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Y. Furletova ( on behalf of workshop organizes)



• EW/BSM physics is a part of the EIC White Paper. NAS report did not include EW/BSM. 
Now, as project had been approved, it is a right time to come back and summarize key 
measurements.  

• Yellow Report process was on the way: how EW/BSM topics  best fit into the structure…

• Synergies with  HEP/LHC communities  through SnowMass2021 long range planning process .

• Accelerator/Detector: 
o Polarized positrons (possible ? ) 
o Two IRs  ( could run simultaneously?  Yes, but  will be less efficient, ~ 30% less each)
o Detector requirements for EW/BSM physics  (or complementarity in case of two IRs) 

EW/BSM workshop motivations: 
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https://indico.bnl.gov/event/8110/timetable/

Two days workshop
Due to the COVID-19, we had to  
hold the workshop online using 
ZOOM

Ciprian Gal 
Michael Gericke 
Wouter Deconinck
Yulia Furletova 
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Diversity 

16% 

81 Participants !  

16% 



Introduction to the EIC 
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EIC

Welcome 
Abhay Deshpande (Stony Brook University) 

Broad overview of EIC
Douglas Higinbotham (Jefferson Lab) 

EIC accelerator overview
Christoph Montag (BNL) 

Polarimetry Overview 
Dave Gaskell (Jefferson Lab) 
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Ø Combination of H1-ZEUS data was 
fundamental for precision PDFs 
and electroweak measurements in 
particular (first one in 2006 for xF3 
!)

Ø Very high x still very unknown 
region (crucial for searches at the 
LHC)

Ø Strong attention to PDFs from LHC 
community

Lessons learned at HERA Experience of EW and BSM 

physics at HERA and lessons for 

the EIC

Elisabetta Gallo (DESY and 

University of Hamburg) 

Stefan Schmitt (H1, DESY) 
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Last HERA fill 
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Elisabetta Gallo



PDF fits  

8

The potential impact of EIC’s NC and CC with incident electron beam colliding with 
proton and deuterium beams from a selection of PDF global analyzers

100 fb-1 ! ~ 28.6,  44.7,   63.3,   140.7 GeV for NC and 140.7 GeV for CC 
and deuteron beams L= 10fb−1 and consider only NC at  √s= 28.6,  66.3,  89.0 GeV 

Our knowledge of unpolarized collinear parton distribution functions (PDFs)   driven by inclusive neutral 
current (NC) and charged current (CC) deep inelastic scattering(DIS) cross section.

Impact of EIC on LHC 
Speaker: Timothy Hobbs 
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PDF fits with positron beam   
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T. Hobbs

differing charge of the exchanged W+ boson is such that 
positron CC interactions are capable of probing a unique 
combination of flavor currents inside the target hadron 
relative to an electron beam. p/A

e e’, !

q

", Z,W

p remnant

BSM and EW with 
positrons at EIC
Wally Melnitchouk

(Jefferson Lab) 
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Charged Current at EIC 

10

p/A

e e’, !

q
", Z,W±

p remnant

Ø Explore the high-x frontier
Ø flavor separation

NC background rejection: need 
4pi coverage for HCAL  
-> Probing Strangeness  with 
charm jets. 

Charge-current jet measurements 
Miguel Arratia (University of California, Riverside) 

Rs= (s+ ̄s)/( ̄u+ ̄d) The sensitivity,|Sf|, of the EIC 
e−pseudodata to the Rs PDF ratio; T. Hobbs
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Parity violation at EIC  Yuxiang
Zhao

Since both beams are polarized, parity violating measurements  
can be obtained for polarized electrons or polarized protons

the deuteron beam would allow an extraction of the weak mixing angle with 
little PDF uncertainty
comparisons of Ae PV measurements on heavy nuclei available at the EIC 
with the deuteron result would allow to test EMC effect with a weak mediator.
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where Ciq denote the weak neutral current couplings.

A comparison of the measured values of the Ciq couplings 

with the SM predictions can be used to set limits on the 

new physics scale Λ. 

theC1q andC2q couplings are functions of the weak mixing 

angle θW

In the  Q2<<M2
Z  limit, the weak neutral current contribution 

to DIS can be parameterized in terms of contact 

interactions

Weak mixing angle 
extractions

Ayres Freitas
Yuxiang Zhao
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Complementarity of EIC and 
LHC probes of the SMEFT
The SM effective field theory (SMEFT) provides a convenient 
theoretical framework for investigating indirect signatures of heavy 
new physics without associated new particles at low energies. 
Considerable effort has been devoted to performing global analyses 
of the available data within the SMEFT and other frameworks.
Simultaneous fit of PDFs AND  Wilson Coefficients

Daniel Wiegand
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Charged Lepton Flavor Violation

e-/e+ µ, #

q q

LQ

Leptoquarks

$%&$'&

e-

(, )q

LQ

q
$'&

$%&However, many BSM scenarios predict enhanced 
CLFV rate (LQ,  RPV-SUSY , SU(5) etc…. 

Ø High luminosity (~100-1000 higher then HERA)

Ø Electron and positron beam will probe different types 
of LQs
-electron-proton collisions, mainly F=2 LQs produced
-positron-proton collisions, mainly F=0 LQs produced

Ø eD (deuterium) vs ep collisions

Ø LQs are chiral particles, gain in sensitivity due to polarized 
beams

s-channel u-channel 

Theory of lepton flavor violation
Sonny Mantry (University of North Georgia) 

Charged lepton flavor and number violation
Jinlong Zhang (Stony Brook University) 
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CLFV: e to tau (leptoquarks)
Jinlong
Zhang

Yulia Furletova, and Sonny Mantry

● Isolated tau, Pt balance with q-jet. 
● Tau-Jet identification ( narrow cone, 

displaced vertex ) 
● Precise measurements of vertex (tau 

vertex displacements 200 to 3000 
microns)

● Current limits set by HERA sitting 
at sensitivities of a few fb
○ The high luminosity of the EIC will 

gain us 2 orders of magnitude
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Dark Photon Searches

e-

e+ !

U

A’e-/e+

p/Ions

Ø Dark Photon (U,A'):  new mediator to a sector of 
Dark Matter particles (MeV-GeV mass)

Ø Weakly coupled to Standard Model through kinetic 
mixing with ordinary photon  → production in e+e-

annihilation.

Ø A’ can be  probed with e+/- p(Ions) (e.g. target 
experiments PADME at LNF, Adv. High Energy Phys. 
2014:959802;  VEPP-3, arXiv:1207.5089 [hep-ex] )

Ø Detection via decay into SM particles (e+/e-)
Ø High luminosity is needed  

Ross Corliss
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A’e-/e+

p/Ions

● First analysis looks at e+e- decay, but hadronic final states 
could be investigated as well

● The boosted kinematics significantly opens up the angle 
between the decay leptons creating a specific topology

● Measurement would benefit from improved charge sign 
reconstruction and good lepton PID ( e/pi rejection) 

● Higher eta coverage would lead to access to lower mass 
dark photons

● With 6 months of running 25 on 250 (~39 fb-1) we could 
reach similar sensitivities than BABAR but in a wider mass 
range

Ross 
CorlissDark Photon Searches
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Lorentz violating effects
Enrico Lunghi

Ø Lorentz and CPT symmetry are among the most well 
established symmetries in physics. 

Ø However, many BSM theories admit regimes where 
one or both of these symmetries can be spontaneously 
broken.

Recent studies suggest differential cross section 
measurements at the EIC will allow for precision tests 
of Lorentz and CPT symmetry in the quark sector and 
could increase bounds on quark sector coefficients by 
two orders of magnitude over data taken at HERA. 
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Summary 
• EW ( Charged current) physics is essential for  PDF flavor decompositions. 
• High luminosity at EIC will offer precision measurements and  access to rare 

physics; 
• Polarization is essential for EW/BSM physics 
• Preliminary estimates on BSM physics at EIC looks promising.  
• Next generation of detectors: control under systematics, efficiency.
• Yellow report, SnowMass process 
• Looking forward for new EW/BSM physics studies at EIC !

and to the  new EW/BSM Workshop! ;-)
Ø Increase informal discussion time to compensate coffee breaks
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Thanks, CFNS, for support! 
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● linear dependence from lepton 
polarization:

Clear left-handed nature of 
weak currents (WL):
At HERA: 

If not 0 for e- @P=1  or e+@ P=-1
=> new physics

Extrapolation to P=!1  => limits on WR

●High energy, high luminosity and high polarization are needed
●High control under systematic uncertainties for lepton polarization (~1%)  

Testing the chiral structure of the week interaction with 
Charged Current DIS at EIC 

https://doi.org/10.1063/1.5040210

Yulia Furletova, and Sonny Mantry

CC at EIC CC at EIC

Red: electrons 
Blue: positrons 

Red: electrons 
Blue: positrons 
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