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International 
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collider projects (CERN, KEK)

Attractive
on-site
program

Preparation of future 
facilities / experiments
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Guiding themes for PoF IV
Broad theory 

portfolio

Strong 
experimental 

program

• Collider Physics


• Particle Cosmology


• Lattice Gauge Theory


• String Theory

• Off-site experiments: ATLAS & 
CMS @CERN, Belle II @KEK


• Attractive on-site program: 
ALPS-II, Baby-IAXO, 
MADMAX, LUXE


• Preparation of future facilities/
experiments

• Testbeam


• Wolfgang Pauli Center


• Detector Assembly Facility (DAF)


• Computing centres (GridKa, IDAF)

Infrastructures
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LHC Run-3 status
Beam splash event 19.10.21

10

Begin of Run 3 commissioning on 22 April 2022

Splash view from the ATLAS Control Room on 22 Apr 2022

11Splash view from the ATLAS Control Room on 22 Apr 2022

Begin of Run 3 13.6 TeV collisions on 5 July 2022

Big thanks to our Outreach 
Team for so well covering this 

and also the Higgs-10 event! 

9

Stable Beam and Availability

Stable beam delivery initially affected by remaining
beam commissioning, various outages, quenches, ...

Overall availability dominated by 4 week RF outage

Reached 50% last week
Averaging around 40%
of Stable Beam time
during August

During Run 2 reached 50% in all but first year of running

RF outage

Luminosity production

LHC approaching 50% stable beam 
availability

Peak luminosity limited by LHC cooling   
power to absorb heat load from beams 

Mixed filling schemes being tested to 
maximise integrated luminosity within cooling 
and pileup constraints (® Brian’s talk)

20

Achieved up to 0.8 fb–1 per day               
(2018 record: 0.9 fb–1 / day, but rare)

Pileup profile of run 435931

Run taken on 3 October 2022

11

Integrated Luminosity Delivery

Production was ramping up before incident
Was approaching best periods in Run 2

Have now restarted at decent production rate again

?

With stable running
conditions could 
approach same
delivered luminosity
as in 2016
(but without ion run)

10

Begin of Run 3 commissioning on 22 April 2022

Splash view from the ATLAS Control Room on 22 Apr 2022

Energy saving measures: 

                        end-of-the-year stop 2 weeks earlier

Goal: double Run-2, 300fb-1
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HL-LHC Upgrades status
• ATLAS Endcap tracker upgrade:


• Strong and highly appreciated collaboration with HU Berlin, 
TU Dortmund and Uni Freiburg for module production


• Site qualification almost complete and already build fully 
functional, special request, pre-production module

• CMS Endcap calorimeter upgrade (SiPM-on-Tile)


• Turning page to production: 4000 SiPM for prototype stack and 
cassette arrived in summer, new system performance tests

Tileboard

•  CMS Outer Tracker Upgrade


• preparing for module pre-production to start in Q2/23


• expecting first pre-production endcap support structure (Dee) in Q1/23


• finalizing design of endcap integration tooling

Prototype PS module on 

Endcap support structure
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HL-LHC Upgrades status
• ATLAS Endcap tracker upgrade:


• Strong and highly appreciated collaboration with HU Berlin, 
TU Dortmund and Uni Freiburg for module production


• Site qualification almost complete and already build fully 
functional, special request, pre-production module

• CMS Endcap calorimeter upgrade (SiPM-on-Tile)


• Turning page to production: 4000 SiPM for prototype stack and 
cassette arrived in summer, new system performance tests

Tileboard

•  CMS Outer Tracker Upgrade


• preparing for module pre-production to start in Q2/23


• expecting first pre-production endcap support structure (Dee) in Q1/23


• finalizing design of endcap integration tooling

Prototype PS module on 

Endcap support structure

Flash talk: P. Mc Keown "Fast 
calorimeter simulations with 

Machine Learning techniques”
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Belle II PXD2 installation status
• Both PXD2 half-shells successfully 

assembled at MPP Munich and safely 
transported to DESY for commissioning 

• Passed full electrical tests, optimisation with 

source 90Sr 

• Recent issue with two bent L1 ladders under 

intense investigation

2019 2020 2021 2022

World-record specific luminosity! 4.65x1034cm-2s-1

Next milestone (after Long Shutdown): 1035cm-2s-1

TOT = 427 fb -1

(~= BaBar dataset)

PXD2 installation on schedule for early 2023

• Despite many challenges, the first years of 
operation of SuperKEKB / Belle II were very 
successful

Oct 6, 2022 Anselm Baur 4

Half-Shell Test Stand at DESY

Tests and Measurements:

● Full electrical test if all ladders still functional after mounting

● Source measurements using Sr90 source

● Pixel hit e=ciency, noise, …

● Examining cross-talk between modules

● Crosscheck performance with mass-testing results

● Stress-tests: undergo several cooling cycles and thermal states

with the half-shell

Test Setup:

● Full DAQ readout chain to operate modules

● CO2 cooling of the HS in a monitored low humidity volume

● HS power consumption: 190 W (~9 W/module)

● CO2 temperature: 0 – 15 °C (KEK -20°C)

● N2: matrix cooling and dry volume

● Half-Shell operation limited by number of available 

power supplies D operate E HS at once

new

HS2p4-a

PXD2 half-shells 
under test
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Search for invisible Higgs 
decays with vector-boson 
fusion or ZH signatures

• VBF: BR (H➛inv) < 14.5%                       

(JHEP 08 (2022) 104)


• ZH: BR (H➛inv) < 19%                                
(PLB 829 (2022) 137066)

Atlas highlights: invisible Higgs

Higgs portal interpretation

WIMP = Weakly Interactive Massive Particles

https://link.springer.com/article/10.1007/JHEP08(2022)104
https://www.sciencedirect.com/science/article/pii/S0370269322002003
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Search for invisible Higgs 
decays with vector-boson 
fusion or ZH signatures

• VBF: BR (H➛inv) < 14.5%                       

(JHEP 08 (2022) 104)


• ZH: BR (H➛inv) < 19%                                
(PLB 829 (2022) 137066)

Atlas highlights: invisible Higgs
Higgs portal interpretation

dark matter

scattering 

interpretation

Flash talk: M. Ojeda 

“A detailed map of Higgs boson interactions ten 

years after the discovery”

https://link.springer.com/article/10.1007/JHEP08(2022)104
https://www.sciencedirect.com/science/article/pii/S0370269322002003
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CMS highlights: first Run-3 result 

First measurement of the top 
quark pair production cross 
section in pp collisions at 
13.6 TeV

• New technique: by combining 

multiple channels,

• Method validated on Run 2 data, 

use also for in situ calibration

• Measurement consistent with 

prediction

CMS-PAS-TOP-22-012
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Figure 8: The tt cross section as a function of
p

s, as obtained in previous measurements by
the CMS experiment in pp collisions [1–6, 8, 11, 12] (blue markers) and at the Tevatron in
pp collisions [64] (empty black downward triangle). The red bullet shows the result from
this analysis at

p
s = 13.6 TeV. Points corresponding to measurements at the same

p
s are

horizontally shifted for better readability.

8 Summary
The first measurement of the top quark pair (tt) production cross section in proton-proton
collisions at

p
s = 13.6 TeV is presented. Data recorded with the CMS detector in July and

August 2022, corresponding to an integrated luminosity of 1.20 fb�1, are analyzed. Events
are selected with one or two charged leptons (electrons and muons) and additional jets. A
maximum likelihood fit is performed to categories defined by the number and flavors of the
leptons, and the number of jets and jets identified as originating from the hadronization of
b hadrons. In the fit, uncertainties in the lepton selection efficiencies, the jet energy scale,
and the b tagging efficiencies are constrained. An inclusive tt production cross section of
887 +43

�41 (stat+syst) ± 53 (lumi) pb is measured, compared to the standard model prediction of
921 +29

�37 pb.

References
[1] CMS Collaboration, “Measurement of the tt production cross section in the all-jet final

state in pp collisions at
p

s = 7 TeV”, JHEP 05 (2013) 065,
doi:10.1007/JHEP05(2013)065, arXiv:1302.0508.

[2] CMS Collaboration, “Measurement of the tt production cross section in the all-jets final
state in pp collisions at

p
s = 8 TeV”, Eur. Phys. J. C 76 (2016) 128,

CMS tests the SM prediction for σtt at a 5th energy value! 

♦ New technique: by combining multiple channels, 
use the measured data sample for in situ calibration

♦ Method validated on Run 2 data 

♦ Consistent with σtt (pred.) = 921 pb, 
~10% rise compared to 13 TeV

♦ Target paper by end of 2022

Presented at 
TOP 2022 

First Run 3 Result: CMS-PAS-TOP-22-012
First measurement of the top quark pair production 
cross section in proton-proton collisions at 13.6 TeV

Using data from the 
start of Run 3: 

e+jets
N(jet)

eμ
N(jet)

Presented at 
TOP 2022

https://cds.cern.ch/record/2834110?ln=en
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CMS highlights: harvest of Run-2 

VH→bb full Run 2 analysis 
Simplified Template Cross 
Sections

• Brand new result at 

HiggsHunting conference

• CMS-PAS-HIG-20-001 

Search for heavy neutral Higgs 
bosons in the ττ final state in the 
MSSM scenario

• Two excesses in gg→φ, local 

significance 3σ at masses of 0.1 and 
1.2 TeV  


• arXiv:2208.02717, submitted to JHEP

Flash talk: S. Amoroso

“From the precision frontier to physics 

beyond the SM”

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-001/index.html
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Belle II highlight: Search for B+ ➛ K+ nn
• FCNC b → sνν ̄ powerful probe of the Standard Model, highly sensitive to new physics


• Complementary to b → sll results, which show a tension with respect to SM


• No charged leptons in the final state → clean and accurate theoretical predictions

Also Flash talk: E. Ganiev 

"LFU violation and prospects 

at Belle II"

Motivation and goals

3

FCNC  transitions offer a powerful probe of the SM. 
 Occur only at the loop level → highly suppressed. 
 Absence of charged leptons in the final state → clean  
theoretical predictions 

Highly sensitive to potential new physics (NP) contribution 
• Mediators in loops or new tree level diagrams 
• Sources of missing energy (e.g. b → s + DM) 

Measure  decay branching fractions by using 
inclusive tagging in Belle II data

b → sνν̄

B → K(*)νν̄

Competitive results already with 63 fb-1

• Publication to be ready by 
December 2022 - Moriond 2023 
with both inclusive and hadronic 
K+ tag, full 400/fb dataset 
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On-site Axions experiments PoF IV work program
§ Physics harvest of ALPS II and BabyIAXO

§ First data from MADMAX, preparation for IAXO

Goals
§ Observation of axions? 

Sensitivity 2035
of on-site axion 

experiments

Hints from astrophysics

PoF III: Launched a unique on-site program with 
international partners

§ Set up ALPS II

§ Launch of BabyIAXO (funded), IAXO and MADMAX

On-site Program: Axion Physics & Strong-Field QED

11Topic MU-FPF

2018 scientific evaluation: “Continue to support the diverse on-site experimental programme.”

Towards Axions/ALPs 
observation


• Haloscopes: looking for 
dark matter constituents


• Helioscopes: Axions 
emitted by the sun  


• Purely laboratory 
experiments “light-
shining-through-walls”



Mission and Strategy

6

Our mission: Study the fundamental laws of Nature in our universe, governed by quantum 
physics and the dynamics of space-time

Topic MU-FPF

Dark Energy

Dark Matter

Atoms

What is dark
matter?

What is the 
structure of 
the vacuum?

Science drivers

Where did the 
anti-matter go?

Cosmology 
and the dark 
sector of the 

universe

Higgs and 
fundamental 

interactions at 
high precision

Searches for 
new particles 
& phenomena

Guiding themes for PoF IV

| Fundamental Particles and Forces: Overview  | Priscilla Pani - MU days 2022 14

On-site Axions experiments
MADMAX

• Status: significant progress in 
the prototyping phase


• Magnet Conceptual Design and 
successful tests CEA


• Booster prototyping (CERN) 
and calibration


• Enabling technologies: 
dielectric disks handing/
mounting, piezo motor tests

Further schedule beyond using MOPURGO 
prototype at CERN subject to funding
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On-site Axions experiments
BabyIAXO International AXion Observatory

• Status: ready for construction but no 
magnet conductor


• X-ray optics, low-background detector 
and structure and drive all finished or 
close to be


• Magnet providing dipole fields in the 
bores, challenging concept, “dry” 
detector magnet. No vendor for Al-
stabilized superconducting cables since 
Russian invasion of Ukraine
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On-site Axions experiments
ALPSII

2020

2022

• Installation completed, all 
components operational


• 2022 / early 2023 start of 
the first science run!

125 m regeneration 
 cavity storage time:  
6 ms! (world record)
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On-site experiments: LUXE
Conceptual	IDEA	of	LUXE	Experiment

2

• First time measurement of non-perturbative QED 
in strong fields (Schwinger critical field

Review 
process Construction Installation & 

commissioning Physics Run

2022 2024 2025-

• Collaboration of particle, accelerator and 
laser physicists


• Ongoing infrastructure and detector designs

LUXE („Laser und XFEL“ Experiment) 
Colliding high-energy photons/electrons with lasers

High-energy electrons /  
photons from XFEL linac

Scientific goal (1): Probe quantum physics in 
novel regime  
• Observe transition from perturbative to non-

pert. Regime; reach Schwinger critical field 
value for the first time! 
 
 

• Now possible thanks to new laser 
developments! 

Collaboration of particle, accelerator and 
laser physicists  
• Recommended by EPPSU; 14 institutions 

(and growing) 

!"#$% = !"
#$%

ℏ# ≃ ( . % ⋅ (*(+ -/.

Scientific goal (2): search for axion-
like particles 

7

Belle-II

Belle-II

FASER2

FASER
GlueX, fb-1

GlueX, pb-1

NA62-dump

PrimEx

NA64

LEP

Belle-II

Beam Dumps

PrimEx

LUXE-NPOD
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LUXE-NPOD
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FIG. 4: The projected reach of LUXE-NPOD phase-0 (1) in
a solid blue (black) compare to the currently existing bounds
(gray regions) on X = a,�-photon couplings from LEP [62–
64], PrimEx [43], Belle-II [65], NA64 [66, 67] and beam-
dumps [68–70]. The dark blue dot-dashed is the projection
from on-tape PrimEx dataset [43]. The dotted lines are
future projections of NA62, Belle-II, FASER, PrimEx and
GlueX [40, 43, 71–74]. The natural region for the scalar
model is below the brown dashed-dotted line.

⇠ O(10 � 100) ps [57–59], energy resolution of a few
percent and finally, position and angular resolutions of
⇠ O(100)µm and ⇠ O(100)mrad respectively [57, 59–
61]. To conclude this discussion, we note that even a
subset of these specifications is su�cient to meet our min-
imal requirements for the search.

The projections for the sensitivity of LUXE-NPOD
are shown in Fig. 4 for the axion or scalar mass versus
the e↵ective coupling as defined in Eq. (4). We com-
pare the result to the current bounds from LEP [62–
64], PrimEx [43, 75], NA64 [66, 67], Belle-II [65], and
beam-dumps experiments [68, 69]. In addition, the future
projections of NA62 (in dump-mode), Belle-II, FASER,
PrimEx and GlueX [43, 71–74] are presented. We
see that already in phase-0 LUXE can probe an unex-
plored parameter space in the mass range of 50MeV .
mX . 250MeV and 1/⇤X > 4 ⇥ 10�6 GeV�1. More-
over, we see that LUXE phase-1 is expected to probe
40MeV . mX . 350MeV and 1/⇤X > 2⇥ 10�6 GeV�1.
The region of natural parameter space for scalar is be-
low the brown dashed-dotted line of Fig. 4, see Eq. (5),
which will be probed in phase-1. The projections from

determine the required cosmic muons veto strength and hence

the required arrangement of muon chambers.

the FASER2 (planned for a HL-LHC future run [76]) and
NA62 in dump mode are roughly similar with the LUXE
phase-1 sensitivity curve, that is expected to be reached
after one year of running.
An interesting comparison of the LUXE-NPOD pro-

posal presented here is with the case of electron beam-
dump. In this setup the electron beam is directly col-
lided with the (same) dump. For electron beam with
Ee = 16.5GeV the number of photons with E� > 1GeV
is ⇠ 7 per initial electron. Thus, naively, one can expect
that the X yield will be a factor of ⇠ 2 larger than in
the LUXE setup used as NPOD. However, based on our
Geant 4 simulation, the number of two-photon back-
ground events at the detector is expected to be much
higher. Particularly, we have estimated µ� and µn to be
⇠ 20 and ⇠ 4 and times larger than the respective values
for the LUXE-NPOD setup. Hence, these estimations
make the X search much more challenging in terms of
the requirements on the detector (fn!� and Rsel). The
respective values of R�/n, µn(1.0 m) and µ�(1.0 m) for
this setup are quoted in the Supplemental Material and
the derivation of the probabilities is identical to the one
of LUXE-NPOD given above.

VI. OUTLOOK

In this work we propose a novel way to search for
feebly interacting massive particles, exploiting striking
properties of systems involving collision of high-energy
electrons with intense laser pulses. The laser medium
acts e↵ectively as a thick-material for electrons, which
emit a large flux of hard collinear photons. The same
laser medium acts e↵ectively as a thin-material for these
photons, which are free-streaming inside it. The electron-
laser collision is thus an apparatus, which e�ciently con-
vert UV electrons to a large flux of hard photons.

We then propose to direct this unique large and hard
flux of photon onto a physical dump to allow the pro-
duction of feebly interacting massive particles in a region
of parameters never been probed before. We denote this
apparatus as optical dump or NPOD (new physics search
with optical dump).

This may seem like a pretty unique set of specifica-
tions to follow. However, it happens to be that the pro-
posed LUXE experiment at the Eu.XFEL fulfils all the
basic requirements of the above experimental concept.
LUXE is a part of a broader worldwide program aim-
ing to probe non-perturbative aspects of QED and field
theories in general. It is quite remarkable that even in
its phase-0 and definitely in its phase-1, LUXE will be
able to probe uncharted territory of spin-0 feebly coupled
particles. This can be done in a nearly “parasitic-mode”
of operation, where the only requirement is an additional
detector system as proposed in this work, with no modi-
fication otherwise to the experimental design. Moreover,
we show that with a reasonable choice of detector tech-
nology, this search can be regarded as background-free.

• Discovery 
potential for 
axions

LUXE („Laser und XFEL“ Experiment) 
Colliding high-energy photons/electrons with lasers

High-energy electrons /  
photons from XFEL linac

Scientific goal (1): Probe quantum physics in 
novel regime  
• Observe transition from perturbative to non-

pert. Regime; reach Schwinger critical field 
value for the first time! 
 
 

• Now possible thanks to new laser 
developments! 

Collaboration of particle, accelerator and 
laser physicists  
• Recommended by EPPSU; 14 institutions 

(and growing) 

!"#$% = !"
#$%

ℏ# ≃ ( . % ⋅ (*(+ -/.

Scientific goal (2): search for axion-
like particles 
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FIG. 4: The projected reach of LUXE-NPOD phase-0 (1) in
a solid blue (black) compare to the currently existing bounds
(gray regions) on X = a,�-photon couplings from LEP [62–
64], PrimEx [43], Belle-II [65], NA64 [66, 67] and beam-
dumps [68–70]. The dark blue dot-dashed is the projection
from on-tape PrimEx dataset [43]. The dotted lines are
future projections of NA62, Belle-II, FASER, PrimEx and
GlueX [40, 43, 71–74]. The natural region for the scalar
model is below the brown dashed-dotted line.

⇠ O(10 � 100) ps [57–59], energy resolution of a few
percent and finally, position and angular resolutions of
⇠ O(100)µm and ⇠ O(100)mrad respectively [57, 59–
61]. To conclude this discussion, we note that even a
subset of these specifications is su�cient to meet our min-
imal requirements for the search.

The projections for the sensitivity of LUXE-NPOD
are shown in Fig. 4 for the axion or scalar mass versus
the e↵ective coupling as defined in Eq. (4). We com-
pare the result to the current bounds from LEP [62–
64], PrimEx [43, 75], NA64 [66, 67], Belle-II [65], and
beam-dumps experiments [68, 69]. In addition, the future
projections of NA62 (in dump-mode), Belle-II, FASER,
PrimEx and GlueX [43, 71–74] are presented. We
see that already in phase-0 LUXE can probe an unex-
plored parameter space in the mass range of 50MeV .
mX . 250MeV and 1/⇤X > 4 ⇥ 10�6 GeV�1. More-
over, we see that LUXE phase-1 is expected to probe
40MeV . mX . 350MeV and 1/⇤X > 2⇥ 10�6 GeV�1.
The region of natural parameter space for scalar is be-
low the brown dashed-dotted line of Fig. 4, see Eq. (5),
which will be probed in phase-1. The projections from

determine the required cosmic muons veto strength and hence

the required arrangement of muon chambers.

the FASER2 (planned for a HL-LHC future run [76]) and
NA62 in dump mode are roughly similar with the LUXE
phase-1 sensitivity curve, that is expected to be reached
after one year of running.
An interesting comparison of the LUXE-NPOD pro-

posal presented here is with the case of electron beam-
dump. In this setup the electron beam is directly col-
lided with the (same) dump. For electron beam with
Ee = 16.5GeV the number of photons with E� > 1GeV
is ⇠ 7 per initial electron. Thus, naively, one can expect
that the X yield will be a factor of ⇠ 2 larger than in
the LUXE setup used as NPOD. However, based on our
Geant 4 simulation, the number of two-photon back-
ground events at the detector is expected to be much
higher. Particularly, we have estimated µ� and µn to be
⇠ 20 and ⇠ 4 and times larger than the respective values
for the LUXE-NPOD setup. Hence, these estimations
make the X search much more challenging in terms of
the requirements on the detector (fn!� and Rsel). The
respective values of R�/n, µn(1.0 m) and µ�(1.0 m) for
this setup are quoted in the Supplemental Material and
the derivation of the probabilities is identical to the one
of LUXE-NPOD given above.

VI. OUTLOOK

In this work we propose a novel way to search for
feebly interacting massive particles, exploiting striking
properties of systems involving collision of high-energy
electrons with intense laser pulses. The laser medium
acts e↵ectively as a thick-material for electrons, which
emit a large flux of hard collinear photons. The same
laser medium acts e↵ectively as a thin-material for these
photons, which are free-streaming inside it. The electron-
laser collision is thus an apparatus, which e�ciently con-
vert UV electrons to a large flux of hard photons.

We then propose to direct this unique large and hard
flux of photon onto a physical dump to allow the pro-
duction of feebly interacting massive particles in a region
of parameters never been probed before. We denote this
apparatus as optical dump or NPOD (new physics search
with optical dump).

This may seem like a pretty unique set of specifica-
tions to follow. However, it happens to be that the pro-
posed LUXE experiment at the Eu.XFEL fulfils all the
basic requirements of the above experimental concept.
LUXE is a part of a broader worldwide program aim-
ing to probe non-perturbative aspects of QED and field
theories in general. It is quite remarkable that even in
its phase-0 and definitely in its phase-1, LUXE will be
able to probe uncharted territory of spin-0 feebly coupled
particles. This can be done in a nearly “parasitic-mode”
of operation, where the only requirement is an additional
detector system as proposed in this work, with no modi-
fication otherwise to the experimental design. Moreover,
we show that with a reasonable choice of detector tech-
nology, this search can be regarded as background-free.
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On-site experiments: LUXE
• Conceptual Design 

Report, passed 
DESY CD0


• Undergoing CD1 
review

Flash talk: Yee 
Chinn Yap 


"Updates on 
LUXE and 
quantum 

computing" 

https://arxiv.org/abs/2102.02032
https://arxiv.org/abs/2102.02032
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• Building construction for the Wolfgang 
Pauli Center 


• Coherent interfaces between theory and 
experiments for Higgs physics, B-physics 
and new particles models


• Cosmological implications of Higgs and 
dark matter


• Precise predictions for Standard Model 
physics and beyond

It is the mission of the Wolfgang Pauli Centre to be a leading
centre for theoretical physics that pursues and promotes
interdisciplinary research to address the fundamental
challenges in our understanding of matter, materials and the
universe under one organisational roof.
Profiting from its unique embedding in a large-scale research
center, the Wolfgang Pauli Centre fosters international
cooperation as well as a vivid dialogue between theory and
experiment. With its novel setup it serves as a hub for
scientific exchange between all partners and for educating
and training the next generation.
As a lighthouse for theoretical physics in Science City
Bahrenfeld it also seeks dialogue with society in the region
and beyond.

XFEL

CTA

Atlas

Ice
Cube

CMS

ALPS

Belle

LOFAR

FLASH

PETRA

1

Better exploit synergies in TP while maintaining links to experiments

Mission of the Wolfgang Pauli Centre

Fundamental Particles and Forces — Overview, Georg Weiglein, MU Days 2021, 11 / 2021

Topic: Fundamental Particles and Forces (FPF)

Present situation (in a nutshell):


The Higgs-boson discovery at 
the LHC in 2012 has established 
a non-trivial structure of the                                
vacuum, i.e. of the lowest-energy 
state in our universe              


The origin of mass of elementary                            
particles is related to this 
structure: mass arises                              
from the interaction with the 
Higgs field.

2

Who We Are

2

PIs of the proposal

J. Mnich

P. Pani

Theory +
Experiments

Theory

Spokesperson 
and deputy

Topic MU-FPF

§ 2 Helmholtz centers
at 3 locations

§ 158 scientists
§ 78 Ph.D. students
§ 34 MEUR costs / a
§ 42 nationalities                

97% DESY

3% KIT

Two Helmholtz Centres at 
three locations

Higgs physics at Linear Colliders 

Higgs physics at ILC K. Desch - Higgs physics at ILC 2 

Nobel 
Prize 
2013

Flash talk: L. Biermann 

“Electroweak Baryogenesis in 


extended Higgs sectors”

Flash talk: J. Braathen 

“New constraints on extended Higgs 

sectors from the trilinear Higgs coupling”

Theoretical developments 
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Theory highlights

Terascale 23/11/2021 Elina Fuchs (CERN|Hannover|PTB) – Yukawa CP structure 11

Electron’s Electric Dipole Moment
ACME [Nature ‘18]:

Using [Panico, Pomarol, Riembau ‘18], [Brod, Haisch, 
Zupan ‘13], [Brod, Stamou ‘18],...

Global analysis of the CP structure of the       
Higgs-fermion couplings
Comparison with the existing EDM constraints


Analysis of the resulting amount of baryon asymmetry in the universe

Terascale 23/11/2021 Elina Fuchs (CERN|Hannover|PTB) – Yukawa CP structure 15

Complementary (τ): LHC, EDM, EWBG
See also

Brod, Haisch, Zupan ‘13
De Vries, Postma, van de Vis ‘18

EF, Losada, Nir, Viernik ‘19, ‘20, ‘20
Aharony-Shapira 2106..05338

Brod et al (in preparation)
preliminary

Bahl, Bechtle, EF, Heinemeyer, Katzy, Menen, Peters, Weiglein (in preparation) 

Electron electric 
dipole moment

Electroweak 
baryogenesis
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Caveat: “optimistic” scenario, 
large uncertainty
(vev-insertion approximation)
           almost upper bound

Cline, Kainulainen 2001.00568
Cline, Laurent 2108.04249

Postma 2107.05971
Kainulainen 2108.08336

CMS ττ CPV analysisAllowed by 
LHC, EDM, EWBG
      τ can be single source

[H. Bahl et al. ’22, collaboration between 
experiment (ATLAS) and theory]
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Figure 9: Constraints on the CP-even and CP-odd modifiers of (a) the tau-Yukawa, (b)

the bottom-Yukawa, as well as (c) the top-Yukawa interactions based on LHC measure-

ments (black), eEDM limits (red), and the ratio Y
VIA
B

/Y
obs
B

(blue contours and vertical

scale on the right). The green colored areas indicate the parameter regions satisfying the

LHC and eEDM constraints for which Y
VIA
B

/Y
obs
B

� 1.
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Allowed by LHC, 
EDM constraints 
and baryogenesis!

2 Effective model description

2.1 Higgs characterization model

The basis of our investigation is the “Higgs characterization model”, a framework based
on an effective field theory (EFT) approach. This framework allows one to introduce CP-
violating couplings and to perform studies in a consistent, systematic and accurate way, see
e.g. Ref. [68]. The Yukawa part of the Lagrangian is modified with respect to the SM and
reads as

Lyuk = �

X

f=u,d,c,s,t,b,e,µ,⌧

ySM
f

p
2

f̄ (cf + i�5c̃f ) fH, (1)

where H denotes the Higgs boson field and f the fermion fields. The sum runs over all SM
fermions. The coupling ySM

f
is the SM Yukawa coupling of the fermion f ; the parameter cf

parameterizes deviations of the CP-even Hff̄ coupling from the SM, for which cf = 1; the
parameter c̃f is used to introduce a CP-odd Hff̄ coupling, with c̃f = 0 in the SM.

In the literature, the modified Yukawa couplings are also often parameterized in terms
of an absolute value |gf | and a CP-violating phase ↵f ,

|gf | ⌘

q
c2
f

+ c̃2
f
, tan ↵f =

c̃f

cf

. (2)

In addition to modifications of the Yukawa Lagrangian, we also allow for an SU(2)L con-
serving modification of the Higgs interaction with massive vector bosons,

LV = cV H

✓
M2

Z

v
ZµZ

µ
+ 2

M2
W

v
W+

µ
W�µ

◆
. (3)

Here, Z and W are the massive vector boson fields with the masses MZ and MW , respectively,
and v ' 246 GeV is the Higgs vacuum expectation value. The SM interaction is rescaled by
the parameter cV , which is equal to one in the SM.1

We further include the following operators to parameterize the effect of additional BSM
particles affecting the Higgs production via gluon fusion and the Higgs decay into two pho-
tons,

LHgg,H�� = �
1

4v
H

⇣
�

↵s

3⇡
cgG

a

µ⌫
Ga,µ⌫

+
↵s

2⇡
c̃gG

a

µ⌫
eGa,µ⌫

⌘

�
1

4v
H

✓
47↵

18⇡
c�Aµ⌫A

µ⌫
+

4↵

3⇡
c̃�Aµ⌫

eAµ⌫

◆
, (4)

where Ga

µ⌫
and Aµ⌫ are the gluon and photon field strengths, respectively. Here ↵s =

g2
3/4⇡, where g3 is the strong gauge coupling, and ↵ = e2/4⇡, where e is the elementary

1
The Higgs interaction with massive vector bosons can also be modified by introducing additional non-

SM-like operators (e.g. Zµ⌫Z
µ⌫

H, where Zµ⌫ is the field strength of the Z boson). However, we decided not

to include these operators to keep the focus on the Higgs interaction with fermions.

5

Could work    
even for the 
case where CP 
violation occurs  
just in the ! 
coupling (in 
optimistic 
scenario)!

Can predict correct amount of baryon asymmetry!⇒

Constraining the CP 
structure of Higgs-
fermion couplings

• Comparison with existing 

EDM constraints 

• Could work for CP 

violation just in the t 
couplings (optimistic 
scenario)


• Collaboration between 
experiment (ATLAS) and 
theory

Eur.Phys.J.C 82 (2022) 7, 604

https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%202202.11753
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Bonus: Gravitational wave experiments & particle physics
• Task force assessed particle physics 

opportunities of high-frequency 
Gravitational Waves


• Good potential in the exploitation of  local 
axion experiments (and infrastructures) for 
the detection of coherent (in the plot) and 
stochastic sources of GW


• Explore further local follow-ups based on 
levitated sensors and SRF cavities


‣ R&D required

‣ large additional sensitivity

21

Sources:
Planetary or asteroid mass primordial black holes (PBH)
Stellar mass Black Holes (SMBH)
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Looking forward to the exciting scientific program ahead!

Conclusions



backup
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4

2022 Overview (so far)

April May June July August September October November

September 23rd

Restart with longest ever fill
for LHCf special run

November 28th

End of 2022 run

LHC run 3 so far
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