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A very interesting time for particle physics and cosmology

• Many questions:

Scale of inflation; explanation of Hubble tension; origin of DM and neutrino masses;
precision measurements of the Higgs coupling, new physics  for  various anomalies 
e.g., g-2 of muon, W mass measurements, LHCb flavor, MiniBooNe, LSND, Xenon1T,  
galactic center excess etc., relic abundance of light degrees of freedom, the origin 
of baryogenesis etc.

• How do we investigate these  questions using various experiments, observations, 
Any new models? what are the new ideas

• How does the future look like?

Introduction





• Is this due to systematics?
• Is this due to new models?

Hubble Tension

Valentino, Mena, Pan, Visinelli, Yang, Melchiorri,
Mota, Riess, Silk, Class.Quant.Grav. 38 (2021) 15, 153001

5 σ
Tension

Abdalla et al, JHEAp 34 (2022) 49-211

Also Mild 
Tension 
σ8

Future progress:
Experiment: JWST, Gaia DR4,5, LIGO, R^2, 
Euclid...

Adam Reiss



Fabrizio Rompineve

“we should test the assumed homogeneity 
and isotropy …not simply measure the
model parameters with increasing 
`precision”

“The inference that the Hubble 
expansion rate is accelerating may be
just an artifact of the bulk flow
(and not due to a Cosmological
Constant” 

Subir Sarkar

Hubble Tension…



Inflation
Tensor to scalar ratio

K. Hirano, 2019Models
“cosmological perturbations and gravitational 
waves with scale-invariant spectra are generated, 
without the need of postulating an early phase of 
cosmological inflation.”  Robert Brandenberger



We need more lattice results

g-2 of muon

Many particle physics models: 
EW scale, sub-GeV scale etc.

Also g-2 of the electron: 

Martin Hoferichter



LHCb anomalies

Manuel Sevilla



Are LHCb anomalies g-2 anomalies correlated?

Since both anomalies involve muon sectors, it is possible to explain 
in the context of a single model

Other works, E.g., Babu, Dev, Jana, Thapa,JHEP 03 (2021) 179, 
Dutta, Ghosh, Kumar, Huang, PRD, 105 (2022) 1, 015011; 
Zheng, Zhang, PRD,104 (2021) 11, 115023; Navarro, King, PRD,105 (2022) 3, 035015 

Talks by Amarjit Soni,  Farvah Nazila Mahmoudi



Manuel Sevilla



LHC, Supersymmetry

Soft dilepton+jet+MET signature from higgsino pair production

Natural SUSY: only higgsinos need lie close to weak scale 

Rohini Godbole
Howie Baer 

•Plenty of natural parameter space under model independent 
measure DEW

•mu~100-350 GeV: light higgsinos! 

•other sparticle contributions to m(weak) are loop 
suppressed- masses can be TeV->multi-TeV

•stringy naturalness: what the string landscape prefers

•predicts LHC sees mh~125 GeV 

•under stringy naturalness, a 3 TeV gluino more natural than 
300 GeV gluino

•landscape-> non-universal 1st/2nd gen. scalars at 20-40 TeV: 
natural but gives quasi-degeneracy/decoupling sol’n to SUSY 
flavor, CP and cosmological moduli problems 

•dark matter: a mix of axions+higgsino-like WIMPs (typically 
mainly axions) 



Higgs Precision era

Higgs self-interaction

Shufang Shu



EFT

Higgs at the LHC

Ian Lewis
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High-Luminosity LHC

We are here

• Run 3 started: beams in April 22, 2022
• Stable beam collisions detected by ATLAS/CMS
--- more excitement to come!

Tao Han 



Tao Han

Future Collider



Jonathan Feng

FASER



Direct Detection

Detector sensitivity improved by 5
orders of magnitude in the last 20 years

ionization
Q SuperCDMS, 

EDELWEISS

CRESST III, TESSERACT

LZ, XENONnT, 
PANDAX, DARKSIDE

DAMA, DEAP, 
XMASS, 
COSINE

SENSEI

PICO

DarkSi
de

Cryogenic 
Semiconductor 
Detectors: (mK) 
SuperCDMS, CRESST, 
EDELWEISS; (77K) 
SENSEI 

SuperCD
MS

CRESST

EDELWEI
SS SENSEI

R. Mahapatra



Direct Detection: WIMP

●

is WIMP (10 MeV-100 TeV) in trouble?
There exist many scenarios where WIMPs are  hard to detect, e.g.
Lighter wimp, hidden sector DM, coannhilations, departure from radiation domination of the 
early universe, loop suppressed couplings to the nucleus, velocity suppressed coupling

Dan Hooper
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Various ways of probing Sub-GeV DM: 

Migdal effect (Ionization and excitation of electron)

Ibe, Nakano, Shoji, Sujuki, 2018
Dolan, Kahlhoefer, McCabe, 2018

Essig, Prdaler, Sholapurkar, Yu, PRL 2020 Bell, Dent, Dutta, Ghosh, Kumar, Newstead, 2021
Flambaum, Su, Wu, Zhu, 2021

Direct Detection: Light DM
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DM-electron  interaction

Accurate calculations of 
dark matter electron 
scattering rates in semiconductors
 Important for superCDMS,  
SENSEI, DAMIC, EDELWEISS

dR
/d

 ln
E

(1
/k

g/
yr

)

Barak et al (SENSEI) 2020
Sub-MeV DM: superconductors, superfluid He, Dirac materials, polar materials

Griffin, Knappen, Lin, Zurek, 2018

Essig, Prdaler, 
Sholapurkar, Yu, 
PRL 2020

Catena,Emken, Nicola A. Spaldin,
Tarantino, PRR 2020
Pandey, Singh, Wu, Chen, Chi, Hsieh, Liu, 
Wong, PRD 2020, 
Baxter, Kahn, Krnjaic ,Griffin, PRD 2020

Griffin, Inzani,Trickle, Zhang, Zurek, 2105.05253 

Direct Detection: DM-electron



Susanne Westhoff
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• AMEGO, e ASTROGRAM 
should be able to probe DM 
down to MeV

Indirect DetectionGC excess

Dan Hooper

Petra Huentemeyer



Line Intensity Mapping

Marc Kamionkowski

Axion sensitivity

Similar constraints: Dark Matter annihilation, decay, neutrino decay



AMS will be operated for the full life-time of the ISS (2032?). In
case of upgrade, some channels will have a significant boost in
statistics/accuracy

M. Duranti, AMS

AMS



James Dent



Primordial Black Holes

Agashe, Chang, Clark, Dutta, Tsai, Xu, 2202.04653 

James Dent



Strongly Interacting DM

Sucheta Kulkarni

Extensive program



LIGO should be able to constrain some parameter space. 
for ultralight particles

Neutron stars can capture dark matter, which can 
modify the postmerger gravitational wave signal when 
two stars merge.

New particles can be produced in the hot, dense 
environment of a neutron star merger. 
They could contribute to transport. BSM particle

New physics with neutron star mergers

Steve Harris
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ALP Searches

Gianpaolo Carosi



ALP at DM experiments

Solar axion

Dent, Dutta, Newstead, Thompson, Phys.Rev.Lett. 125 (2020) 13, 131805
Gao, Liu, Wang,Wang, Xue, Phys.Rev.Lett. 125 (2020) 13, 131806 



Neutrino Mass

“More improvements 
Possible”

Shun Salto

Evan Grohs



∆Νeff of various particles as a function 
Freeze-out temperature (when production rate 
falls below the expansion rate)

∆Neff

The energy density of 
the cosmic neutrino 
background can be 
calculated precisely

Plays a crucial role in models with light mediators 
Escudero Abenza (2020); Akita, 
Yamaguchi (2020); Froustey, Pitrou, 
Volpe (2020);Bennett, et al (2021);

Francesco D’Eramo



Sudip Jana

Neutrino Magnetic Moment



Baryon Number Violation

Pavel FileViez Perez

Dark Color unification motivated by  the mini-coincidence puzzle 

Clara Murgui



Implications of observable BNV

Susan Gardner



Neutrino experiments can be versatile

• Search for dark  matter

• Search for ALP

• Search for  various types of mediators, scalar, vector, pseudo-scalars

• Search for various kinds of models

• Variety of detectors: near and far detectors, different  types of signatures at 
different energy regimes

The ongoing/upcoming neutrino experiments provide a great 
opportunity to study new physics 



Frank Deppisch

Neutrinoless double beta decay

Kate Scholberg



Solar Dark MatterSterile neutrino
Glashow Resonance

partially contained
events identified a cascade
with ~6 PeV of energy

IceCubE

Astrophysical Neutrinos

High Energy Astrophysical neutrinos

Brian Clark



• PUEO & RNO-G are both under
construction, and the discovery of ultrahigh
energy neutrinos is in sight.
• PUEO will open up discovery space at the
highest energies, and will launch in 2024.
• RNO-G covers the energy range between
IceCube and PUEO where astrophysical
neutrinos should be, and is under
construction!
• IceCube-Gen2 will incorporate a large
radio array in the future

Higher energy astrophysical neutrinos

Abigail Vieregg



• Several models have been proposed 
to generate observable NSI
• Main challenge is to control charged
lepton flavor violation and nunivesality
constraints
• Some models use cancellations among
d = 6 and d = 8 operators
• Light mediators help with satisfying such
constraints 

Collider signals of these models have been 
studied, especially formonojet signals

Kaladi Babu

Neutrino Model

NSI



Neutrino Model: measurements

Kate Scholberg



Neutrino sector: measurements/anomalies



Beam dump based (proton beam) 
[ongoing]:   800 MeV-3 GeV: COHERENT 
(Oakridge), CCM (LANL), JSNS2(JPARC)
Detectors, CsI, Lar, Na, GeI: ~20m away

Fermilab SBN program: 120 GeV NUMI, 8 
GeV BNB beams (ongoing)

π±𝟎𝟎
γ

γ

γ

γη
γ

e 𝒌𝒌±𝟎𝟎
Proton (p)

Neutrino experiments can be versatile

DUNE (120 GeV)

Many experiments with proton beams have different 
beam energies using various detectors at different locations



𝑨𝑨𝝁𝝁′
,s,a 𝜋𝜋0 → 𝛾𝛾𝐴𝐴𝐴𝜇𝜇

Lot of pions, kaons  are produced: COHERENT: 0.1 pion/proton: 1023 POT
MiniBooNE: 1pion/proton: 1021/POT
DUNE: 3-4 pions/Proton: 1021/POT

Not helicity suppressed, 

Neutrino experiments: New physics

Meson can be utilized to probe new physics with variety of signatures

E.g., 
DM

DM

V
V

can be long lived, 

V, φ, a

At the detector Scattered

V, S, a
, 𝛾𝛾

V, φ, a

V, φ, a

V, φ, a

V, φ, a

,ν

,ν

DM, ν produces 
nuclear/electron recoil

• New mediators 0 to sub GeV 
couple to quarks, leptons (e, µ), 
gammas, neutrinos



MiniBooNE anomaly
Excess is 4.8 σ

Various new physics ideas:

LSND



Neutrino-based solution

Arguelles et al, 2022 Bertuzzo, Jana, Machado, Zuanovich, 
Phys.Rev.Lett. 121 (2018) 24, 241801



MiniBooNE anomaly: Dark sector

Use the charged pion 3 body 
Decay (helicity unsuppressed):

• For dark sector appearing from π0->V γ only: ruled out by MB dump

Dutta, Kim, Remington, Thompson, Van de Water, 2021 Can be checked at SBND, DUNE

Detection
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ALP Parameter Space and neutrino experiments

Arias, Cadamuro, Goodsell,Jaeckel,  Redondo, 
Ringwald, JCAP 06, 013,  (2012) 

Carenza, Straniero, 
Dobrich,Giannotti, 
Lucente,Mirizzi, 
Phys.Lett.B 809 (2020) 
135709

Cosmological triangle

ν experiments: beam-dump/reactor
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ALPs at Neutrino Experiments
We  utilize the photons, electron-positrons  to probe ALPs

E.g., 800 MeV proton beam hitting a Tungsten target at LANL

Similarly, COHERENT, JSNS2, MiniBooNE, MicroBooNE, ICARUS, DUNE

GEANT4, 10.7, QGSP_BIC_HP

Reactor experiment
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ALP at Neutrino Experiments

Production: Detection:

∝ Z2

Primakoff: Inverse Primakoff,  Decay

∝ Z2

ℒ𝑖𝑖𝑖𝑖𝑖𝑖 ⊃ −
𝑔𝑔𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝐹𝐹𝜇𝜇𝜇𝜇 �𝐹𝐹𝜇𝜇𝜇𝜇

4

Photon does not loose energy in the conversion process to axion and back to photon

𝑑𝑑2𝜎𝜎
𝑑𝑑Ω𝑑𝑑𝐸𝐸𝛾𝛾

=𝑔𝑔𝑎𝑎𝛾𝛾𝛾𝛾2

16𝜋𝜋2
𝑘𝑘𝑎𝑎4

𝑞𝑞4
|𝐹𝐹 𝑞𝑞 |2𝑠𝑠𝑠𝑠𝑠𝑠2(2𝜃𝜃)𝛿𝛿(𝐸𝐸𝑎𝑎 − 𝐸𝐸𝑎𝑎)

F(q) is the Nuclear form factorα Z2
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Neutrino Experiments

Production:
Detection

∝ Z ∝ ZCompton

ℒ𝑖𝑖𝑖𝑖𝑖𝑖 ⊃ −𝑔𝑔𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 �𝜓𝜓𝑎𝑎𝛾𝛾5𝜓𝜓𝑎𝑎

Associated

Bremsstrahlung

Resonance

e-

e-

e-

e- e-

e-

e-

e- e-

e-
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ALP at a reactor
1 MW reactor at TAMU, Detector is at 4m away

Cosmological triangle (allowed by all data)

Dent, Dutta, Kim,  Liao, Mahapatra, Sinha, 
Thompson, PRL, 2020

Astrophysical constraints are model dependent

High Z material at the Core, U, Th,  allows us to convert gamma into axion

D. Aristizabal Sierra, V. De Romeri, L. Flores, D. Papoulias, 
JHEP 03 (2021) 294

Decay

Inverse Primakoff

Astrophysics

NA64
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CCM (ongoing), DUNE 

V. Brdar, B. Dutta, W. Jang, D. Kim, I. Shoemaker, Z. 
Tabrizi, A. Thompson, J.Yu, Phys.Rev.Lett. 126 (2021) 20, 
201801

ALP at a proton beam dump: 



DUNE-beam-dump mode

A. Bhattari, V. Brdar, B. Dutta, W. Jang, D. Kim, I. 
Shoemaker, Z. Tabrizi, A. Thompson, J.Yu, to appear



Neutrino experiments searches for DM

1 GeV proton beam 

COHERENT (2017) No CEvNS rejected at 6.7σ: CsI
More results with LAr and CsI

CCM @ LANL is ongoing, 
JSNS2 is also ongoing

Observation of coherent elastic neutrino-nucleus scattering (CEvNS)



𝜒𝜒

𝜒𝜒 DM DM

DM at ν experiments

• Complimentary to direct detection 
Searches

• Probes low mass DM

• Uses the same interactions

DM

DM

DM

DM

DM

DM

COHERENT Collaboration, arXiv:2110.11453
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DUNE: DM parameter space,  

DM at ν experiments

Breitbach, Buonocore,Frugiuele, Kopp, Mittnacht, JHEP 01 
(2022) 048, 

Doojin Kim

DUNE-beam-dump mode



Doojin Kim PPC 2022

Inelastic Boosted Dark Matter

58

[De Roeck, DK, Moghaddam, Park, Shin, Whitehead, 2005.08979]

DUNE Far detector: New physics

Low mass DM (up to 10 GeV) become energetic
 detection becomes easier  

Cosmic-ray boosted DM

Dent, Dutta, Newstead, Shoemaker, Arellano, PRD, 2021 Doojin Kim



Conclusion

• It is a very interesting time -many experiments and observations are ongoing/upcoming

• Models are being constructed utilizing information from particle physics, 
astrophysics, and cosmology

• Major puzzles: neutrino sector (mass, mixing angles, interactions), the origin of DM, 
understanding inflation, Hubble tension, galactic center excess, g-2, MiniBooNe anomalies etc.

• Various ongoing and upcoming opportunities will hopefully provide us with the clue(s). 
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