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IPPP: recollections on neutrinos 
and related topics
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Silvia Pascoli



I came to Durham to a neutrino workshop in 2004.
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First trip to Durham

I got an 
excellent 

impression of 
Durham.

The search 
for 0nuBB is 
still ongoing!



I was hired to fill the “neutrino” post in 2005. 

3

First years

0 –

Neutrino physics:

recent discoveries and

questions for the future

IPPP - Durham

9 May 2005

Silvia Pascoli
CERN

6 – Conclusions and outlook

6 – Conclusions and outlook

•We have strong evidence for neutrino oscillations. They imply that
Neutrinos are massive (∆m2 ̸= 0) and that they mix (sin θ ̸= 0).

Neutrino masses and mixing requires new physics beyond the SM.

Neutrino physics may shed light on the physics at high energy scales

(and possibly on the evolution of our Universe).

1. determination of neutrino parameters: my activity concentrates on LBL
and (ββ)0ν -decay exp.

2. explanation of the origin of neutrino masses and of the flavour structure: I
study see-saw models and their implications for low energy parameters
and leptogenesis.

3. study of the role of neutrinos in Cosmology and Astrophysics.

I was allowed and 
expected to lead this 

area of research.



@Silvia Pascoli

Neutrinos
● Neutrino masses imply new physics BSM. Their 
origin is a necessary ingredient for the newSM.

● The least know of all SM 
fermions.

● Their nature is related to
 fundamental symmetries 
of nature.

● The most abundant of all 
fermions in the Universe.

● Neutrino mass models can explain the baryon 
asymmetry of the Universe.4

JUNO INO
Will measure the rate 
at which antineutrinos 
of different energies 
created at the 
Yangjiang and Taishan 
nuclear power plants 
(53 kilometres apart) 
switch flavour to 
calculate the 
differences between 
mass states. 

DUNE Hyper-Kamiokande
Will send neutrinos of 
different energies from 
Fermilab to the 
Sanford Underground 
Research Facility in 
South Dakota. 
Physicists will record 
differences in the way 
neutrinos and 
antineutrinos oscillate 
and how this depends 
on their energy. 

Neutrinos and 
antineutrinos will travel 
from the Japan Proton 
Accelerator Research 
Complex (J-Parc) in 
Tokaimura. Particles 
will be of a single 
energy, selected to 
maximize the detection 
of flavour switching 
over the distance from 
J-Parc.

A neutrino (ν), or its antimatter 
counterpart the antineutrino, is 
always produced alongside an 
electron (e) or one of the electron’s 
heavier cousins, the muon (μ) or tau 
(τ) particle — and the presence of 
this partner particle gives the 
neutrino a ‘flavour’.

Unlike electrons, muons and tau 
particles, neutrinos do not have 
definite masses. Instead, every 
neutrino is a mixture — or quantum 
superposition — of three ‘mass 
states’, and those states mix in 
different proportions to make different 
flavours.

Neutrinos are everywhere, 
generated by a variety of 
processes.

Fusion of hydrogen nuclei 
to form helium in the Sun.
 

Supernovae and collisions 
between cosmic rays and 
air particles in Earth’s 
atmosphere.

Particle accelerators 
smashing protons 
into a target and 
fission from the 
radioactive decay of 
elements inside 
nuclear reactors.

A major puzzle is why the Universe is 
filled with matter, rather than antimatter. 
Differences in how neutrinos and 
antineutrinos oscillate between flavours 
as they travel could provide a clue.

Some theories propose a fourth, sterile, neutrino. 
If it exists, it would interact with matter even more 
weakly than the other flavours, and could account 
for the as-yet-undetected dark matter that is 
thought to make up 85% of all the matter in the 
Universe. If neutrinos mysteriously ‘disappear’ at 
a detector, that could be a sign that they have 
switched into sterile neutrinos.

ν
Although physicists know that neutrinos exist in 
three different mass states, which state is the 
lightest and which is the heaviest remains a 
mystery. Knowing that would help scientists to 
decide between rival theories about how the four 
forces of nature unite as a single force at high 
energies, similar to those experienced in the 
moments after the Big Bang.

Physicists know the differences 
between the first and second and 
the first and third mass states. 
They also know that that the 
second mass state is bigger than 
the first. That leaves just two 
possibilities for the hierarchy:

20,000 tonnes of 
‘liquid scintillator’  
lights up when 
neutrinos hit

50,000 tonnes of 
magnetic iron 
plates distinguish 
neutrino from 
antineutrino strikes 

40,000 tonnes of liquid 
argon produces 
electrons and light when 
neutrinos hit

295 km1,300 km

1 megatonne of 
water shows cones 
of light where 
neutrinos hit

Status: Construction begun
Cost: $330 million
Sits under 700 metres of rock.

Status: Funding approved
Cost: $233 million
Will be largest experimental 
basic-science facility in India.

Jiangmen Underground Neutrino 
Observatory (JUNO), China

Status: Planned
Cost: About $800 million
Will be the world’s largest neutrino 
detector — it is 25 times bigger than 
its predecessor, Super-Kamiokande.

Status: Planned
Cost: US$1 billion
Will make highest-energy 
neutrinos of any experiment.

Deep Underground Neutrino 
Experiment  (DUNE), United States

Hyper-Kamiokande, Japan

India-based Neutrino 
Observatory (INO), India

AN UNCONVENTIONAL PARTICLE

NEUTRINO
FACTORIES

WHERE THEY
WILL BE DETECTED

BIG QUESTIONS
What is the mass hierarchy? Why is there so little antimatter? Is there a ‘sterile’ neutrino?

ν

νeνe

As a neutrino travels, each state contributes to 
its mass at a varying rate, causing the neutrino 
to change flavour over time. The frequency of 
the changes depends on the differences 
between the mass states, the neutrino’s 
energy and parameters that govern how the 
states are allowed to mix.

νμνe ντ

Mass states Time

2020 2025

Flavours

? ?NORMAL

1

2

3

3 1 2

31 2

νμ ντ

Will detect neutrinos 
and antineutrinos 
produced by cosmic 
rays from the other side 
of Earth. If the journey 
boosts neutrino 
switching, this implies a 
normal mass hierarchy; 
if antineutrino switching 
speeds up, the inverted 
hierarchy is likely.

Sun

Supernovae

Nuclear fission

INVERTED

A s researchers at CERN, Europe’s particle-physics laboratory 
near Geneva, dream of super-high-energy colliders to explore 
the Higgs boson, their counterparts in other parts of the world 
are pivoting towards a different subatomic entity: the neutrino.  

Neutrinos are more abundant than any particle other than 
photons, yet they interact so weakly with other matter that every 
second, more than 100 billion stream — mainly unnoticed — 
through every square centimetre of Earth. Once thought to be 
massless, they in fact have a minuscule mass and can change type as 
they travel, a bizarre and entirely unexpected feature that physicists 
do not fully understand (see ‘An unconventional particle’). Indeed, 
surprisingly little is known about the neutrino. “These are the most 
ubiquitous matter particles in the Universe that we know of, and 
probably the most mysterious,” says Nigel Lockyer, director of the 

Fermi National Accelerator Laboratory (Fermilab) in Batavia, Illinois.
Four unprecedented experiments look poised to change this. 

Two — one in China and one in India — already have the go-ahead, 
and plans to erect detectors in Japan and the United States are in 
the works (see ‘Where they will be detected’). Buried underground 
to prevent interference from other particles, all four are designed to 
detect many more neutrinos, and to probe the switching process in 
more detail, than any existing experiment.

The results are expected to feed into some of the most 
fundamental questions in cosmology (see ‘Flurry of experiments’). 
Some of the experiments will make their own neutrinos; all will use 
any they can capture from the Sun or from supernova explosions. 
“The age of the neutrino,” Lockyer says, “could go on for a very 
long time.”

Age of the

NEUTRINO

The detectors in China (JUNO) 
and India (INO) are designed 
to untangle the relationship 
between the three mass states, 
with implications for the origins 
of the forces of nature. By 
contrast, DUNE in the United 
States and Hyper-Kamiokande 
in Japan aim to spot differences 
in how neutrinos and 
antineutrinos oscillate between 
flavours. That could solve a 
second cosmological puzzle: 
why the Universe is made up of 
matter rather than antimatter. 
All four detectors will also hunt 
for a hypothesized ‘sterile’ 
neutrino.

Flurry of  
experiments

B Y  E L I Z A B E T H  G I B N E Y
G R A P H I C  B Y  N I G E L  H AW T I N

1 4 8  |  N A T U R E  |  V O L  5 2 4  |  1 3  A U G U S T  2 0 1 5 1 3  A U G U S T  2 0 1 5  |  V O L  5 2 4  |  N A T U R E  |  1 4 9
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Neutrinos can change flavour as they travel.

electron

Neutrino oscil lations have now been 
established for more than 25 years.
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How has the field 
evolved over these 

past 25 years?  
And what role has 

IPPP had?  
(with examples of IPPP articles, 
apologies for not mentioning all)
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● 2 mass squared differences 
● 3 sizable mixing angles, 
●  mild hints of CPV
●  mild indications in favour of NO (m3>m1).

M. C. Gonzalez-Garcia et al., 2410.05380
http://www.nu-fit.org/

NuFIT 6.0 (2024)
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Normal Ordering (��2 = 0.6) Inverted Ordering (best fit)

bfp ±1� 3� range bfp ±1� 3� range

sin2 ✓12 0.307+0.012
�0.011 0.275 ! 0.345 0.308+0.012

�0.011 0.275 ! 0.345

✓12/
� 33.68+0.73

�0.70 31.63 ! 35.95 33.68+0.73
�0.70 31.63 ! 35.95

sin2 ✓23 0.561+0.012
�0.015 0.430 ! 0.596 0.562+0.012

�0.015 0.437 ! 0.597

✓23/
� 48.5+0.7

�0.9 41.0 ! 50.5 48.6+0.7
�0.9 41.4 ! 50.6

sin2 ✓13 0.02195+0.00054
�0.00058 0.02023 ! 0.02376 0.02224+0.00056

�0.00057 0.02053 ! 0.02397

✓13/
� 8.52+0.11

�0.11 8.18 ! 8.87 8.58+0.11
�0.11 8.24 ! 8.91

�CP/
� 177+19

�20 96 ! 422 285+25
�28 201 ! 348

�m2
21

10�5 eV2 7.49+0.19
�0.19 6.92 ! 8.05 7.49+0.19

�0.19 6.92 ! 8.05

�m2
3`

10�3 eV2 +2.534+0.025
�0.023 +2.463 ! +2.606 �2.510+0.024

�0.025 �2.584 ! �2.438
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Normal Ordering (best fit) Inverted Ordering (��2 = 6.1)

bfp ±1� 3� range bfp ±1� 3� range

sin2 ✓12 0.308+0.012
�0.011 0.275 ! 0.345 0.308+0.012

�0.011 0.275 ! 0.345

✓12/
� 33.68+0.73

�0.70 31.63 ! 35.95 33.68+0.73
�0.70 31.63 ! 35.95

sin2 ✓23 0.470+0.017
�0.013 0.435 ! 0.585 0.550+0.012

�0.015 0.440 ! 0.584

✓23/
� 43.3+1.0

�0.8 41.3 ! 49.9 47.9+0.7
�0.9 41.5 ! 49.8

sin2 ✓13 0.02215+0.00056
�0.00058 0.02030 ! 0.02388 0.02231+0.00056

�0.00056 0.02060 ! 0.02409

✓13/
� 8.56+0.11

�0.11 8.19 ! 8.89 8.59+0.11
�0.11 8.25 ! 8.93

�CP/
� 212+26

�41 124 ! 364 274+22
�25 201 ! 335

�m2
21

10�5 eV2 7.49+0.19
�0.19 6.92 ! 8.05 7.49+0.19

�0.19 6.92 ! 8.05

�m2
3`

10�3 eV2 +2.513+0.021
�0.019 +2.451 ! +2.578 �2.484+0.020

�0.020 �2.547 ! �2.421

2 – Neutrino oscillations - Experiments

MINOS, (first data March 31), confirmed the oscillation
hypothesis.

http://www.nu-fit.org/


What is the nature of neutrinos? Dirac vs Majorana? 
 

What are the values of the masses? Absolute scale 
(KATRIN, ...?) and the ordering.

Is there CP-violation? Its discovery
 in the next generation of LBL 
depends on the value of delta.

What are the precise values  
of mixing angles? Do they suggest 
an underlying pattern? 

Is the standard picture correct? Are there NSI? Sterile 
neutrinos? Other effects?

•

•

•

•

•
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What do we still need to know?

Neutrinoless 
dbeta decay

LBL: T2K, NOvA, 
DUNE, T2HK, ESSnuSB, 
nuFACT..., ORCA, 
JUNO

reactor SBL and MBL, 
atm, LBL, ...

MicroBooNE, SBN, reactor SBL...

⌫ = ⌫c(= C⌫̄T )
<latexit sha1_base64="ijLJO6DWZl4+fND6SumIwPuBF00=">AAACGXicbVDLSgMxFM34rPU16lKEYBHqpsyIoJtCsRuXFfqCzrRk0kwbmskMSUYYhln5GX6BW/0Cd+LWlR/gf5i2s7CtBxJOzrmXe3O8iFGpLOvbWFvf2NzaLuwUd/f2Dw7No+O2DGOBSQuHLBRdD0nCKCctRRUj3UgQFHiMdLxJfep3HomQNORNlUTEDdCIU59ipLQ0MM8cHsMq1Hcfw3IV1qHjIZHqd9ZvXg7MklWxZoCrxM5JCeRoDMwfZxjiOCBcYYak7NlWpNwUCUUxI1nRiSWJEJ6gEelpylFApJvOvpHBC60MoR8KfbiCM/VvR4oCKZPA05UBUmO57E3F/7xerPxbN6U8ihXheD7IjxlUIZxmAodUEKxYognCgupdIR4jgbDSyS1M8UnCgyjTudjLKayS9lXFtir2w3WpdpcnVACn4ByUgQ1uQA3cgwZoAQyewAt4BW/Gs/FufBif89I1I+85AQswvn4Buvefog==</latexit><latexit sha1_base64="ijLJO6DWZl4+fND6SumIwPuBF00=">AAACGXicbVDLSgMxFM34rPU16lKEYBHqpsyIoJtCsRuXFfqCzrRk0kwbmskMSUYYhln5GX6BW/0Cd+LWlR/gf5i2s7CtBxJOzrmXe3O8iFGpLOvbWFvf2NzaLuwUd/f2Dw7No+O2DGOBSQuHLBRdD0nCKCctRRUj3UgQFHiMdLxJfep3HomQNORNlUTEDdCIU59ipLQ0MM8cHsMq1Hcfw3IV1qHjIZHqd9ZvXg7MklWxZoCrxM5JCeRoDMwfZxjiOCBcYYak7NlWpNwUCUUxI1nRiSWJEJ6gEelpylFApJvOvpHBC60MoR8KfbiCM/VvR4oCKZPA05UBUmO57E3F/7xerPxbN6U8ihXheD7IjxlUIZxmAodUEKxYognCgupdIR4jgbDSyS1M8UnCgyjTudjLKayS9lXFtir2w3WpdpcnVACn4ByUgQ1uQA3cgwZoAQyewAt4BW/Gs/FufBif89I1I+85AQswvn4Buvefog==</latexit><latexit sha1_base64="ijLJO6DWZl4+fND6SumIwPuBF00=">AAACGXicbVDLSgMxFM34rPU16lKEYBHqpsyIoJtCsRuXFfqCzrRk0kwbmskMSUYYhln5GX6BW/0Cd+LWlR/gf5i2s7CtBxJOzrmXe3O8iFGpLOvbWFvf2NzaLuwUd/f2Dw7No+O2DGOBSQuHLBRdD0nCKCctRRUj3UgQFHiMdLxJfep3HomQNORNlUTEDdCIU59ipLQ0MM8cHsMq1Hcfw3IV1qHjIZHqd9ZvXg7MklWxZoCrxM5JCeRoDMwfZxjiOCBcYYak7NlWpNwUCUUxI1nRiSWJEJ6gEelpylFApJvOvpHBC60MoR8KfbiCM/VvR4oCKZPA05UBUmO57E3F/7xerPxbN6U8ihXheD7IjxlUIZxmAodUEKxYognCgupdIR4jgbDSyS1M8UnCgyjTudjLKayS9lXFtir2w3WpdpcnVACn4ByUgQ1uQA3cgwZoAQyewAt4BW/Gs/FufBif89I1I+85AQswvn4Buvefog==</latexit><latexit sha1_base64="ijLJO6DWZl4+fND6SumIwPuBF00=">AAACGXicbVDLSgMxFM34rPU16lKEYBHqpsyIoJtCsRuXFfqCzrRk0kwbmskMSUYYhln5GX6BW/0Cd+LWlR/gf5i2s7CtBxJOzrmXe3O8iFGpLOvbWFvf2NzaLuwUd/f2Dw7No+O2DGOBSQuHLBRdD0nCKCctRRUj3UgQFHiMdLxJfep3HomQNORNlUTEDdCIU59ipLQ0MM8cHsMq1Hcfw3IV1qHjIZHqd9ZvXg7MklWxZoCrxM5JCeRoDMwfZxjiOCBcYYak7NlWpNwUCUUxI1nRiSWJEJ6gEelpylFApJvOvpHBC60MoR8KfbiCM/VvR4oCKZPA05UBUmO57E3F/7xerPxbN6U8ihXheD7IjxlUIZxmAodUEKxYognCgupdIR4jgbDSyS1M8UnCgyjTudjLKayS9lXFtir2w3WpdpcnVACn4ByUgQ1uQA3cgwZoAQyewAt4BW/Gs/FufBif89I1I+85AQswvn4Buvefog==</latexit>
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J. Lopez-Pavon, SP, C-F Wong, 
1209.5342, See works with M. Mitra

It remains an open 
question but there a much 
more intense search. 
Problem of NME.

APPEC 0nuBB 
Committee, 1910.04688

Approaches and experiments 

Fluid 
embedded 

source 

Crystal 
embedded 

source 

Sc
al

ab
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Xe-based 
TPC 

Liquid 
scintillator 
as a matrix 

Germanium 
diodes 

Bolometers 

EXO-200 

NEXT-10 

KamLAND-Zen 800 

SNO+ phase I 

GERDA-II 

MJD 

AMoRE pilot, I 

CUORE 
CUPID-0, CUPID-Mo 

nEXO 

NEXT-100 
PandaX-III 

KamLAND2-Zen 

SNO+ phase II 

LEGEND 200 LEGEND 1000 

AMoRE II 

CUPID 

NOW MID-TERM LONG-TERM 

NEXT-2.0 
PandaX-III 1t 

source = detector 

A. Giuliani, Neutrino 2018

SuperNEMO

Neutrinoless double beta decay
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The quest for MO and CPV: LBL exp

People involved: C. 
Orme, P. Ballett, S. 
Palomares-Ruiz, SP, 
Contribution to 
IDS-NF and later 
NuSTORM.

In 2000-2010 great emphasis on pheno studies of 
physics reach of LBL experiments.

An intense effort by the exp community to focalise 
the next gen experiments.

LAGUNA-LBNO
15$17/12/2014# BCC#$#NuPhys2014,#Queen#Mary$University#of#London,#UK# 4#

"""""""""""""""""""LBNE"Design""

1.2$MW$Proton$Beam$(PIP2II)$
Upgradeable$to$≥$2.4$MW$

Magne;zed,$low2density$$
fine2grained$tracker$

34$kt$fiducial$mass$$
single2phase$LAr$TPC$$
Depth$=$4300$m.w.e$

Super-Kamiokande IV
Run 999999 Sub 0 Event 458 
10-02-15:01:36:54
Inner: 3366 hits, 8116 pe
Outer: 7 hits, 5 pe
Trigger: 0x03
D_wall: 1443.6 cm
e-like, p = 898.6 MeV/c

Charge(pe)
    >26.7
23.3-26.7
20.2-23.3
17.3-20.2
14.7-17.3
12.2-14.7
10.0-12.2
 8.0-10.0
 6.2- 8.0
 4.7- 6.2
 3.3- 4.7
 2.2- 3.3
 1.3- 2.2
 0.7- 1.3
 0.2- 0.7
    < 0.2

0 500 1000 1500 2000
0

280

560

840

1120

1400
0 mu-e
decays

0 500 1000 1500 2000
0

280

560

840

1120

1400

Times (ns)

Super-Kamiokande IV
Run 999999 Sub 0 Event 209 
10-02-17:16:23:39
Inner: 3136 hits, 6453 pe
Outer: 3 hits, 2 pe
Trigger: 0x03
D_wall: 1218.7 cm
e-like, p = 701.5 MeV/c

Charge(pe)
    >26.7
23.3-26.7
20.2-23.3
17.3-20.2
14.7-17.3
12.2-14.7
10.0-12.2
 8.0-10.0
 6.2- 8.0
 4.7- 6.2
 3.3- 4.7
 2.2- 3.3
 1.3- 2.2
 0.7- 1.3
 0.2- 0.7
    < 0.2

0 500 1000 1500 2000
0

260

520

780

1040

1300
0 mu-e
decays

0 500 1000 1500 2000
0

260

520

780

1040

1300

Times (ns)

e

νe CCsimulation

NC 1π 0simulation
π0

γ

γ
small opening 

angle

ν
μ

π0→γγ

24

• For νe appearance in J-PARC νμ beam
• high 60% νe signal efficiency
• >99.9% νμCC rejection, 99% NC π0 
rejection

• opportunity to improve more

Detector performance for J-PARCν

rec
S
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eSqRSSignal
eSqRSSignal

eS + eSBeam
RS + RSBeam:

 modeSAppearance

(GeV)

S/N~10@peak

DUNE in 
prep, with 
Durham U. 
membership

T2K 
running 
and 
T2HK in 
prep
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The quest for MO and CPV: LBL exp

People involved: C. 
Orme, P. Ballett, S. 
Palomares-Ruiz, SP, 
Contribution to 
IDS-NF and later 
NuSTORM.
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• For νe appearance in J-PARC νμ beam
• high 60% νe signal efficiency
• >99.9% νμCC rejection, 99% NC π0 
rejection

• opportunity to improve more

Detector performance for J-PARCν
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S
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Great collaboration/discussio
ns with UK 

experim
entalists

: 0nuBB, LBL, NA62, NA64, 

MicroBooNE
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Testing the standard 3-neutrino picture

Are there sterile neutrinos? Non-standard 
interactions? Using neutrinos as a portal BSM.
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Fig. 8. The 90 % C.L. sensitivity regions for dominant mixings |UeN |2 (top left), |UµN |2 (top
right), and |U⌧N |2 (bottom) are presented combining results for channels with good detection
prospects. The study is performed for Majorana neutrinos (solid) and Dirac neutrinos (dashed),
assuming no background. The region excluded by experimental constraints (brown) is obtained by
combining the results from PS191 [56, 57], peak searches [52, 54, 55], CHARM [59], NuTeV [61],
DELPHI [60], and T2K [73]. The sensitivity for DUNE ND (black) is compared to the predictions
of future experiments, SBN [74] (blue), SHiP [110] (red), and NA62 [106] (green). The shaded
areas corresponds to possible neutrino mass models considered in this article: the simulations of
the ISS (2,2) and ISS (2,3) models where the lightest pseudo-Dirac pair is the neutrino decaying in
the ND (cyan); the ISS (2,3) scenario when the single Majorana state is responsible for a signal
(magenta); the type I seesaw scenario with a neutrino mass starting from 20 meV to 0.2 eV (yellow).

sufficient precision. The neutrino spectrum component coming from the D
s

meson allows
for weaker sensitivity to masses above the neutral kaon mass. We conducted the sensitivity
study for both scenarios, in which either a Majorana or a Dirac neutrino is the decaying
particle.

To appreciate the ND performance, we make a comparison with results of previous ex-
periments, in particular PS191 [56, 57], peak searches [52, 54, 55], CHARM [59], NuTeV [61],

– 32 –

Ballett, Boschi, SP, 
1905.00284

With new exp 
opportunities, this area of 
research is blooming. 
MicroBooNE, ICARUS, 
SBND are ongoing.

Collaboration 
with 
MicroBooNE.
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What can neutrino 
tell us about the 

most fundamental 
rules of Nature?  

Game-changing 
information 



@Silvia Pascoli

In the SM neutrino masses cannot be explained.

Open window on Physics beyond the SM

Why neutrinos have mass? 
and why are they so much lighter than other fermions?
Problem of flavour: Why leptonic mixing is so 
different from quark mixing?

14

@Ghosts in the Universe, Exhibition at the 
Royal Society with M. Stadler, C. Weiland, R. 
Ruiz, P. Ballett, Y-L Zhou and all the IPPP 
neutrino team

Neutrinos give a new perspective on physics BSM.
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The search of the origin of neutrino masses remains a 
key goal. In 2000’s the emphasis was on high see-saw.

Problem of 
leptonic 
flavour.

The field has 
broadened and 
now intense study 
of lower scales 
and in connection 
with other areas.

Neutrino mass origin: A new physics scale
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MeV GeV TeV GUT scalekeVeV Intermediate scale

LHC searches  GW from U(1)L 
breaking

LLP searches

At TeV SUSY MSSM, split 
SUSY, Composite Higgs, 

Technicolor….
GUT theories

S. King, SP, J. Turner, Y-L 
Zhou, PRL 126 (2021)

 Low E see-saw
Min/Rich Dark 

sectors

Dark sector searches

S. Palomares-Ruiz, 
SP, 0710.5420
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Leptogenesis

Leptogenesis as the origin of the baryon asymmetry.

Can the low energy CPV phases be connected with 
leptogenesis?

Leading effort in ULYSSES.

Credit: J. Turner



James Stirling
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IPPP: a supportive environment

Nigel Glover

Alan Martin



Great students and postdocs and 
collaborators
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IPPP: a really exciting scientific environment

In neutrinos there have been many postdoctoral researchers at 
IPPP funded by the IPPP, LAGUNA, EUROnu, Invisibles, Elusives 
and the ERC NuMass grants: Sergio Palomares-Ruiz, Michael 
Schmidt, Chris Orme, Jacopo Lopez- Pavon, Takashi Toma, Manimala 
Mitra, Ninetta Saviano, Peter Ballet, Ye-Ling Zhou, Richard Ruiz, 
Cedric Weiland, Arsenii Titov, Sabya Chatterjee, Y. Perez-Gonzalez, 
A. De Giorgi and others working in related areas…

…and great students: Chris Orme, Elise Jennings, Tracey 
Li, Chan-Fai Wong, Peter Ballett, Alexander Barreira, 
Jascha Schwetchenko, Mark Ross-Lonergan, Jessica 
Turner, Tse-Chun Wang, Matteo Leo, Andres Olivares, 
Julia Stadler, Matheus Hostert, Kris Moffat, Asli Abdullahi, 
J. Franklin, Dhruv Pasari and others



Collaboration with ICC
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…and great students: E. 
Jennings, A. Barreira, J. 
Schewtchenko, W. Elbers
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IPPP: an exciting scientific environment

A whirlwind of 
workshops and events.



Neutrinos are the most elusive and 
mysterious of the known particles.

New emphasis on connecting neutrinos with other 
areas of research.

IPPP has been and still is a leading centre for 
neutrino physics and related areas of research.

The discovery of neutrino 
oscillations has been a 

game-changer because it 
means that neutrinos have 

mass and the Standard 
Model is incomplete.

22

Conclusions
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Conclusions

Happy A
nniver

sary I
PPP!!! 

And Thank you ver
y m

uch!!! 


