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Introductory Comments
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Student background and preparation varies.. 

Some of  you perhaps already have been introduced to nuclear and particle 
physics at an advanced level but not all of  you… 

You have been getting an excellent set of  pedagogical lectures   

As you complete doctoral research and move on, you will learn to cope with 
imperfect knowledge on things unrelated to your own projects  

Qualitative understanding (at a minimum) of  the breadth of  nuclear and 
particle physics is critical to help select interesting problems to work on 

I am an experimentalist! I will focus on measurements, but theory is critical! 

I will concentrate on the “big picture” in the BSM search subfield 

Necessary “general knowledge” when focused on other subfields (e.g. QCD)
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Rationale for Lecture Flow
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As I will elaborate, Beyond the Standard Model (BSM) searches in 
accelerator experiments are typically “parasitic” or “opportunistic”.  

In order to identify opportunities in new machines (such as EIC), it is 
important to know enough about BSM initiatives worldwide so you dont 
waste time looking at parameter space already ruled out by others. 

Therefore, in Lecture 1 will provide a broad overview of  the BSM 
landscape relevant to potential EIC opportunities. Lecture 2 will focus on 
reviewing these opportunities. As you will see in lecture 2, most of  the 
ideas are nascent; you all can potentially pick up problems for further 
study once you get beyond your PhD and start independent research
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Outline of  Lecture 1
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Overview of the 4 Classes of Measurements (my classification) 

Broad Context for the Experiments Pursued and the Tools 

A Tour of the Most Important BSM Search Strategies 

Connect to EIC right at the end and set up Lecture 2 

Summary
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Fundamental Particles and Forces
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electromagnetic (EM) strong

60Co 60Ni

Weak

Were there other superweak forces in the early universe? 
Was there a single unified superforce in the early universe?  

Do quarks and leptons have substructure? 
How do protons, neutrons and nuclei emerge from quarks and gluons? 

Are there fundamentally new emergent properties of protons and nuclei? 
…

H0
spin 0

The Standard Model of Strong and Electroweak Interactions

Example Particle 
Physics Questions

Example Nuclear 
Physics Questions

Artificial 
Separation 
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Electroweak Interactions
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One free parameter: weak mixing angle θW
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Higgs Mechanism + Renormalizability

Why is the weak boson scale 100 GeV? 

Why are there 3 generations of particles? 

How did matter come to dominate over anti-matter? 

Were there as yet unobserved new forces in the 
early universe? 

Is there a unifying framework to describe all 
forces? 

Why are neutrinos so light? 

Why is the top so heavy? 

...

At the EIC, we plan to gain insights on QCD; we probe the nuclei via the electroweak interaction 

Any new machine could potentially provide 
novel insights on fundamental questions 
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Comprehensive Experimental Strategy
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BSM Searches must be as model-independent as possible

★ Measurements of Neutrino Properties 

★ Direct and Indirect Searches for Dark Matter 

★ Searches for Violation of Accidental (?) Symmetries 

★ Precise Measurements of SM observables

The High Energy Frontier: Collider Physics

The Cosmic Frontier: Particle, Nuclear and Gravitational Astrophysics

A comprehensive search for clues requires, in addition:

The Intensity/Precision Frontier
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Intensity Frontier Strategy
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Observables at scales at or lower than the scale of EW Symmetry Breaking

Measurements push several experimental parameters to the extreme such as 
intensity, luminosity, volume, radio-purity, resolution, precision, accuracy....

In most cases, observables exploit a symmetry principle

Λ (~TeV)

E

MW,Z  
(100 GeV)

Discoveries and Insights about Big Questions

L = LSM +
1

Λ
L5 +

1

Λ2
L6 + · · ·

higher dimensional operators 
can be systematically classified

SM amplitudes 
precisely predicted

Dark Sector

(coupling)-1

Dynamics in the 
Early Universe

courtesy  
V. Cirigliano,  

H. Maruyama,  
M. Pospelov 

M. Ramsey-Musolf
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General BSM EFT Framework
V. Cirigliano

Effective Field Theory (EFT)

Two Classes of Operators
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Connecting Scales

10

V. Cirigliano
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Tools to Probe BSM Physics
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Intense beams, ultra-high precision, exotic nuclei, table-top experiments, rare processes....

Intensity Frontier Experimental Facilities/Initiatives/Programs
• Electron Beams: charged current couplings, weak mixing angle, dark photons 
➡ Jefferson Lab, Mainz MESA 

• Muons, Kaons, Pions:  Lifetimes, Precision Bus, Flavor Universality, muon g-2, EDMs 
➡  BNL, PSI, TRIUMF, FNAL, J-PARC  

• Neutrino Beams:  Oscillations, PMNS matrix, CP-violation 
➡  Fermilab, KEK, CERN 

• Neutrons: Lifetime, Asymmetries, EDM  
➡ LANSCE, NIST, SNS, other international labs.. 

• Underground Detectors:  Direct Dark Dark Matter, Double-Beta Decay 
➡ SURF, SNOLAB, LNGS, Jinping, Kamioka… 

• Nuclei: Precision Weak Decays, Atomic Parity Violation, EDMs  
➡ FRIB, ANL, TAMU, Tabletop… 
The EIC can contribute and complement several of  these topics
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Neutrinos are Special: First Hint of  BSM
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•Why are neutrinos so light? 
•What is the mass scale? 
•Neutrino mass generation?
•Neutrino mixing matrix
•Neutrino CP violation
•Are neutrinos Majorana 
particles?

Kamland

Right-handed neutrino has 
no gauge interactions

Original formulation of the Standard Model: 
𝞶 massless and no right-handed state

A Model of Leptons (Steven Weinberg, 1967)

𝞶 oscillations: they are massive! There must be right-handed neutrino states



BSM Searches at the EIC at High Luminosity: Lecture 1 Krishna Kumar, February 2026

Long Baseline Neutrino Physics

13

K. Scholberg
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Other Neutrino Initiatives
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Coherent Neutrino Scattering (CE NS) 
Detector recoiling nucleus from elastic neutrino scattering
Large number of experiments pursuing both accelerator and reactor-based measurements over a 
range of nuclei
New exploration of few 10’s of MeV inelastic neutrino scattering: relevance for axial-current

Absolute Neutrino Mass 
Precision measurements of the end points in the beta decay spectrum to look for a deviation from 
zero mass (just momentum conservation)
Karlsruhe Tritium Neutrino Experiment (KATRIN) completion (late 2020’s) ~ 200 meV, the next 
frontier is ~ 40 meV with Project-8 (mid-2030s)
Complementary efforts (163Ho, ultra-low-Q processes) for cross-checks and sterile neutrinos

ν

The most compelling direction motivated by neutrino mass is the following…
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Conservation Law Detour
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Proton Decay
Forbidden if B is conserved

but not

Introduce Lepton Number:

This is encoded into the Standard Model Feynman Rules

• Only B-L strictly conserved in the Standard Model 
• B+L is violated due to anomalies 
• No fundamental reason to expect B and L to be 

conserved (assuming only 4 forces in Nature)

What if CHIRALITY is the 
key rather Lepton Number?

Neutrinos only interact via the weak 
interaction, which is parity-violating

Lepton Number Conservation not required

Baryon Number

An Exact Symmetry implies a Conservation Law
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A Profound Question
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Dirac OR Majorana

The question conceptually is:
Kayser ‘85

In 1937, Majorana discovered that a simple modification to 
Dirac’s equation leads to the possibility to describe electrically 

neutral, massive spin-1/2 fermions with real fields! 

A neutrino can therefore be its own anti-particle 

Majorana Neutrino
L is violated

No experimental observation precludes this possibility

The most pragmatic approach to discover the Majorana nature of neutrinos is 
to search for Lepton Number Violation (LNV)

Practically: discover Neutrinoless Double-Beta Decay (0𝝼𝝱𝝱)

A new heavy scale for physics beyond the SM

If L-violation is observed unambiguously, it implies that there exists a way to 
convert an anti-neutrino to a neutrino, a Majorana mass amplitude
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Double-Beta Decay
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eL-

νR

W-
n

p

A free neutron, or a 
neutron inside a nucleus

eL-

νR

W-

W-

2n eL-

νR

First direct observation by 
Moe, Elliott, and Hahn  

in 100Mo (1988)

Two neutrons convert 
to two protons and four leptons.

Suggested by Maria 
Goeppert-Mayer in 1935!

Nuclear Double-Beta 
Decay with the emission of 

two betas and neutrinos

Lepton Number Conserving Standard Model Process

Double-beta decay:
a second-order process only detectable if first 
order beta decay is energetically forbidden

48Ca→48Ti 4.271 0.187
76Ge→76Se 2.040 7.8
82Se→82Kr 2.995 9.2
96Zr→96Mo 3.350 2.8
100Mo→100Ru 3.034 9.6
110Pd→110Cd 2.013 11.8
116Cd→116Sn 2.802 7.5
124Sn→124Te 2.228 5.64
130Te→130Xe 2.533 34.5
136Xe→136Ba 2.479 8.9
150Nd→150Sm 3.367 5.6

Candidate        Q     Abund.
                    (MeV)   (%)

Candidate nuclei 
with Q>2 MeV
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Neutrinoless Double-Beta Decay
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Need both helicities, 
so νe must be massive

must not carry 
lepton number

Lepton number changes by two units:  ΔL=2 

e- + e- ⟹ W- + W-

For light neutrinos, this cross-
section is unobservably small

N(Z,A)
N(Z+2,A)

amplitude ~ m(ν)/E(ν),  
E(ν) ~ 100 MeV

“Neutrino mass mechanism” for 
double beta decay

If observed, it would 
unambiguously signal 
that Lepton Number is 
NOT a conserved 
quantity, and that 
neutrinos are Majorana 
particles i.e. their own 
anti-particles

 2νββ

 0νββ

2% energy resolution σ

×10-2
×10-6
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Experiments: Very Long Half-Lives!
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Typical 2𝜈𝛽𝛽 half-life is very long: 
second-order weak process

years
Atomic mass affected by nuclear pairing term: 

even A nuclei occupy 2 parabolas,  
even-even below odd-odd

Choose nuclei where single beta decay forbidden
but double-beta decay is possible

m𝜷𝜷 ~ 1 eV ⟹ T1/2 ~ 1024 years 
m𝜷𝜷 ~ 0.1 eV ⟹ T1/2 ~ 1026 years 

m𝜷𝜷 ~ 0.01 eV ⟹ T1/2 ~ 1028 years 

For light neutrino exchange 
All 3 neutrinos will contribute: 𝜂 ~ 

PMNS Matrix

Transition Probability

Phase Space  
Factor

Nuclear Matrix Element

Particle Physics of the Black Box

A potential 0𝜈𝛽𝛽 half-life will be even longer!

But a large number of BSM theories give rise 
to effective higher dimensional operators that 
can dramatically change the predicted half-life

1

⇤
L5
1015 GeV

1

⇤5
L9

multi-TeV
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Summary of  Past and Present Projects
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Inverted ordering (IO)

Normal 
ordering (NO)

IO ( )𝒎𝟑 → 𝟎

NO ( )𝒎𝟏 → 𝟎

D
eg

en
er

at
IO

N
O

Parameter space vs. mass of lightest :𝝂 Sensitivity of upcoming experiments:

Slide courtesy: Dave Moore

Unfortunately, US nuclear physics funding uncertainties make it 
unlikely that all upcoming experiments will be done in the next decade
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Ton Scale Experimental Proposals
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NLDBD Detection Techniques

Ionization

Scintillation

Phonons

CUPID
     Li2100MoO4  

        scint. crystals  
         bolometer

LEGEND 
76Ge crystals +  
liquid Ar scint.

nEXO
liquid 136Xe TPC

The Ton-Scale Candidates
As Proposed

4

CUPID LEGEND-1000 nEXO

Full Project TPC 63,903 442,350 406,169 

DOE Only TPC 34,703 257,347 349,531 

Non DOE TPC 29,200 185,003 56,638 

DOE/Non % 55/45 60/40 85/15

Proj. Complete 2028-2030 2030-2033 2028-2030

Site LNGS SNOLab or 
LNGS SNOLab

CUPID: Scintillating Crystal Bolometer

LEGEND: High Purity Ge Crystals

nEXO: Liquid Xe Time Projection Chamber

Numbers are in $K

The Ton-Scale Candidates
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Slide courtesy: Vincenzo Cirigliano

• The emerging ton-scale program consists of three experiments using three different isotopes and fielding 
very different experimental technologies:  CUPID (100Mo),  LEGEND-1000  (76Ge),  and nEXO (136Xe).  

• These three experiments have undergone a US DOE portfolio review and are ready to start construction 

Time scale to complete 
all 3 experiments is 

highly uncertain
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Charged Lepton Flavor Violation (CLFV)
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• ν’s have mass!  individual lepton flavors are not conserved 
• Therefore Lepton Flavor Violation occurs in Charged Leptons too

Is lepton flavor conservation exact? No! Neutrino Oscillations!

tiny standard model branching fraction

BR(µ → eγ) =
3α

32π

∣∣∣∣∣∣

∑

i=2,3

U∗
µiUei

∆m2
1i

M2
W

∣∣∣∣∣∣

2

< 10−54

✴ anomaly in muon g-2 (?)

Hagiwara et al: hep-ph/0611102

W̃

ν̃µ

µ

γ

ν̃e

e

µ → eγ

6

µ
+
→ e

+
γ

µ ! e�

Major experimental searches are ongoing; mass 
reach depends on flux and sensitivity of technique Le↵ = LSM +

Cµe

⇤2
ēL�

↵�µR�F↵�

Slepton mixing 
in SUSY

BR(µ ! e�) ⇠ 10�15

µ or τ → eγ, e+e-e, KL→µe, ...

Tau Decays at e+e- colliders

Need very high fluxes for required statistical reach

New high intensity kaon & muon beams and high 
luminosity e+e- colliders all over the world 

SM BR:
10-54!
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CLFV Initiatives
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•  (PSI)

- MEG II, finished first run
- BR (  @ 90% CL 
- expect  after a few years

•  (PSI)
- Mu3e experiment (Hesketh et al., 2204.00001)
- SES of 

•  (FNAL, J-PARC) 
- Mu2e, COMET (both  @ 90% CL 

around end of decade

μ+ → e+γ

μ+ → e+γ) < 3.1 × 10−13

≈ 4.2 × 10−14

μ+ → 3e
2 × 10−15

μ−N → e−N
≈ (6 − 8) × 10−17

τ processes also suppressed in Standard Model 
 but less:

Le
e,

 S
hr

oc
k 

P
hy

s.
R

ev
.D

16
:1

44
4,

19
77

Good News: 
Beyond SM rates can be 

orders of magnitude larger 
than in associated muon 

decays

Bad News: 
τ’s hard to produce: 

~1010 τ/yr vs >1011 µ/sec in 
upcoming muon experiments 

P
ha

m
, h

ep
-p

h/
98

10
48

4

• Rough analogy to neutrinos: muon CLFV is “ ” ; 
anything involving the  is in the  or  sector

• Colliders can also probe CLFV-violating Higgs decays

θ12
τ θ13 θ23

Slide courtesy: Bob Bernstein

https://arxiv.org/abs/2204.00001
http://prd.aps.org/abstract/PRD/v16/i5/p1444_1
http://prd.aps.org/abstract/PRD/v16/i5/p1444_1
http://arxiv.org/abs/hep-ph/9810484
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Mu2e at FNAL Overview
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25m of  solenoids designed to maximize captured muons and remove backgrounds (1010 stopped µ/sec) 

Curved transport solenoid  provides sign and momentum selection 
and avoids line of sight from production target to detector

Muons stop on 
aluminum target

Graded solenoid directs 
electrons to the detector

“Hollow” tracker has low acceptance for SM 
decays  and high acceptance for signal

sig
na

l

Graded solenoid directs 
low momentum 
particles into transport 
solenoid

Protons enter here, hit 
target, make pions

High momentum 
Backgrounds exit 
out the front

Slide courtesy: Brendan Casey
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Other Experiments pursuing CLFV

25

MEG-II  
Data on tape

Belle II  
Data on tape

LHC  
Data on tape

NA62 
Data on tape

Mu3e  
Engineering run complete, data in 2026

DeeMee  
Engineering run complete

COMET  
Phase-1 Solenoid in place.  
Engineering run complete 

All have unique sensitivity to regions of CLFV parameter 
space and all have discovery potential ‘around the corner’ The race is on!

Slide courtesy: Brendan Casey
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CLFV across Energy Scales
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• Decays of μ, τ (and mesons) 

Modified from 
Calibbi-Signorelli

1709.00294

6 LORENZO CALIBBI and GIOVANNI SIGNORELLI
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Figure 1. – Limit on the branching ratio of flavour violating muon decays as a function of the
year. The three main clusters correspond to the usage of cosmic ray muons (until the 1950s),
stopped pion beams (until the 1970s) and stopped muon beams. Presently the best limit is that
on the µ+

! e+� decay set by the MEG experiment [49].

searching for Charged Lepton Flavour Violation (CLFV) is the aim of the present review.
We first give a theoretical introduction to set the stage and to see in a more formal and
detailed way what we mentioned above, as well as to discuss how and why Lepton Flavour
can be violated in extensions of the Standard Model: what, in other words, makes CLFV
processes so sensitive to new physics.

We will then review the general aspects of the experimental searches and discuss
some of the present and planned experiments with particular emphasis on the transition
between the first and the second family of leptons. To this class, in fact, belong the
three most searched modes – µ+

! e+� (“mu-to-e-gamma”), µ�N ! e�N (“mu-e-
conversion”), and µ+

! e+e�e+ (“mu-to-three-e”) – due to the copious availability of
the parent particle in the cosmic radiation first and at dedicated accelerators afterwards.
The history of the limit on the probability of these processes is shown in Figure 1, which
starts with the first experiment performed by Hinks and Pontecorvo in 1947 [259]. They
stopped cosmic ray muons in a lead absorber and measured the coincidence between
signals from two Geiger-Müller counters: having seen no such coincidence they gave as
a limit essentially the inverse of the number of observed muons. The limits on the three
processes improved as artificial muons were produced, stopping pion beams first (until
the 1970s) and starting directly with muon beams afterwards.

These experiments give the best constraints to date to possible extensions of the Stan-
dard Model inducing CLFV, therefore they play a prominent role in this review. There
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We first give a theoretical introduction to set the stage and to see in a more formal and
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can be violated in extensions of the Standard Model: what, in other words, makes CLFV
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between the first and the second family of leptons. To this class, in fact, belong the
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starts with the first experiment performed by Hinks and Pontecorvo in 1947 [259]. They
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3.1. Phenomenology of Muonium Oscillations
In order to determine experimental observables related to Mµ � Mµ oscillations, we recall

that the treatment of the two-level system that represents muonium and antimuonium is
similar to that of meson-antimeson oscillations [1,19,20]. There are, however, several important
differences. First, both ortho- and para-muonium can oscillate. Second, the SM oscillation
probability is tiny, as it is related to a function of neutrino masses, so any experimental indication
of oscillation would represent a sign of new physics.

In the presence of the interactions coupling Mµ and Mµ, the time development of a
muonium and anti-muonium states would be coupled, so it would be appropriate to consider
their combined evolution,

|y(t)i =
✓

a(t)
b(t)

◆
= a(t)|Mµi+ b(t)|Mµi. (9)

The time evolution of |y(t)i evolution is governed by a Schrödinger-like equation,
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where
⇣
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2

⌘

ik
is a 2 ⇥ 2 Hamiltonian (mass matrix) with non-zero off-diagonal terms

originating from the DL = 2 interactions. CPT-invariance dictates that the masses and widths
of the muonium and anti-muonium are the same, so m11 = m22, G11 = G22. In what follows,
we assume CP-invariance of the DLµ = 2 interaction1. Then,

m12 = m⇤

21, G12 = G⇤

21. (11)

The off-diagonal matrix elements in Equation (11) can be related to the matrix elements of
the effective operators introduced in Section 1, as discussed in [1,19],

✓
m �

i
2

G
◆

12
=

1
2MM

⌦
Mµ|Heff|Mµ

↵
+

1
2MM

Â
n

⌦
Mµ|Heff|n

↵⌦
n|Heff|Mµ

↵

MM � En + ie
. (12)

To find the propagating states, the mass matrix needs to be diagonalized. The basis in
which the mass matrix is diagonal is represented by the mass eigenstates |Mµ1,2i, which are
related to the flavor eigenstates Mµ and Mµ as

|Mµ1,2i =
1
p

2

⇥
|Mµi ⌥ |Mµi

⇤
, (13)

where we employed a convention where CP|Mµ±i = ⌥|Mµ±i. The mass and the width
differences of the mass eigenstates are

Dm ⌘ M1 � M2, DG ⌘ G2 � G1. (14)

Here, Mi (Gi) are the masses (widths) of the physical mass eigenstates |Mµ1,2i.
It is interesting to see how the Equation (12) defines the mass and the lifetime differences.

Since the first term in Equation (12) is defined by a local operator, its matrix element does not
develop an absorptive part, so it contributes to m12, i.e., the mass difference. The second term
contains bi-local contributions connected by physical intermediate states. This term has both
real and imaginary parts and thus contributes to both m12 and G12.
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CLFV across Energy Scales
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• Decays of μ, τ (and mesons) 

Figure 3: Summary of upper limits on LFV processes in ⌧ decays.
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3.1. Phenomenology of Muonium Oscillations
In order to determine experimental observables related to Mµ � Mµ oscillations, we recall

that the treatment of the two-level system that represents muonium and antimuonium is
similar to that of meson-antimeson oscillations [1,19,20]. There are, however, several important
differences. First, both ortho- and para-muonium can oscillate. Second, the SM oscillation
probability is tiny, as it is related to a function of neutrino masses, so any experimental indication
of oscillation would represent a sign of new physics.

In the presence of the interactions coupling Mµ and Mµ, the time development of a
muonium and anti-muonium states would be coupled, so it would be appropriate to consider
their combined evolution,
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originating from the DL = 2 interactions. CPT-invariance dictates that the masses and widths
of the muonium and anti-muonium are the same, so m11 = m22, G11 = G22. In what follows,
we assume CP-invariance of the DLµ = 2 interaction1. Then,
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Here, Mi (Gi) are the masses (widths) of the physical mass eigenstates |Mµ1,2i.
It is interesting to see how the Equation (12) defines the mass and the lifetime differences.

Since the first term in Equation (12) is defined by a local operator, its matrix element does not
develop an absorptive part, so it contributes to m12, i.e., the mass difference. The second term
contains bi-local contributions connected by physical intermediate states. This term has both
real and imaginary parts and thus contributes to both m12 and G12.
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Permanent Electric Dipole Moment (EDM)

28

The renormalizable field theories such as the ones that describe strong and electroweak 
interactions conserve CPT: e.g. masses and lifetimes of particle and anti-particle 

CP violation therefore implies T violation

raw sensitivity:

d ~ (m x e)/Λ2

d ~ 10-27: Λ ~ 100 TeV

P T

D S

For a fundamental particle 
to have an EDM, both P 
and T must be violated

Fundamental Particle with EDM  
and magnetic moment  

⃗d
⃗μ
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EDMs: Connecting Theory
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Basic Experimental Approach

30

ω
1 = 2 µ Β + 2dE

h
ω

2 = 2µ B − 2dE
h

ω
1– ω2 = 4dE

h

B E

d µ

ω1

B E

d µ

ω1

• Measure spin-precession frequencies
H = −!µ × !B − !d × !E

Hg EDM Table-top Setup

Neutron EDM Search at LANL

Courtesy:
M. Romalis, Z-T. Lu, B. Filippone
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EDM Summary/Future
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To go past 10-28 e cm for the neutron and 10-30  for nuclei 
will need new ideas and upgrades in the 2030s

Courtesy: D Kawall and J. Singh
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Dark Matter
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A Large Body of Indirect Evidence primarily from Astrophysics/Cosmology
H. Lippencott
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Dark Matter: Large Parameter Space
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Thermally produced dark matter
A particle with weak scale mass and 
weak coupling can obtain the correct 
dark matter density: WIMP Miracle

Attractive solution to simultaneously solve 
dark matter particle origin and puzzles 
regarding electroweak symmetry breaking

Courtesy: D. McKeen
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WIMP Search Status

34

Ongoing Program 
Direct production: LHC
Direct Detection: LZ, ADMX-G2, DarkSide-20k, 
XENONnT, SuperCDMS
Spin-dependent and Ultra-Heavy: IceCube

Next Phase 
Support for one G3 experiment capable of 
completely reaching the “neutrino fog”
Will require upgrade of SURF to site in the US

The next phase will require require multiple countries to band together to consolidate funding

Courtesy: D. McKeen
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Light Mediators: Dark Bosons
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Dark Matter connected to SM particles via a “portal”

Courtesy: D. McKeen
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New Physics via SMEFT
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✦ Violation of Lepton Number 
★ Neutrinoless Double-Beta Decay, muon and tau appearance at the EIC 

✦ Violation of Time Reversal Symmetry 
★ Non-zero Electric Dipole Moment of the Electron, T-odd observables at the EIC  

✦ Violation of Charged Lepton Flavor 
★ muon-to-electron conversion, tau appearance at the EIC  

✦ Flavor changing neutral currents  
★ Rare pion and kaon decays, direct leptoquark production at EIC  

✦ Flavor conserving neutral currents 
★ Precision weak mixing angle measurements, at low energy and EIC

e

Topics Relevant to EIC
1

⇤
L5
1015 GeV

1

⇤5
L9

multi-TeV

1

⇤2
L6

100s of  TeV

100s of  TeV

100s of  TeV

10s of  TeV



BSM Searches at the EIC at High Luminosity: Lecture 1 Krishna Kumar, February 2026

SM & BSM Topics at the EIC

37

Neutral and Charged Current Structure Functions 
Complementary probe of BSM 6-D operators: address flat directions in global SMEFT analysis
Unpolarized and Polarized pdfs
Weak Mixing Angle: both proton and deuteron
Charged current measurements complementary to precision weak decays

Charged Lepton Flavor Violation 
Tau appearance: strive for zero background
Complementary lepton number search 

Other BSM Topics 
Inclusive and semi-inclusive single spin asymmetries
Axion-like particle searches relevant to dark matter models
T-odd observables
…

https://indico.cfnssbu.physics.sunysb.edu/event/
341/timetable/#20250722.detailed

July 2025
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Tomorrow’s lecture
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Lepton-Nucleon Deep Inelastic Electroweak Scattering 

Weak Neutral Current Interactions and the Weak Mixing Angle 

Neutral Current Structure Function Reach 

A Menu of BSM Signatures at the EIC  

One Detailed Example: Charged Lepton Flavor Violation Search 

Summary and Outlook
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BSM @ EIC Summary

39

Intensity Frontier 
Absent direct particle discovery at the LHC, indirect BSM searches become central. 
In fact one could argue that certainly LHCb and even ATLAS and CMS are now 
Intensity Frontier experiments!

Electron Ion Collider 
Any new machine accessing new territory in intensity, luminosity, spin and center of 
mass energy space must be thoroughly explored for potential new BSM sensitivity
First ideas (Neutral currents, CLFV) have percolated for more than a decade
New ideas are continuing to come in…

Sharpen the Science Case 
It is now time to push the ideas that survive “on mass-shell”
Continue to explore new ideas while keeping a close eye on the rest of the BSM 
landscape 


