program in CMS, many channels

H.1   Higgs potential

HHbb𝜏𝜏 analysis status

Nathan Prouvost
2 Why di-Higgs?

Higgs potential in SM: 

●  

Driving questions:  
❓Higgs-potential outside of ground-state 
❓How do two Higgs Bosons couple to … 
■ another Higgs Boson  κλ (trilinear self-coupling)? 
■ two vector bosons  κ2V ? 

● Exclusion interval of last non-resonant  analysis: 
■ κλ ∈ [-1.7, +8.7] 

■ κ2V ∈ [-0.4, +2.6]

V = m2
H

2 H2 + m2
H

2τ
H3 + m2

H

8τ2 H4

HH → bb̄ν+ν−

 discovery of Higgs Boson 

(2012)

Higgs self coupling 

(20?? (?))

2 The tt̄H Process in the Standard Model of Particle Physics

The peculiarity of the potential V in Equation 2.29 is its symmetric shape that allows for asym-
metric ground states,

V(f) = �
µ2

2
f†f +

l

4
(f†f)

2, (2.32)

which is illustrated in Fig. 2.1. In configurations where the constants µ2 and l are positive, the

Re(�)
Im(�)

V (�)

Figure 2.1: Illustration of the Higgs potential V(f). While the potential itself is symmetric and
satisfies gauge invariance, the ground state (purple sphere) is realized for all values on a circle
with radius f =

p
2µ2/l, effectively breaking the symmetry for non-vanishing fields f.

symmetry is spontaneously broken when the minimum of V(f) is obtained for non-vanishing
scalar fields f, which is fulfilled at

f =
1

p
2

 
0
n

!
with n =

2µ
p

l
. (2.33)

The vacuum expectation value (VEV) n only depends on µ and l. To perform perturbative
calculations, an expansion of Equation 2.31 around the VEV with f0 ! 1/p

2(n + H + ic) is
required. Without restricting generality, the unitary gauge Re(f+

) = Im(f+
) = c = 0 can be

chosen owing to the symmetry of the ground state in V(f). The scalar fields correspond to three
so-called Goldstone bosons, cannot be observed in nature, and transmute into the longitudinal
components of the physical W± and Z bosons. This yields

f =
1

p
2

 
0

n + H

!
(2.34)

and the potential (Equation 2.32), expanded in powers of the real Higgs field H, becomes

V = µ2H2
+

µ2

n
H3

+
µ2

4n2 H4
=

m2
H

2
H2

+
m2

H
2n

H3
+

m2
H

8n2 H4, (2.35)

where the Higgs boson mass is identified as mH =
p

2µ2. The potential also exhibits triple and
quadruple Higgs boson vertices with couplings proportional to m2

H/n and m2
H/n2, respectively.

Finally, the mass terms for the W±
µ and Zµ gauge fields emerge by applying the covariant

derivatives to the first summand of the spontaneously broken Lagrangian LHiggs (Equation 2.29),
when utilizing the mixing of (Wa

µ, Bµ) into (W±
µ , Zµ, Aµ) of Equations 2.25 and 2.28 that results
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V(ϕ) = − μ2 (ϕ†ϕ) + λ (ϕ†ϕ)2

Goal: measure κλ

HHbb𝜏𝜏 analysis status

Nathan Prouvost
3 Signal processes at LHC (13.6 TeV)

ggF

3

Di-Higgs Production at the LHC
Standard Model Diagrams

!

3

Di-Higgs Production at the LHC
Standard Model Diagrams

!

kt kt kλ

𝜎ggF = 34.13 fb

● Biggest contribution 

● Trilinear coupling between Higgs (κλ)

VBF 𝜎VBF = 1.86 fb

the two protons, and in which all radiation has been
integrated over. Since the single-gluon exchange is zero
for color reasons, this approximation is exact at NLO,
while it has been shown to be accurate to more than 1% at
NNLO for the single-Higgs process [32–34]. Because the
presence of an additional Higgs boson does not impact the
color flow between the hadrons, this limit is expected to be
just as valid for Higgs pair production.
This paper is structured in the followingway. In Sec. II we

present the details of our calculation, in Sec. III we present
results for the inclusive cross section, and differential
distributions are given in Sec. IV. We give our conclusions
in Sec. V.

II. HIGGS PAIR PRODUCTION IN VBF

We start by setting up the formalism needed to calculate
the inclusive cross section up to third order in the expansion
in the strong coupling constant, which is analogous to the
single-Higgs one.

The VBF Higgs pair production cross section is calcu-
lated as a double deep inelastic scattering (DIS) process,
and can be written as [31]

dσ ¼
X

V

G2
Fm

4
V

s
Δ2

VðQ2
1ÞΔ2

VðQ2
2ÞdΩVBF

×WV
μνðx1; Q2

1ÞMV;μρMV$;νσWV
ρσðx2; Q2

2Þ: ð1Þ

Here GF is Fermi’s constant, mV and Δ2
V are the mass and

squared propagators of the mediating W or Z bosons, andffiffiffi
s

p
is the collider center-of-mass energy. We definedQ2

i ¼
−q2i and xi ¼ Q2

i =ð2Pi · qiÞ as the usual DIS variables,
where qi is the four-momentum of the vector boson Vi and
Pi that of the initial proton. Finally WV

μν is the hadronic
tensor and dΩVBF is the four particle VBF phase space.
The matrix element of the VV → hh subprocess is
expressed as [35]

MV;μν ¼ 2
ffiffiffi
2

p
GFgμν

"
2m4

V

ðq1 þ k1Þ2 −m2
V þ iΓVmV

þ 2m4
V
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V þ iΓVmV

þ 6νλm2
V

ðk1 þ k2Þ2 −m2
H þ iΓHmH

þm2
V

#

þ
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2

p
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V
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V
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m2

V − iΓVmV
þ
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2

p
GFm4

V

ðq1 þ k2Þ2 −m2
V

ð2kμ2 þ qμ1Þðkν1 − kν2 − qν1Þ
m2

V − iΓVmV
; ð2Þ

where k1, k2 are the final state Higgs momenta, which
satisfy k1 þ k2 ¼ q1 þ q2; λ is the trilinear Higgs self-
coupling; and ν is the vacuum expectation value of the
Higgs field.
Defining P̂i;μ ¼ Pi;μ − Pi·qi

q2i
qi;μ, the hadronic tensor WV

μν
in Eq. (1) is given by

WV
μνðxi; Q2

i Þ ¼
"
−gμν þ

qi;μqi;ν
q2i

#
FV
1 ðxi; Q2

i Þ

þ
P̂i;μP̂i;ν

Pi · qi
FV
2 ðxi; Q2

i Þ

þ iϵμνρσ
Pρ
i q

σ
i

2Pi · qi
FV
3 ðxi; Q2

i Þ; ð3Þ

where the FV
i ðx;Q2Þ functions are the standard DIS

structure functions with i ¼ 1; 2; 3, which can be

expressed as a convolution of the parton distribution
functions (PDF) with the short distance coefficient func-
tions

FV
i ¼

X

a¼q;g

CV;a
i ⊗ fa; i ¼ 1; 2; 3: ð4Þ

To evaluate Eq. (4), it is useful to define the singlet and
nonsinglet distributions qS, qNS;i, as well as the nonsinglet
valence distribution qVNS and the asymmetry δq&NS

qS¼
Xnf

j¼1

ðqjþ q̄jÞ; q&NS;j¼qj& q̄j; qvNS¼
Xnf

j¼1

ðqj− q̄jÞ;

δq&NS¼
X

u-type

ðqj& q̄jÞ−
X

d-type

ðqj& q̄jÞ: ð5Þ

FIG. 1. Born-level diagrams contributing to VBF Higgs pair production.

FRÉDÉRIC A. DREYER and ALEXANDER KARLBERG PHYS. REV. D 98, 114016 (2018)

114016-2

kλk2V kV kV

gluon-gluon-Fusion

Vector-Boson-Fusion

● Second largest process, still factor 15x smaller 

● Strong signature: 2 separate forward jets with high invariant mass and high η 

● Coupling between Higgs- and vector-bosons (κV,κ2V)

CMS people involved in H.1: E. 
Gallo, J. Haller, K. Nikolopoulos, 
P. Schleper, M. Schröder

    Andreas B. Meyer                                                                                         CMS Physics Program                                                                                    CMS DAS 15 October 2025, Hamburg                                

Caterina Vernieri (FNAL) HL/HE LHC Meeting, 4-6 April 2018, FNAL

Why di-Higgs
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Modified in many BSM scenarios 

Better than 20% precision on λHHH  [1305.6397] to see a deviation from SM (or less [1505.05488] in NMSSM)

Anomalous Higgs boson couplings  
Strong effect on cross-section and m(hh) shape 
EFT approach parametrizes new physics (dim 6 operators) 
modifications to κλ=λ/λSM and κt = yt/yt,SM 
 three new interactions: c2, c2g, cg 

ArXiv:1610.07922 
JHEP04(2016)126

κλκt κt

κt

c2
c2g cg

36 Chapter 1. Higgs boson pair production

The separate contribution of each diagram is illustrated in Figure 1.10. It should be
noted that the contribution from the triangle diagram cannot be isolated by setting to
zero the other couplings, as its amplitude squared depends quadratically on yt . However,
as already illustrated in Figure 1.9, it mostly contributes to the low mHH region. The
diagram involving the ⁄HHH and cg couplings contributes as well to the low mHH region
while those diagrams involving c2 and c2g have significant impact to the high mHH region,
the latter extending significantly beyond 1 TeV. As already observed in the simple case
discussed in the previous section, these five contributions have a non trivial interference
that can produce a large variety of HH signal topologies.
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Figure 1.10 – Comparison of the mHH distributions for di�erent combinations of the
BSM couplings. All the couplings not explicitly indicated in the legend are set to
zero.

Exploring all the possible combinations of the five couplings is clearly not feasible for
an experimental search in terms of complexity of the combinations and computing time.
An approach discussed in Ref. [59] consists in defining “shape benchmarks”, combinations
of the five EFT parameters which topologies are representative for large regions of the five-
dimensional parameter space. The shape benchmarks are defined by scanning a sample
of 1507 points generated in a five-dimensional grid and by regrouping those with similar
kinematic properties. The latter are completely described at LO by two parameters that
are taken as mHH and and the absolute value of the cosine of the polar angle of one Higgs
boson with respect to the beam axis, | cos ◊

ú
|, as discussed in more detail in Section 5.2 of

Chapter 5. The similarity between two shapes is quantified through a metric defined from
a binned likelihood ratio test statistics. Twelve shape benchmarks are defined with this
procedure, and their corresponding shapes are shown in Figure 1.11. The corresponding

L.Cadamuro’s thesis

HH production

Anadi Canepa, LHCP2025, May 5-9 2025

Combination of results from searches for HH  

11

Combination of HH production and decay modes measurements 
• Interpretations within the coupling modifiers, BSM/HEFT frameworks 
• UV complete recasting  

• 1D NLL scans in  and  and 2D NLL scans in ( , ), ( , ), ( , )
bbμμ

kν c2V kν c2V kν kt cV c2V

 [-1.4, 7.0] at 95%CLkν  [0.6, 1.4] at 95%CLk2V

HIG-20-011

  3.5 (2.5)ψHH →

CMS Run2 
legacy   

EPS-HEP2025  Roberto Salerno 

Figure 12: Profile likelhood scans as a function of for the observed data (solid lines). The

λHHH /λHHH,SM

24

2.1+4.0
−3.2

Best Fit 

NLO EW corrections to H production and decay rates

HIG-20-011

Comparable sensitivity in Higgs 
self-coupling to HH!
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HH searches 
Combination of 11 analyses

Higgs boson self-coupling 
Constraints from single H 

Higgs boson physics 
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Nonresonant HH → ##$$ – physics motivations

2

v Standard Model Double Higgs production
◦ !!" "" → $$ = 31.05 +, @ - = 13 ./0
◦ !!" 012 $$ = 1.726 +, @ - = 13 ./0
◦ Access to the trilinear Higgs coupling

v Test non-resonant BSM effective models with 
anomalous couplings

◦ Test anomalous 6#and 6$
◦ Test anomalous VBF couplings CV and C2V

◦ Test EFT benchmarks

Medium BR and relatively low background
ℬ $$ → ,,88 ≈ 7.3%

This analysis covers 3 88 final states: 8%8&, 8'8&, 8&8&
ℬ 88 → 8(/&8& ≈ 88%
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◦ !!" "" → $$ = 31.05 +, @ - = 13 ./0
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anomalous couplings
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CMS General Meeting: WGM 715

28.08.2025

Run-3 search for non-resonant HH → bbWW(2ℓ2ν)
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HIG-20-011

A. Cavalho, CERN Seminar, 12 Nov 24

Run 2 Legacy

    Andreas B. Meyer                                                                                         CMS Physics Program                                                                                    CMS DAS 15 October 2025, Hamburg                                

Caterina Vernieri (FNAL) HL/HE LHC Meeting, 4-6 April 2018, FNAL
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The separate contribution of each diagram is illustrated in Figure 1.10. It should be
noted that the contribution from the triangle diagram cannot be isolated by setting to
zero the other couplings, as its amplitude squared depends quadratically on yt . However,
as already illustrated in Figure 1.9, it mostly contributes to the low mHH region. The
diagram involving the ⁄HHH and cg couplings contributes as well to the low mHH region
while those diagrams involving c2 and c2g have significant impact to the high mHH region,
the latter extending significantly beyond 1 TeV. As already observed in the simple case
discussed in the previous section, these five contributions have a non trivial interference
that can produce a large variety of HH signal topologies.
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Figure 1.10 – Comparison of the mHH distributions for di�erent combinations of the
BSM couplings. All the couplings not explicitly indicated in the legend are set to
zero.

Exploring all the possible combinations of the five couplings is clearly not feasible for
an experimental search in terms of complexity of the combinations and computing time.
An approach discussed in Ref. [59] consists in defining “shape benchmarks”, combinations
of the five EFT parameters which topologies are representative for large regions of the five-
dimensional parameter space. The shape benchmarks are defined by scanning a sample
of 1507 points generated in a five-dimensional grid and by regrouping those with similar
kinematic properties. The latter are completely described at LO by two parameters that
are taken as mHH and and the absolute value of the cosine of the polar angle of one Higgs
boson with respect to the beam axis, | cos ◊
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Chapter 5. The similarity between two shapes is quantified through a metric defined from
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procedure, and their corresponding shapes are shown in Figure 1.11. The corresponding
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Medium BR and relatively low background
ℬ $$ → ,,88 ≈ 7.3%

This analysis covers 3 88 final states: 8%8&, 8'8&, 8&8&
ℬ 88 → 8(/&8& ≈ 88%

bb WW gg ττ cc ZZ γγ γZ µµ
µµ

γZ

γγ
ZZ

cc

ττ

gg
WW

bb

7−10

6−10

5−10

4−10

3−10

2−10

1−10ℬ $$ → <*<+=*=+
Assumes SM Higgs BR

t

g

g

H

H

t
H

g

g

H

H

%!

%"

%"

%"

&#
&#

&$#

kt
kλ

2020-05-19 HIG PAG meeting K. Androsov – Status of HH → ##$$ non-resonant analysis 

Nonresonant HH → ##$$ – physics motivations

2
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anomalous couplings
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This analysis covers 3 88 final states: 8%8&, 8'8&, 8&8&
ℬ 88 → 8(/&8& ≈ 88%

bb WW gg ττ cc ZZ γγ γZ µµ
µµ

γZ

γγ
ZZ

cc

ττ

gg
WW

bb

7−10

6−10

5−10

4−10

3−10

2−10

1−10ℬ $$ → <*<+=*=+
Assumes SM Higgs BR

t

g

g

H

H

t
H

g

g

H

H

%!

%"

%"

%"

&#
&#

&$#

2020-05-19 HIG PAG meeting K. Androsov – Status of HH → ##$$ non-resonant analysis 

Nonresonant HH → ##$$ – physics motivations

2

v Standard Model Double Higgs production
◦ !!" "" → $$ = 31.05 +, @ - = 13 ./0
◦ !!" 012 $$ = 1.726 +, @ - = 13 ./0
◦ Access to the trilinear Higgs coupling

v Test non-resonant BSM effective models with 
anomalous couplings

◦ Test anomalous 6#and 6$
◦ Test anomalous VBF couplings CV and C2V

◦ Test EFT benchmarks

Medium BR and relatively low background
ℬ $$ → ,,88 ≈ 7.3%

This analysis covers 3 88 final states: 8%8&, 8'8&, 8&8&
ℬ 88 → 8(/&8& ≈ 88%

bb WW gg ττ cc ZZ γγ γZ µµ
µµ

γZ

γγ
ZZ

cc

ττ

gg
WW

bb

7−10

6−10

5−10

4−10

3−10

2−10

1−10ℬ $$ → <*<+=*=+
Assumes SM Higgs BR

t

g

g

H

H

t
H

g

g

H

H

%!

%"

%"

%"

&#
&#

&$#

2020-05-19 HIG PAG meeting K. Androsov – Status of HH → ##$$ non-resonant analysis 

Nonresonant HH → ##$$ – physics motivations

2

v Standard Model Double Higgs production
◦ !!" "" → $$ = 31.05 +, @ - = 13 ./0
◦ !!" 012 $$ = 1.726 +, @ - = 13 ./0
◦ Access to the trilinear Higgs coupling

v Test non-resonant BSM effective models with 
anomalous couplings

◦ Test anomalous 6#and 6$
◦ Test anomalous VBF couplings CV and C2V

◦ Test EFT benchmarks

Medium BR and relatively low background
ℬ $$ → ,,88 ≈ 7.3%

This analysis covers 3 88 final states: 8%8&, 8'8&, 8&8&
ℬ 88 → 8(/&8& ≈ 88%

bb WW gg ττ cc ZZ γγ γZ µµ
µµ

γZ

γγ
ZZ

cc

ττ

gg
WW

bb

7−10

6−10

5−10

4−10

3−10

2−10

1−10ℬ $$ → <*<+=*=+
Assumes SM Higgs BR

t

g

g

H

H

t
H

g

g

H

H

%!

%"

%"

%"

&#
&#

&$#

k2V

Mathis Frahm for HIG-25-018

CMS General Meeting: WGM 715

28.08.2025

Run-3 search for non-resonant HH → bbWW(2ℓ2ν)

15

HIG-20-011

A. Cavalho, CERN Seminar, 12 Nov 24

Run 2 Legacy
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Why di-Higgs

3

Modified in many BSM scenarios 

Better than 20% precision on λHHH  [1305.6397] to see a deviation from SM (or less [1505.05488] in NMSSM)

Anomalous Higgs boson couplings  
Strong effect on cross-section and m(hh) shape 
EFT approach parametrizes new physics (dim 6 operators) 
modifications to κλ=λ/λSM and κt = yt/yt,SM 
 three new interactions: c2, c2g, cg 

ArXiv:1610.07922 
JHEP04(2016)126

κλκt κt

κt

c2
c2g cg

36 Chapter 1. Higgs boson pair production

The separate contribution of each diagram is illustrated in Figure 1.10. It should be
noted that the contribution from the triangle diagram cannot be isolated by setting to
zero the other couplings, as its amplitude squared depends quadratically on yt . However,
as already illustrated in Figure 1.9, it mostly contributes to the low mHH region. The
diagram involving the ⁄HHH and cg couplings contributes as well to the low mHH region
while those diagrams involving c2 and c2g have significant impact to the high mHH region,
the latter extending significantly beyond 1 TeV. As already observed in the simple case
discussed in the previous section, these five contributions have a non trivial interference
that can produce a large variety of HH signal topologies.

 [GeV]HHm
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Figure 1.10 – Comparison of the mHH distributions for di�erent combinations of the
BSM couplings. All the couplings not explicitly indicated in the legend are set to
zero.

Exploring all the possible combinations of the five couplings is clearly not feasible for
an experimental search in terms of complexity of the combinations and computing time.
An approach discussed in Ref. [59] consists in defining “shape benchmarks”, combinations
of the five EFT parameters which topologies are representative for large regions of the five-
dimensional parameter space. The shape benchmarks are defined by scanning a sample
of 1507 points generated in a five-dimensional grid and by regrouping those with similar
kinematic properties. The latter are completely described at LO by two parameters that
are taken as mHH and and the absolute value of the cosine of the polar angle of one Higgs
boson with respect to the beam axis, | cos ◊

ú
|, as discussed in more detail in Section 5.2 of

Chapter 5. The similarity between two shapes is quantified through a metric defined from
a binned likelihood ratio test statistics. Twelve shape benchmarks are defined with this
procedure, and their corresponding shapes are shown in Figure 1.11. The corresponding

L.Cadamuro’s thesis

HH production

Anadi Canepa, LHCP2025, May 5-9 2025

Combination of results from searches for HH  
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Combination of HH production and decay modes measurements 
• Interpretations within the coupling modifiers, BSM/HEFT frameworks 
• UV complete recasting  

• 1D NLL scans in  and  and 2D NLL scans in ( , ), ( , ), ( , )
bbμμ

kν c2V kν c2V kν kt cV c2V
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Figure 12: Profile likelhood scans as a function of for the observed data (solid lines). The
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Run 2 Legacy

huge progress expected 
for run3 and HL-LHC

exploratory study of tri-
Higgs-Production

run2 result run2 result
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H.2   Higgs and the origin of matter
CMS people involved in H2.: F. Blekman,  
E. Gallo,  A. Grohsjean,  J. Haller,  M. 
Schröder, C. Schwanenberger

new physics in the Higgs sector?
• DM contribution ?
• CP violation ?
• extended Higgs sectors ?

several experimental approaches

26
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Figure 9: Observed and predicted distribution of mττ in three bins of p̂
V
T , combined for all final

states and all data-taking years for the (upper) WH and (lower) ZH analyses.

e.g. differential distributions in 𝐻 → 𝜏𝜏
e.g. search for heavy Higgs

13

Figure 6: Median expected (dashed lines) and observed (filled contours) 95% CL exclusion
regions in the (mH, mA) parameter space of the type-II 2HDM for tan β = 0.5 (blue), 1 (orange),
and 1.5 (red), derived assuming narrow resonances. The enclosed regions are excluded. The
dotted lines indicate points of constant total decay width ΓA of the A boson relative to its mass
in the 2HDM, for the tan β value of the corresponding colour.

Figure 7: Median expected (dashed lines) and observed (filled contours) 95% CL exclusion
regions in the type-II 2HDM (tan β, mA) parameter space at mH = 400 GeV (left) and in the
(tan β, cos(β → α)) parameter space at mA = 600 GeV and mH = 400 GeV (right), derived as-
suming narrow resonances. The enclosed regions are excluded. The dotted lines indicate points
of constant total decay width ΓA of the A boson relative to its mass in the 2HDM.

7

Figure 1: Observed (points with statistical error bars) and predicted (stacked colored his-
tograms) mtt distribution in three out of nine (chel, chan) bins. In the upper panels, the tt
histogram shows the FO pQCD prediction after the fit to the data that includes the η t sig-
nal model (whose contribution is not drawn), and the shown event rates are divided by the bin
width. The lower panels display the ratio of the data to the FO pQCD + background predic-
tion, with η t signal overlaid at its best fit η t cross section (red line). The gray band indicates the
postfit uncertainty. The first and last mtt bins include all events with reconstructed mtt below
360 and above 1300 GeV, respectively, and the drawn bin width is used for the normalization
in these bins.

of µR have no effect. The uncertainty in mt is considered by varying its value in simulation by
±1 GeV, and is treated as fully correlated with the mt variation in the FO pQCD tt prediction.
Other theoretical uncertainties in the η t and χt simulations, such as the PDF variations, are
found to be small compared to the already considered effects and are thus neglected.

The µR, µF, ISR, and FSR scale uncertainties are also independently considered for the Z/ε→ and
tX processes. Normalization uncertainties for the non-tt background processes are assigned
based on the precision of relevant cross section measurements [108–113], resulting in larger
uncertainties than those of the corresponding theoretical computations.

3 Results

We observe an excess of events in the data with respect to the FO pQCD prediction. This
excess occurs mainly at low mtt , and its strength depends on chel and chan. We analyze the
mtt distribution in 3↑3 equal-sized chel and chan bins, and show three of these bins in Fig. 1:
the bin (↓1 < chel < ↓1/3, ↓1 < chan < ↓1/3) where the η t contribution is expected to
be small (left), the intermediate bin (↓1/3 < chel < 1/3, ↓1/3 < chan < 1/3) (middle),
and the bin (1/3 < chel < 1, 1/3 < chan < 1) where the η t contribution is expected to be
enhanced (right). In Fig. 2 (left), the chel distribution is shown for mtt < 360 GeV and integrated
over chan. The data show a steeper slope than the FO pQCD prediction, as expected from
an additional pseudoscalar contribution. As can be seen in both figures, the η t model can
accommodate the excess.

We measure an η t production cross section of

ϱ(η t) = 8.8 ± 0.5 (stat) +1.1
↓1.3 (syst) pb = 8.8 +1.2

↓1.4 pb.

e.g. observation of a new 
‘particle’ decaying to 𝑡 ̅𝑡

very 
interesting 
options for 
run3!
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H.3 Tools for Higgs studies

CMS people involved in H.3: F. 
Blekman, E. Gallo, J. Haller, G. 
Kasieczka, P. Schleper, M. Schröder

44

L1 during phase two
now phase 2

muons calorimeter tracks

trigger primitives, 3.8 us total latency,  
100 kHz rate, 7 FPGA boards

particle flow objects, 12 us total latency,  
750 kHz rate, 12 FPGA boards

← TOPO
← future TOPO

CMS TRIGGER FOR HL-LHC 

• CMS L1 Trigger built in FPGA electronics
• latest generation: usage of AI based algorithms
• test algorithms in run3
• huge potential for HL-LHC

CMS L1 trigger system in HL-LHC

trigger rates of tests in run3 data-taking

HL-LHC: improved sensitivity 
by new ML-based triggers



• DM could be produced at colliders
• QU focus:

o ALP DM
o long-lived particles

• non-standard reconstruction

12

DM. 3   Dark sector searches at colliders

CMS people involved 
in DM.3: J. Alimena, F. 
Blekman, A. 
Grohsejan, J. Haller, G. 
Kasieczka, K. 
Nikolopoulos, P. 
Schleper, C. 
Schwanenberger

6Deutches Physikerinnentagung 2025Lovisa Rygaard

Axion-Like Particles in association with tt̄ 
Axion-Like Particles: 

Particles occurring in many BSM theories 
• Example: as a link between visible and dark matter

In association with  

Strongest coupling to top quarks → search for ALPs together with tt̄ 

• Using tops to be less dependent on ALP mass 

• While maintaining a low background

Displaced dimuons from ALP decays: 

ALP coupling to tops → decay to a dimuon through top interactions 

• Allows long-lived ALPs 

• Use muon displacement to suppress prompt background

μ μ
μ𝛎μ

b-jet
jet

12Deutches Physikerinnentagung 2025Lovisa Rygaard 12

Displaced dimuon + tt̄ in CMS

Leptonic top decay 
• 1 muon 
• 1 neutrino 
• 1 b-jet

Hadronic top decay 
• 2 jets 
• 1 b-jet

Displaced dimuon from 
long-lived ALP 
• 2 muons

b-jet
a

so
ur

ce
: t

ik
Z

e.g. ALP production in 
association with 𝑡 ̅𝑡
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Figure 13: The 95% CL expected (dotted curves) and observed (solid curves) upper limits on
the branching fraction B(H → SS) as functions of cτ for the S → dd (upper left), S → π0π0

(upper right), and S → τ+τ↑ (lower) decay modes. The exclusion limits are shown for different
mass hypotheses.



Summary

• CMS expertise on campus is excellent

• strong involvement in Higgs and DM physics
o broad spectrum of topics in QU
o datasets with highest sensitivity available now

• In case of interest: please contact the involved researchers 
o even if no position is open currently, as this might change quickly



list of open CMS positions in Higgs and DM

project topic contact person level
H.1 Trilinear Higgs 

Coupling
E. Gallo postdoc

H.2 Higgs + DM C. Schwanenberger PhD student

H.3 AI for Higgs P. Schleper postdoc

DM.3 prompt ALPs C. Schwanenberger PhD student

DM.3 long-lived particles G. Kasieczka PhD student

SMART.2 signature based 
triggers

J. Haller PhD student

more positions from other funds 
might be available within the groups


