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Outline

* Electroweak physics at an EIC

(ANucleon spin structure
»Measurements in e-p(n) DIS processes in the past decades
»Weak neutral currents at an EIC offer a new opportunity

dThe weak mixing angle sin?6,,

* Simulations and projections
JGenerator and detector smearing
Projections on unpolarized/polarized structure functions and sin?6,,

* Summary



Spin structure study Before EIC
---Structure functions and PDFs in e-p(n) DIS processes

Experimental observables PDFs

Unpolarized cross section Unpolarized pdfs:
3 (o) f<x>-qT(x> - )

Unpolarized structure functions Quark-Parton Model =z Z 2(fi(z) + fi(z))
QPM
FY FyY Fy(x) = 22 (a)
Al A
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Polarized structure functions

9. g,

Polarized pdfs:
Helicity dlstrlbutlon Aq q'(x) - g¥(x)

g1(x) = Z JAq(x

No g, mterpretatlon in QPM

SIDIS to access TMDs, DVCS to access GPDs ... 3D era ... ongoing efforts



EIC offers new opportunities with weak neutral currents

Anselmino, Efremov, Leader, Ji ...

Phys. Rep. 216 (1995 - ity violati
vs: Rep. 216 (1395) With parity violation and Q? << Z?
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New structure functions
---y-Z interference structure functions

pol. electron & unpol. nucleon: unpol. electron & pol. nucleon:
}
re ve GPQ Y_ g1
Apeam = GFQ F g%r Y- F3 ] AL = [ v—r + gqu y ]
\/_TCCE 2Y, F]l’ 2V2na 1 F;
y _ 4 -
B2 = Y e, (gv)g, @5 +p) &7 =Y (g, (Ags + Agp)
f f
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Abeam

New structure functions

---y-Z interference structure functions

pol. electron & unpol. nucleon:

GFQ2 Fy e Yo F}IZ
_2\/5 [gAP)/ gVZY Fy]
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unpol. electron & pol. nucleon:

}

Ap = GPQ +ng gl
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W exchange in DIS region
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Parity-violating asymmetries in e-D collisions

= Deuteron has same amount of u and d in x>0.2 region

= APV ~ 20/3 sin%Q,, -1
" Fundamental quantity in SM, constraints on new

physics, such as new Z boson etc.
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Parity-violating asymmetries in e-D collisions

= Deuteron has same amount of u and d in x>0.2 region
= APV ~ 20/3 sin%Q,, -1

* Fundamental quantity in SM, constraints on new GrQ* | F
_ e 1
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Simulations

 DJANGOH generator simulates DIS processes including QED and QCD
radiation

v'Developed by Hubert Spiesberger and used at BNL for the EIC Charged Current study

* Electron-proton collisions to study new structure functions
v'The data is binned in (x, Q2) two dimensions
v'Doing Y dependent fit to extract projections on F,¥?, F,Y?, g,¥*, g.Y%

* sin%@,, projections are from electron beam asymmetries in e-D collisions
* Highlights of the projections:
v’ Cuts:

d Q%> 1GeV?, W, >2 GeV, y>0.1, p cut for structure function studies
d Q%<6400 GeV? and x>0.2 in addition for sin?6,, projections

v Unfolding for kinematical migration due to radiation and finite detector
resolution



Day-1 EIC Detector (ePHENIX)

Hadron Calo.

Evolution of EprlEnix into a
Day-1 EIC Detector

Kenneth N. Barish
UC Riverside

El EI Please refer to ePHENIX LOI for the details

AERRENENNENNNNNERRRRRRNERNENEERRRRRRES 11
sssssss mm)  fsPHENIX &, EIC Day-1 Detector




Detector smearing

Barrel (-1.1< 71 <1.1) | electron going direction
| 6 (mrad) 10 1
Tracking = | ¢ (mrad) 0.3 0.3
B ] 0.65% (+) 0.09% * pr 0.65% (+) 1% * pr
EMCal: 2 3% (+) 11.7%/ VE 1% (+) 2.5%/ VE
\ 4 \ 4
Reference [2] Reference [1]

Reference [1] ePHENIX letter of intent: http://arxiv.org/abs/1402.1209

Reference [2] sPHENIX pre-CDR design report: https://indico.bnl.gov/conferenceDisplay.py?contfId=1483
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Luminosity and polarization table (e-p collisions)

e-p collisions 10x100, 10x250, 15x100, 15x250

Run time luminosity 1034 /cm?2/s
Detector efficiency 70%
Beam efficiency 70%

Beam time for running 2.5 years
5 months per year = 12.5 months

luminosity after all efficiencies 40 fb* per month

Proton (electron) beam polarization 70% (80%)

Uncertainty of proton (electron) beam polarization 5% (2%)




Luminosity and polarization table (e-D collisions)

e-D collisions 10x100,10x250,15x100,15x250,20x250

Run time luminosity (per nucleon) 1034 /cm?/s
Detector efficiency 70%

Beam efficiency 70%

Beam time for running 200 days

luminosity after all efficiencies 40 fb™* per month

Electron beam polarization

Uncertainty of electron beam polarization




*Unpolarized structure functions
le-p collisions

lelectron: longitudinally polarized
proton: unpolarized

Jintegrated luminosity: 500 fb




. . )
Predicted asymmetries Aug = EL [ 1
@ Beam Asymmetry for 10 x 100 GeV 2 ‘\/ETCO(
E 1 % A Contribution from FIGZ/F1G
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OA/A as a function of x
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Unpol. SFs projections after unfolding

relative error of F1gz

vt a0 10 X 100, unfolded
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*Polarized structure functions
Je-p collisions

Je: unpolarized

p: longitudinally polarized
dintegrated luminosity: 500 fb
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Predicted asymmetries A= G2
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Predicted asymmetries

Ratio

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

A 10 GeV x 100 GeV, G1GZ_asy/A_L

10 GeV x 100 GeV, G5GZ_asy/A_L
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OA/A as a function of x
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Pol. SFs projections after unfolding

relative uncertainty
o
N

—
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relative error of G1gz
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*Weak mixing angle

Jde-D collisions

Je: longitudinally polarized

D: unpolarized

dintegrated luminosity: 267 fb' (200 days)




SOA/A for e-D collisions

o A/A for e-D collisions

eD 10X100 GeV
eD 10X250 GeV
eD 15X100 GeV
eD 15X250 GeV
eD 20X250 GeV

;»»»»y

102

107 il L il Ll

1 10 10?

Polarimetry ~1% at the beginning
and then 0.5% for higher energy
and higher luminosity

R&D proposal :
target at 1% in the first stage

Experience:
Parity experiments drive the
precision frontier of electron
polarimetry: SLAC, PREX/CREX,
MOLLER, SolLID
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World data of sin?0,, including EIC projections

0.244
- Qweak(first) .
0242~ e 200 days of dedicated run
0.24f— Els Y
= 1 mmm EIC 10 GeV x 100 GeV L L.
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‘:‘q B APV(C ) \ m EIC 15 GeV x 250 GeV / to SoLID measurement
m; 0 236_— * EIC 20 GeV x 250 GeV
& _ PVDIS
0234 - * Interesting Q? region never
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Summary

* Presented the projections of new unpol./pol. structure functions
JUnigque combinations of PDFs
(dBrand new, never been measured before
dindepend inputs to the world data with high precision

* Presented the projections of weak mixing angle
(dDedicated 200 days of beam time
(dReach relative high precision in an interesting Q? region

* Ongoing efforts...

dinvestigating the impact of the measurements of these structure functions on
PDF fits

s Almost done with pol-PDF impact study using DSSV re-fit
**Unpol-PDF: HERA code to do re-fit

dSystematic uncertainties
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Backups



Center-of-mass table

Beam energy configuration (e x p, GeV )

Center of Mass ( GeV )

10 x 100 63
10 x 250 100
15 x 100 77
15 x 250 122
20 x 250 141
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What holds/glues hadrons together

@ Spin structure

Mass structure

‘ Dynamics of gluons

‘.':,‘ X y ’ % y . ot
.‘) - 3 \. < " -
- = Proton

Quarks Mass = 16Bx10 %€ 9

Mass = 1 7T8x10% g
s e a0 ~ 99% of proton mass

~ 1% of proton mass

30
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A newly proposed Facility, Electron lon Collider

With TO

precisely image the sea quarks
and gluons in nucleons and nuclei

Ja versatile range of kinematics
Jdbeam polarizations

Jhigh luminosity dexplore the new QCD frontier of

Adifferent beam species strong color fields in nuclei

LA

T L8 .. .
NPT ) dresolve outstanding issues in
understanding nucleons and
nuclei in terms of fundamental

building blocks of QCD

P

Al

Leptons
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EIC: the world wide interests

HERA@DESY LHeC@CERN eRHIC@BNL JLEIC@JLab HIAF@CAS ENC@GSI
Ecn (GeV) 320 800-1300 45-175 12-140 12> 65 14
proton x,. 1x10= 5x107 3x10% S5x10% 7 x102>3x104 Sx10-3
ion p ptoPb ptoU ptoPb ptoU p to~4Ca
polarization - - p, *He p, d, *He (5Li) p, d, *He p,d
L [cm-2 5-1) 2x 10 1032 1033-34 103334 103232 5 103 1022
P 2 1 2+ 2+ 1 1
Year 1992-2007 2022 (?) 2022 Post-12 GeV 2019 > 2030 upgrade to FAIR

Germany CERN uUsS China Germany
\ ) \ )
| |

The past Possible future



Check of detector smearing
---theta
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Check of detector smearing
-—-phi
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Check of detector smearing

---dp/p (for 5 +/- 0.1 GeV particles)

Q | ~0.0079F
=) Q- N
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Parametrized detection resolutions for inclusive electrons

Barrel: -1.1<eta<+l.1 Forward: eta > 1.1 (in my simulation using DJANGOH, electron going direction is the positive direction)

Tracking: Tracking:

dpT/pT = 0.65% (+) 0.09%*pT, [2] Fig 4.32 dpT/pT ~ 0.65% (+) 1%*pT, [1] Fig 3.4

dTheta ~ 1@ mrad dTheta ~ 1 mrad

dPhi  ~ ©.3mrad dPhi ~ ©.3mrad

dE/E = 1.0% (+) 2.5%/Sqrt(E). [1] Sec 3.3.1
dE/E = 3.0% (+) 11.7%/Sqrt(E). [2] Fig 5.23 / (+) 2.5%/5art(E). [1] sec

Reference [1] ePHENIX letter of intent: http://arxiv.org/abs/1402.1209

Reference [2] sPHENIX pre-CDR design report: https://indico.bnl.gov/conferenceDisplay.py?confId=1483
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Projections on the measured vield (before unfolding)

relative error of F1gz relative error of F3gz
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Projections on the measured yield (before unfolding)

relative error of G1gz relative error of G5gz
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Projections on measured vyield

Absolute error of sin2thw
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Absolute uncertainty

Projections considering bin migration
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