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Professors
• Laura Baudis
• Philippe Jetzer
• Ben Kilminster
• Prasenjit Saha

https://www.physik.uzh.ch/en/research/baudis.html
https://www.physik.uzh.ch/en/research/jetzer.html
https://www.physik.uzh.ch/en/research/kilminster.html
https://www.physik.uzh.ch/en/research/saha.html


• Direct dark matter detection via NRs, ERs, absorption: WIMPs, light DM, 
ALPs and dark photons; solar axions 

• Neutrino physics: double beta decay, double electron capture, solar 
neutrinos (pp, 8B), supernova neutrinos 

• Detector R&D: Two-phase xenon TPCs, HPGe detectors, photosensors 
(PMTs, SiPMs), WLSR for liquid argon

• Material radio-assay: HPGe detector (Gator) at LNGS

Astroparticle physics
Group Baudis: https://www.physik.uzh.ch/en/groups/baudis.html

Xenoscope at UZH: DARWIN demonstratorThe XENONnT TPCLEGEND 76Ge detectors DARWIN: design and R&D

https://www.physik.uzh.ch/en/groups/baudis.html


• Professors
• Florencia Canelli
• Thomas Gehrmann
• Massimiliano Grazzini
• Gino Isidori
• Ben Kilminster
• Stefano Pozzorini
• Nicola Serra
• Adrian Signer
• SNF and ERC professors
• Cristina Botta
• Lea Caminada
• Andreas Crivellin

https://www.physik.uzh.ch/en/research/canelli.html
https://www.physik.uzh.ch/en/research/gehrmann.html
https://www.physik.uzh.ch/en/research/grazzini.html
https://www.physik.uzh.ch/en/research/isidori.html
https://www.physik.uzh.ch/en/research/kilminster.html
https://www.physik.uzh.ch/en/research/pozzorini.html
https://www.physik.uzh.ch/en/research/serra.html
https://www.physik.uzh.ch/en/research/signer.html
https://www.physik.uzh.ch/en/research/caminada.html
https://www.physik.uzh.ch/en/research/crivellin.html


• Multi-loop amplitudes in QCD
• Computer algebra techniques for particle physics 

(packages: HPL, HypExp, Reduze, FiniteFlow)
• Fully exclusive second order (NNLO) QCD:  NNLOJET 

parton-level event generator
• Precision phenomenology

Higgs couplings
Electroweak parameters
parton distributions and αs

2

2

1

3

4

5

(a)
penta-box

1

2

3

4 5

(b)
hexa-box

1

2 4

5

3

k1 k2

(c)
double-pentagon

FIG. 1: Integral topologies for massless five-particle
scattering at two loops.

pi are massless external momenta. We also introduce
the parity-odd invariant ε5 as

ε5 = tr
[
γ5/p1/p2/p3/p4

]
. (1)

We denote the loop momenta for the double-pentagon
family by k1 and k2, defined as shown in Fig. 1c.
The inverse propagators are

D1 = k21 , D2 = (−p1 + k1)2 ,

D3 = (−p1 − p2 + k1)2 , D4 = k22 ,

D5 = (p4 + p5 + k2)2 , D6 = (p5 + k2)2 ,

D7 = (k1 − k2)2 , D8 = (p3 + k1 − k2)2 ,

D9 = (p5 + k1)2 , D10 = (−p1 + k2)2 ,

D11 = (−p1 − p2 + k2)2 ,

(2)

where D9, D10 and D11 are irreducible scalar products
(ISPs).

LEADING SINGULARITIES AND UNIFORM
TRANSCENDENTAL WEIGHT INTEGRALS

The integrals of the double-pentagon family, shown in
Fig. 1c, can be related through integration-by-parts re-
lations [34–36] to a basis of 108 master integrals. Out of
these, 9 are in the so-called top sector, namely they have
all 8 possible propagators. Our goal is therefore to find
108 linearly independent UT integrals.
The integrals of the sub-topologies are already known,

because they are either sub-topologies of the penta-
box [9, 29] and of the hexa-box [30] families, or they
correspond to sectors with less than five external mo-
menta [37, 38]. In order to complete the UT basis, we
begin by searching for four-dimensional d log integrals,
which are closely related to UT integrals [24].
An #-loop four-dimensional d log integral is an integral

whose four-dimensional integrand Ω can be cast in the
form

Ω =
∑

I=(i1,...,i4!)

cI d logRi1 ∧ . . . ∧ d logRi4! , (3)

where the Q-valued constants cI are the leading singu-
larities of Ω.

In order to perform the loop integration in D = 4− 2ε
dimensions, where ε is the dimensional regulator, it is
necessary to clarify how the integrand is to be defined
away from four dimensions. For example, one may sim-
ply “upgrade” the loop momenta from 4-dimensional to
D-dimensional (abbreviated as 4d and Dd) ones. We
call this the “näıve upgrade” of a 4d integrand. While
this method is quite powerful in finding a UT basis,
and indeed it has already found many successful appli-
cations [23, 39], the freedom involved in the upgrade can
become important, especially for integrals with many
kinematic scales. We first review the four-dimensional
analysis, and then provide a method of fixing the free-
dom, while maintaining the advantages of the canonical
differential equations method.
In this Letter, we use two techniques to find 4d d log

integrals.
(1) The algorithm [25], which can decide if a given

rational integrand can be cast in d log form (3). Starting
from a generic ansatz for the numerator, this algorithm
can classify all possible 4d d log integrals in a given family.
(2) Using computational algebraic geometry, we con-

sider a generic ansatz for the numerator Neven =∑
α cαmα of the parity-even, or Nodd =

∑
α cαmα/ε5 of

the parity-odd d log integrals. Each cα is a polynomial in
sij , and mα is a monomial in the scalar products. By re-
quiring the 4d leading singularities of the ansatz to match
a given list of rational numbers, we can use the module
lift techniques [40] in computational algebraic geometry
to calculate all cα and to obtain a 4d d log basis. This
method usually needs only a very simple ansatz, and the
module lift can then be performed through the computer
algebra system Singular [41].
One interesting phenomenon is that, for the double-

pentagon family, the näıve upgrade of a 4d d log integral
is in general not UT. Let us take the 4d d log integrals
presented in Ref. [42] as examples. The sum of the first
and the fifth d log integral numerators for the double-
pentagon diagram in Ref. [42], which we denote by B1 +
B5, does not yield a UT integral after the näıve upgrade.
This can be assessed from the explicit computation of the
differential equation.
The obstruction of the näıve upgrade implies that, in

order to obtain UT integrals, we have to consider terms
in the integrands which vanish as D = 4. These terms
can be conveniently constructed from Gram determinants
involving the loop momenta k1 and k2,

Gij = G

(
ki, p1, p2, p3, p4
kj , p1, p2, p3, p4

)

, with i, j ∈ {1, 2} . (4)

An integrand whose numerator is proportional to a com-
bination of the different Gij explicitly vanishes in the
D → 4 limit. UT integral criteria based on 4d cuts or 4d
d log constructions can not detect these Gram determi-
nants, and may yield inaccurate answers on whether an

https://www.physik.uzh.ch/en/groups/gehrmann.html



Our group performs accurate theoretical calculations for benchmark 
processes at the LHC and implements them in flexible tools that are 
eventually made available to the community arXiv:2102.13601 
Recent highlights: top and bottom production at NNLO in QCD

https://www.physik.uzh.ch/en/groups/grazzini.html



The (theoretical) research activity of our group deals with 
some of the most interesting open questions about the 
nature of basic constituents of matter and their 
fundamental interactions, in close connection with 
experimental activities in particle physics.

Main questions we are investigating these days:
• Theoretical interpretations of the flavor anomalies & 

implications
• Building SM extensions explaining the origin 

elementary particle masses
• Unification of fundamental forces, nature of dark 

matter, origin of neutrino masses

https://www.physik.uzh.ch/en/groups/isidori.html



CMS experiment at CERN
Group Botta: https://www.physik.uzh.ch/en/groups/botta.html

Searches for New Physics signatures related to WIMP Dark Matter in 
“compressed spectra”

an experimentally challenging region of the parameter space 
where Supersymmetry can still be light.

Invoveld in the upgrade of the CMS L1 Trigger
the L1 Trigger logic and architecture, instrumented by custom 
hardware processor boards, need to be completely redesigned to 
face the high luminosity challenge.

PRIMA professor

https://www.physik.uzh.ch/en/groups/botta.html


CMS experiment at CERN
Group Canelli: https://www.physik.uzh.ch/en/groups/canelli.html

With special interest in top quark and Higgs boson physics, 
new direct searches for new physics

Development of multivariate algorithms and methods

Currently designing and prototyping a new pixel detector 
for HL-LHC: TEPX

Exploit LHC data to search for yet undiscovered particles 
and do precision measurements which might give hints to 
new physics

https://www.physik.uzh.ch/en/groups/canelli.html


CMS experiment at CERN; Mu3e experiment 
Group Caminada: https://www.physik.uzh.ch/en/groups/caminada.html

CMS@LHC
• Physics analysis with a focus on SM processes with heavy 

quarks (t,b,c) and Higgs boson
• Development, construction and upgrade of CMS silicon 

pixel detectors
mu3e@PSI
• Data analysis and pixel detector mechanical design and 

construction
R&D for silicon pixel detectors
• Radiation tolerance, high-rate 
application, timing capability

CMS

mu3e

Eccelenza professor, jointly with PSI

https://www.physik.uzh.ch/en/groups/caminada.html


CMS experiment at CERN; DAMIC experiment
Group Kilminster: https://www.physik.uzh.ch/en/groups/kilminster.html

General strategy :  Students and postdocs have opportunity to work 
on both physics and detectors 

CMS :  
Physics analysis : 
• Direct / indirect searches for Lepton Flavor Universality 

Violation
• New physics with tau leptons
Detectors : 
• Silicon pixel detectors
• Precision timing detectors (LGADs)

DAMIC (Dark Matter in CCDs) :
Physics analysis : 
• Searching for DM using radiation damage
• Search for hidden sector DM
Detector : 
• New Experiment in Modane

Phase-1 
CMS pixel 
system

Laser TCT 
time/position 
resolution R&D

CMS pixel 
DAQ

CMS phase-
2 pixel DAMIC 

teststand

CMS LQ 
search 
testing 
LHCb
anomalies

CMS search for diboson
resonances

DAMIC 3σ excess 
low-mass DM 

https://www.physik.uzh.ch/en/groups/kilminster.html


LHCb experiment at CERN, Mu3e and SND experiments
Group Serra: https://www.physik.uzh.ch/en/groups/baudis.html

Test lepton universality in two different types of decays.

Strong connection with the group of Prof. Isidori with shared 
projects on flavour physics phenomenology.

Working on the tracker upgrades of the LHCb experiment.

Also involved in the Mu3e and SND experiments.

https://www.physik.uzh.ch/en/groups/baudis.html

