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EW/BSM workshop motivations:

« 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)
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A

Center for Frontiers

in Nuclear Science
Workshop series

6-7 May 2020

Online
US/Eastem tmezone

Overview

Call for Abstracts
Timetable
Contribution List
Registration
Participant List

Remote Connection (via
ZOOM)

4 cfns_contact@stonybroo
[ ciprian.gal@stonybrook.
= mgericke@physics.uma
| wouter.deconinck@uma

[ yulia@jlab.org

CFNS Annual

Electroweak and BSM physics at the EIC

As part of the third physics pillar ("Physics at the Luminosity Frontier”) of the original Electron-lon
Collider (EIC) white paper, Electroweak Physics gives us the possibility to study topics that have a much
broader appeal in the Physics community.

Nearly a decade ago at a workshop at William & Mary, the opportunities for studying electroweak
physics at the EIC were explored. At that time the parameters of the collider were still in flux and the
detector design still in early stages. Since then the focus of the EIC community has largely been on QCD
and nuclear processes. Now is an opportune time to re-evaluate the prospects for studying electroweak
processes at the EIC. The goal of the

proposed adhoc meeting would be to reinvigorate the efforts of the electroweak community in the
detector development for the electron-ion collider and to re-engage with the broader EIC community so
that we can take full advantage of the recent developments (in particular in simulations working group).

Due to the COVID-19 virus, we will hold the workshop online using Zoom (password via email to
registered participants).

This event is part of the CFNS workshop/ad-hoc meeting series. See the CFNS conferences page for
other events.

Starts May 6, 2020, 8:00 AM Online
Ends May 7, 2020, 7:00 PM

Ciprian Gal There are no materials yet. L
Michael Gerike

Wouter Deconinck

Yulia Furletova

Review (2 Feb 2021) Yulia Furletova

ps://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



Divers ity 81 Participants !

Male 68

us 53

Armenia 5

Saudi-Arabia 1

Canada 1

Germany 2

Italy 2

India 2

Mexico 2

Russa 1

Taiwan 1

China 1
Faculty 43
Scientist 25
Grad student 9
Postdoc 4 16%
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Introduction to the EIC

Welcome
Abhay Deshpande (Stony Brook University)

Broad overview of EIC
Douglas Higinbotham (Jefferson Lab)

EIC accelerator overview
Christoph Montag (BNL)

i T
POIarimetry Overview | - " " ’:39'3.“, b‘ Polarimeters  41GeV Arc ; \h\“\)\mj::e
Dave Gaskell (Jefferson Lab) i "l o e —— )
// // // Electrod

/" Injector (RCS)

100 meters
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Lessons learned at HERA ohysice at HERA and lessons fo
the EIC

Elisabetta Gallo (DESY and
University of Hamburg)

Stefan Schmitt (H1, DESY)

* Let’s suppose to have a very high Q? electron - Q’=4150
(reconstructed in the detector) and very high x, so }
that the jet disappears in the fwd region

* Reconstruct Q2 from the electron and integrate
cross section in x- from edge up to x=1

_ » Combination of H1-ZEUS data was
ﬁi{.ﬂ,s fundamental for precision PDFs

_ 5 and electroweak measurements in
particular (first one in 2006 for xF3

Q%in Gev?

DATA/THEORY
=
or
N
pi
o
of
o).
of
=)

® 7Eusep 18spbt ')

A ZEUS cp, 185 pb ™' (Integrated)

A. Caldwell B | T ADMIVIERAPDE 15 » Very high x still very unknown
htti/,’lnd|co.desy.de/md|co/event/10523 _____ CTI0UHERAPDE 15 region (Crucia| for Searches at the
“% 105;: v _cz,_#:-f——* » : : P MSTW 2008/HERAPDF 1.5 LHC)
e i = . : : SEHTEE LI, “=:%'= NNPDF 2 3’HERAPDF 1.5
L. o i)
P/ £ s i ‘ ncertainties in PDFs at _
:i/\" 1 — = HJ!“C.D“ highx still very high, » Strong attention to PDFs from LHC
E":EVL :Jy(( J‘ S =5 H AHULETID & these data at x>0.6 Community
e evjs =200GeV €, £400G8Y. , 1. . . .|

CND20.30.R0.506 07 BEOEA)  1iosberss colo 05y Yulia Furletova 6
X



e e ————
Last HERA fill

13000, 10 et SV e ] EAPWE L ] ey
HERA @+ 0.01:

Last fill 30/6/2007 at il
23:30

¥
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Wi a0 60 | Az b L

Thank You HERA
R.Z.P.

Elisabetta Gallo

HER# Sat Jun 39 B3:39:33 Zea7
pi0.80nAl @.080K] OLGeY] @+:0.8[mAd 2.9Lh] 2.0[GCeY]
Current-p CmAl Current-¢ CmAal, Lifetime-¢ [h]
1E° | J ) I ] | | | T ) 1 ] T | ] | ] ] ] ] | | ) ] 1 s‘e
Tauier

L N Protons N
180 e  S— — - I “heptons »
B - 48
& - , ‘ i H 38
48 - f < %al - 4 - P v g 4}

| \ ] | ’m“_'-_mw.,:.‘m,r_,
ze - a7 - ' 4 18
8 | AT | 1 1 J 1 1 1 1 1 LiA L 1 L 1 1 1 | L 1 1 ]

B & 4 4 0 19 12 14 14 10 20 X B 2 4 4 0 1R 12 14 14 10 20 22

Thank You HERR R.I.P. Tiwe [hl

* Picture taken at the party after the
last fill

* You have all a new project to start in
DIS
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. Impact of EIC on LHC
PDF fits Speaker: Timothy Hobbs
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.

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

1.6 r
14 1
1.2 |
RVl i

0.8
0.6

0.4 r 5EIC(G_)/5rel

02 + rel

1.6 F
14 r
1.2 ¢
1.0 A emea g A e
0.8
0.6
04 r
0.2 r

—_—CJ CcT

0.0 0.2 0.4 0.6 0.8ax 10 107? 1072 1071 x 10~ 1073 102 1071 x

100 fb-1+/s ~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 Vs=28.6, 66.3, 89.0 GeV
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T. Hobbs

PDF fits with pOSitrOn bearrl , BSM and EW with

e,V )
differing charge of the exchanged W+ boson is such that positrons at EIC
positron CC interactions are capable of probing a unique v, Z.W Wally Melnitchouk
combination of flavor currents inside the target hadron L (Jefferson Lab)
relative to an electron beam. p/ A_( é: q
p remnant

1.6 L i

2 | M:

1.0 bz A ___

0.8 F

0.6 F

0oL Oc(emet)/Bae”) Il ermaync+cc d+u ||fI @*=10ce? g

1.6 F
14
1.2
1.0
0.8
0.6

.~ —NNPDF

) —JAM
0.4 r — 4 F
02+ —CJ d/u CT d/u gl R,
0.0 0.2 0.4 0.6 0810t 1073 1072 107! T 1073 1072 1071 €T
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e B
Charged Current at ELC e e o Rversice

> Explore the high-x frontier
7 W > flavor separation

p/A N\ q  NC background rejection: need
U— p remnant 4Pi coverage for HCAL

-> Probing Strangeness with .,
charm jets.

CC-DIS, 10+ 275GeV, 0.01 <y <0.9, MET > 10 GeV

">

—— Rs= (s+7)/(u+d) The sensitivity,|Sf|, of the EIC
_e_ .
105 4 T Hobbs e—pseudodata to the Rs PDF ratio;
N Optimistic o Z_ . 10°/ CT18 NNLO, optimistic EIC scenario® ‘
) Q s 10 15 14 | e e pNC '.: 0.6
| e v e pCC . K
g 103 4 10 m e dNC . 05
O 1041 —— ~ 3 o o :
')_(' 3 3 | IS forRs BRI EERANE 0.4
S 102 ) | AR .
= SIS RINIRINE. |
—— ) 010‘ R M-
0.2
10%; 10
1 101
—_—— ‘
02 03 04 05 06 07 08 09 1.0 EEEEE : 0 T 5 = o0 00
X 10~ 102 10° P X
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Parity violation at EIC

do; —dopg

Apy =

do; +dop

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

With parity violation and Q? << 72

Inclusive electron measurements

pol. electron & unpol. nucleon:

2

vZ
[ ge 1 Y_ F3
A Y
Fl

GFQZ e

2V2na
unpol. electron & pol. nucleon:

7 7
GrQ? St . Yo g
A =
2V2na

]

Abeam =

+ — —
[gEV F)l/ gA Y.+. F)lf

o

—

—

E
3
<
&
gg
- ]
F© = Z eq;(8v)a; (5 +y)
f
7 - _

Fé = ZZEQ_f(gA)qf(QJ‘_Qf) )
— f <
_ f

§f = Y e @V (Aqs + A7)

f
7 _
& = Z €4,(84)q,(Aqs — Agy)

f
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 1’
with the deuteron result would allow to test EMC effect with a weak mediator.
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Yuxiang
Zhao  Eyr Phys. ). A, 533 (2017) 55
. i A 10 GeV x 100 GeV
101? A |
. A
I~ A ............
20 At
10° = SA A
= A
10°  Requirements on sys. control : e
; 6A(sys)/A < 0.5% |:> High precision polarimetry needed
B Correction due to lumi. fluct. ~ 5x10*
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A
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1 A
10'E = et
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. . !yres !reltas

WeClk m|X|n9 angle Yuxiang Zhao

Eur. Phys. J. A, 53 3 (2017) 55

. 0.2441 .
eXT r'ac T I O ns 0.2425_ Quenkifirst s *— EIC e-D: 10 GeV x 125 GeVlu
C v-DIS
In the Q2<<M?; limit, the weak neutral current contribution 024/~ { }+m;mmm
to DIS can be parameterized in terms of contact -
) . — 0238 — +— EIC e-D: 20 GeV x 125 GeV/u
interactions 2 [reve \
0;0.236_— PVDIS
GF 'u (t E [ ]
L="7% Z [Clq V' y5lqyug + Cag O 0qvuysq oz
0.232:— LEP
3 — - APVIRa) P2 Queak . |
+ Csq (4" Y5LqVu 754 | oz | M | -
. PR I T N T T N N ST N S ST T T S ST Y SO AN SO Y W
where Cj, denote the weak neutral current couplings. 0-2283 2 q 0 1 2 3
A comparison of the measured values of the C;; couplings Log,, u [GeV]
with the SM predictions can be used to set limits on the aep . OL =R _ Gu(=¢?) Ow®)
new physics scale A. R oLtor  4V2ma
y ~ 5(1 — cosfcpm)
theC44 andC,, couplings are functions of the weak mixing A~ Gu(—a?) ) 9 2oy 4.2 (1 Iy W y(1— 1)
angle By 4\ 2ra 14 (1—y)?
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e
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 Ceu[

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

Aagmerr

[ —207 1

Osm
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Different Wilson coefficients contribute for different electron polarizations
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SM SM SM SM
1 1
> BSM & = 5 +0 (F)
SM SM SM SM
Case 1
A% 1)
‘§§§\ Ced = Ced
\:\
NN
LN
AN
\\\\:
N\
\‘:\\
\\:\
\
\\:\\
\\\
AN
\\:\
\,
== == LHC (Drell-Yan) only \‘\\
SN
EIC (DIS) only (£ = 10 fb~1) ‘\\\\\\
N\
== | HC + EIC combined ‘\\.
L Y
-2 -1 0 1
M1 ]
Clq TeV?2



Charged Lepton Flavor Violation

* LFV in the neutrinos also implies Charged Lepton Flavor Violation (CLFV):

BR(p — ey) < 1074

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

Charged lepton flavor and number violation
Jinlong Zhang (Stony Brook University)
)

s
ty e- d
= However, SM rate for CLFV is tiny LepToquarks W
N due to small neutrino masses >
JW 5 - T :
N S * No hope of detecting such small e-/e+ 3 : LQ
" v, rates for CLFV at any present or 2 LQ 2
future planned experiments! NP CLEEEEE lq q - 0T
However, many BSM scenarios predict enhanced 9 9 Aiq
CLFV rate (LQ, RPV-SUSY , SU(S) etc.... s-channel u-channel
- J
) | Branching ) | Branching . . . .
Type | J | F| @ | epdominant process | Coupling cato Type | J | F| @ | epdominant process | Coupling atio §, > ngh Iumlnosl"'y (Nloo_looo hlgher‘ Then HE R A)
SE 102 -1/3 ] epur H{ ifj _AAL 1;; VE 10| +2/3 | efds _,{ i*j /)‘\L 1?;
sElol2]-13equn - fu| A 1 VE [1]0] 428 efdp — £ | Mg 1 > EICCTI"OH and pOSiTI"Oﬂ beam will pr‘obe differ'en’r 'I'ypes
SR10[ 2 <4/3 | egdn =  £d | Mg 1 VE 10| +5/3 efur » £fu| )g 1
: of LQs
B " u -AL 1/2 n td -\ 1/2
sb o] T au ﬁ{ vd | < | 12 | v 1o | T e *{ | M| 12 -electron-proton collisions, mainly F=2 LQs produced
4B lad - d | V| 1 53 |epu —  Cu | V2 | 1 -positron-proton collisions, mainly F=0 LQs produced
VII/JZ 1]2]-4/3 eidn — d AL 1 SlL/z 00| +5/3 eEuR - tu AL 1 . [
F BN ] ) i B A ) 7 v > eD (deuterium) vs ep collisions
172 —4f3 | ezdy, - Ld | g 1 ~1/2 +5/3 | efuy - ffu | A 1
Vi [ feun = D [ S (00 et = L [ 1] % | Qs are chiral particles, gain in sensitivity due to polarized

CFNS Annual Review (2 Feb 2021)

Yulia heams 14



o (fb)

CLFV: e to tau (lep’roquarks)

- Tau vertex displaced at cm level

--------------

0.100 ¢

0.001

3-prong tau jet; decay topology
important for T jet ID

1-prong: recovering higher
branching ratios; but background
control is much more demanding

Yulia Furletova, and Sonny Mantry

LR LR
!

-

Pe=[-80%80%) -

0.05 0.10 0.50 1

z= /111/131/MiQ

— PairDCA(dcat2,13,23) i % A%

—» Candidate secondary vertex
and tau path of flight (dl 1, :
2,3)

— DCA to primary vertex i /
(dcavo 1, 2, 3) iirt

®  Primary vertex

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

displaced vertex )

« Precise measurements of vertex (tau
vertex displacements 200 to 3000

— §y(e"), S“yale"

microns
— SRo(e"), 8 ule) )
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. Current limits set by HERA sitting
at sensitivities of a few fb
o The high luminosity of the EIC will
gain us 2 orders of magnitude

Yulia Furletova

40
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[=]

275 GeV

Jinlong
18 GeV Zhang

Tau children

Q% > 100 GeV?

2

Q? > 300 GeV?

[ Q%> 1000 GeV*

0 50

Angle for theta, radius for momentum



Dark Photon Searches

e+ , eifgii___§?_____‘:4:ii:fa'
e- p/ Ion//s/§

Dark Photon (U,A'): new mediator to a sector of

Dark Matter particles (MeV-GeV mass)

Weakly coupled to Standard Model through kinetic
mixing with ordinary photon — production in e*e

annihilation.

A' can be probed with e/~ p(Ions) (e.g. farget

experiments PADME at LNF, Adv. High Energy

Phys.

2014:959802; VEPP-3, arXiv:1207.5089 [hep-ex] )

Detection via decay info SM particles (e+/e-)
High luminosity is needed
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Yulia Furletova

visible decays through any couplings
1077

107

10

10°

Ross Corliss

by =

10

10~

5th force (*Be)
10-7

0.8MeV mass window
0.2MeV mass window

10—8 | ! T N |

Unsmeared MC 39fb—! 20x25i
ISR tree level sig. and QED only
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: Ross
A .
Dar'k Photon Searches e-/e+ s& Corliss
\
( ]13‘1 :) | (narrow) :
¢ 1\ p/IogA
E / ’:E / \1/2
Nere) ‘T ) (wide)
Ex=Epegn-my
e em AFE0 € E.=my . First analysis looks at e+e- decay, but hadronic final states
could be investigated as well
‘ Lab Eta e vs e* (Signal sample) ‘ LabBaevsetSmeaedSgna) -, The boosted kinematics significantly opens up the angle
. . "" - . *‘ between the decay Ieptons. creatir)g a specific topolo_gy
* = g o 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
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BN
Lorentz violating effects

HERA eRHIC

Enrico Lunghi

o(t)

e local sidereal time (7s)
U(TGB) ~ OSM (1 +co+ 1 COS(w@T@) + co COS(QQ)@T@) 4. )

Recent studies suggest differential cross section
x=36.4 x=49.1° x=46° measurements at the EIC will allow for precision tests
Pzeus=20° Nok Perric1=-78.57 Nok Paras=-14°NoE ¢ orentz and CPT symmetry in the quark sector and
=200 Nok Perric2=-16.82 NoE pems=-I42Nol: o441 increase bounds on quark sector coefficients by
two orders of magnitude over data taken at HERA.

> Lorentz and CPT symmetry are among the most well  * Expected bounds in units of 10~

. . . . HERA JLEIC eRHIC JLEIC eRHIC
established symmetries in physics. one year ten years

> However, many BSM theories admit regimes where IciL:iIl 6.4 %6.7} L1 Fl% 0.26 %11% 0.072 {9.3% 0.084 {11%

: Cy, 6.4 6.7 1.1 |11. 0.27 [11. 0.069 (9.4 0.085 |11.

one or both of these symmetries can be spontaneously ] 32. [33] | 1.9 [16] 036 [15] | 012 [16] 0.11 [15]

broken. leY Z| 32. [33.] | 1.8 [16.] 0.37 [15] | 0.12 [16.]  0.12 [15.]

leXY | 16. [16.] | 7.0 [60.] 0.96 [40.] | 0.44 [58.]  0.31 [40.]

l[cXX —cYY| | 50. [50.] | 6.0 [51.] 2.8 [120.] | 0.37 [50.] 0.89 [120.]
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S
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! ;-)
» Increase informal discussion time to compensate coffee breaks
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Thanks, CFNS, for support!
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Testing the chiral structure of the week interaction with
Charged Current DIS at EIC

. linear dependence from lepton

Yulia Furletova, and Sonny Mantry

polarization: 14 CCatEIC £95 CCatHIC
g C ep 10 GeV x100 GeV 5 ep 10 GeV x300 GeV
e*p _ L ep _ G312} 5301
Occ (Pe) - (1 * Pe) Occ (Pe - O) S Q%5100 GeV? g [ 1 Q’>100 GeV?
S1of Oosf
B Red: electrons - Red: electrons
Clear left-handed nature of °r lue: positrons 20F { lue: positrons
weak currents (W)): o 15
At HERA: - :
4 10 @
extrapolation to P.+ = —1: - - —
> o9 = —1.0 4 1.8 + 1.1oys pb ° °F
_".',,‘.”.\:Jllllll \Ililll Lodododododd bl \llill :|Jl:J|lAl]l (TR O OO O IO TN O 0 O 0 O A OO Y lodd ||1i1\‘
If not O for e- @P=1 or e+@ P=-1 008 206 04 02 0 02 04 06 08 1 008 206 S04 02 00204 06 08 1
h sics Polarization Polarization
=> new phy

Extrapolation o P=£1 => limits on Wy

-High energy, high luminosity and high polarization are needed
-High control under systematic uncertainties for lepton polarization (~1%) nhttps:/doi.org/10.1063/1.5040210
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