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The EIC community YR effort

The YR effort crystalised
the main physics thrusts of
the EIC and allowed the
community to determine the
best possible detector for
that physics

Some of the studies that
are being worked on for the
Snowmass LOI have
already made some
contributions/constraints
through this process
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Detector requirements

Table 10.5: This matrix summarizes the high level requirements for the detector performance. The interactive version of this matrix
can be obtained through the Yellow Report Physics Working Group WIKI page

(] T h e d ete Cto r (https:/ /wiki.bnl.gov/eicug/index.php/Yellow_Report_Physics_Common).
N L
req u I re m e ntS h ave bee n mn_ Nomenclature Resolution Allowed T'-“dd:ranmmv'r Si-Vertex Ilnsolu::amgli Mnn min E mm/p [ Separati | usolvﬁonmgli Energy Muons
compiled in several w2 o | aa <102 gei2
. |5.0to4.5 300 MeV pions
tables with feedback —
4.5 t0 4.0 wcm° 300 MeV pions 2%/NE(+1-3%) 50 MeV
from detector groups as partcies fom
. 4.0t0-3.5 ¥ p/A Y 50 MeV ~50%/NE + 6%
-3.5t0-3.0 50 MeV
to what is actually o P o
. . ’ i | o.1%T®$s% +40um o - - <7 GeVic ~45%/NE+6% muons
achievable in terms of e — T e S v e
|15t010 0.05%€B0.5% 7%/NE(+1-3%) | 50N UP |50 MeV improve
. to 1:1E-
construction it N oo * mey] o | e |, |
. looto0s ] Detect ~005%pTHO5% | (e X ~20pTdeV 50 MeV 230 | csunE<T% | Mev
o Deta| Ied detector mOdeIS Iﬂﬁiifi “ jom +.5 ¢m 50 MeV| = 15 GeVic ~85%NE+T%
10tol.5 opTipT <100MeV pions, 135MeV kaons | 9_xy~30/pT um |SOMeV| 530 GeVic |
. . ;: :: ;‘5’ ~0.05%xpT+1.0% +20um 3 mx <50 GeVic
exist at different levels fus P _— _—
2.5t03.0 opTipT ~ +40um (10- 50 MeV | s30GeVic
I 0.1%xpT+2.0% oxy~30/pTam 12)%/\’E(~1 -
which should enable e ] amaa
quick progress for e || g
35t04.0 ch;::";xlu capabilties are 50 MeV/
. irable fo
studies that we are oo | oo
. . 4.0t04.5 il 50 MeV 35%/NE (goal),
considering for the — -l i
4.5t05.0 =) 50 MeV e il
il e =1
Snowmass process R
262 02<pt<12
GeVi/c
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Detector concepts

= Elements n= 1.0
1 ZLEE BO (Dipole), QIER,Q1Ap |
25— siTrackers i
#2595 Solenoid Coil, Cryostat ‘ o
2 | = DIRC, mRICH, dRICH W
“iwses eTRD, iTRD
15| =—— TOF
=== EMCal - 4 A
| = lon HCal, Flux-Return : v
S L Peci e = .
o o T A ‘ 2 B !
HITIT=1 =
inE=ANmun
— 1 L L L | | - L L | L
=15 -6 -4 6
| H =

e Additional detector concepts are being worked on within the community
o As all this is in the design phase we should try to quickly give feedback to the
proponents to see if it is possible to enhance capability for this type of physics or at the
very least ensure we don't significantly lose capability with new designs
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F) D F fItS Tim Hobbs

e EIC will provide high precision data on proton PDFs on a large kinematic

range e .7
e differing charge of the exchanged W+/- boson is such that positron CC @
interactions are capable of probing a unique combination of flavor v
currents inside the target hadron relative to an electron beam. p/A |
p remnant
1.6
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:._), P e Tesm : \// ................... — & ( DAL
08 F
0.6 f
oy [ EC(emet) /Bra(eT) iy 1l et dyNC +CC d+w
1.6 V )
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1.2 b\
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02t

0.0 0.2 0.4 0.6 0.8 107! 103 1072 107! x 10!
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Charm jets in the CC reactions

10*
complementary to o
e neutrino facilities (vN). O
- 10°
" e+/e- beams => s/s-bar
10°
P
& i
8 = |Ve|®s + |Veal*d + Vi 0. 1
Ve Vs Vb 0.97 0.22 0.0037 1
V=|Vau Voo Vol =022 097 0.042 10
Via Vis Vo 0.094 0.040 1.0
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Yulia Furletova
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 1<Fh<20GeV (2 GeVsteps)
40 < Fh < 200 GeV (10 GeV steps)

(10 x 100 GeV) : ‘
Plmiss>100eV . 1
Q2> 100 GeV2




NC extractions e

e, v Yuxiang Zhao
With parity violation and Q2 << Z2 VW
: /A
Inclusive electron measurements ; i
p remnant
pol. electron & unpol. nucleon: , )
B2 = ) e, (gv)e, (s +1y)
A Z
A Gr" fy A + 8 v F; =1 > f
beam = A y VZY Y ” A
2V2ma " By B % = 2 ey (galy gy )
7
unpol. electron & pol. nucleon:
yZ =
/7 /7 &$1r = eq;(8v)q (Aqs + Affy)
A = GFQZ [g ) ge L.g)l_ | > 1 ;
2\/_71& V AY+ F)l/ i
© g = Zeq_f(gA)qf(Aqf—Aqf)

f
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NC extractions

102 5 AGy (%)

Nobuo Sato

]-OI-Stt.():EE::.= ii | -

at (p Ll ! : i i
. Stat (d) :EEEEEH!.!' JAM il marfed
gl PEEA ooy DEREREE .| PHRIC/S dy =d—a **g

e With 100 inverse fb of ep data the EIC can put significant constraints on the unpolarized

strange contributions

e While the eD statistics simulated for the YR has been only 10 inverse fb it is still very
important data to have (the potential to run more would bring a pretty large benefit)
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Ayres Freitas

Weak mixing angle extractions

€ e

I//U V/V ep 9L —9R G,u('—q2) F;Z 5 y(l — y) FgZ

Z i . ALRNO, +O’ =% 4\/5 ny +(1“‘45|n gw)1+(1_ )2 F’Y

7 Qw(e) = Qw(p) =1 —4sinbyy L+or ra | F] 2
y=1-—E/E.

6,p7N eapyN Ffzquq(fq‘Ff(j)

FY% = 3,409 (fa+ 1D
F]’_YZ - 22(1%1931(]‘}1 ar f(?)

Need precise knowledge of PDFs for
100 GeV? < Q2 < 5000 GeV?

m Polarized e~ on d for Q% > Aqcp
m d is iso-singlet — PDF dependence approximately cancels in LR asymmetry:

m Assuming valence quark dominance and charge symmetry: e Current studies suggest that

fu= fa, PDF uncertainties will be small
fam Jq= Joeb™ f5gp~0 enough for weak mixing angle
= M (=g#)[o 9 1-— ' '
AP, (=g i s y(1 —y) . extrgctlons to be precisely
4\ 2ma |5 5 14+ (1-y9) obtained from ep data
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. Yuxiang Zhao
NC extractions Eur. Phys. J. A, 53 3 (2017) 55

107F
: e-D collisions 10x50,10x125,15x50,15x125,20x125
L GeV/u
c B Electron beam polarization 80%
o
§> "Requirements on sys. :
5<CL Correction due to lumi. fluct.~ 5 x 10 0.244 Eur. Phys. JLA,533 (2017) 55
\E 10'2 — i . r —e— EIC o-D: 10 GeV x 50 GeVlu
g - 4 e-D10GeV X 50 GeV/u nl Qweak(first) B S
¥ [ 4 eD10GeVX125GeViu N7 0'242: E18 VoIS e
O L - —— EIC e-D: 15 GeV x 50 GeV/u
.+ e-D15GeV X 50 GeV/u 0.24— e e
A e-D15GeV X125 GeV/u C '
- & e.D 20 Gev X 125 GeV[u a 0238__ _— \ ~— EIC e-D: 20 GeV x 125 GeV/u
10‘3 1 1 1 - ) llI 1 1 1 11 lllI 1 1 | L1l llI 1 1 1 11 50.236_— PVDIS
1 10 107 10° @ Tt r
?0.234—
e The weak mixing angle extractions are in a region that has not 0 232:_
been probed before and overall reach similar precisions as SoLID - APV(Ra) L -
B oller
e Beyond the weak mixing angle extractions if we use the CC 023 ¢ b % {
current measurements on deuteron we can obtain similar if not 0228: s a sl i ca ifis es iViea el sws aliaia
better precision than with positron beams for flavour 3 2 . 0 1 2 3
Log, 1 [GeV]

decomposition
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NC extractions

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

0.244
0.242
0.24
2 0.238
£0.236
) -
“0.234
0.232
0.23

0228

e
Ay, Q2 =2, x=0.0041
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Jinlong Zhang

Ay Q2 = 5500, x = 0.4500

10

Entries 101
Mean -0.4369

RMS  0.0031

0

L 1 M
-0.45

—4 ;

e PDF uncertainties are fairly small compared to the

- Entries 101

L. ~—o— EIC e-D: 10 GeV x 50 GeV/u Mean -0.0002

I Qweak(first) | RMS 0.0000

— #— EIC e-D: 10 GeV x 125 GeV/u

C E158 v-DIS 40F

| ) —&— EIC e-D: 15 GeV x 50 GeV/u |

:_ —+— EIC e-D: 15 GeV x 125 GeViu

- «— EIC e-D: 20 GeV x 125 GeV/u B

- [apvics) \ 20}

- PVDIS -

- 0||JIJ

C 04 02 0 0.2

 APV(Ra"

- ;a) Iloller:; r"‘“" {Souo - o

- statistical precision of the data

;' — '2 — '_'1' — (‘) S '1 — é ——— e We are working to understand if we can use the proton
Log, 1 [GeV]

data to extract the weak mixing angle on top of the
deuteron result published by Yuxiang
e This data should allow us to get larger statistical
precision and have a larger reach in Q
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Weak mixing angle extractions

0.244
0.242
0.24
3 0.238
£0.236
t
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Eur. Phys. J. A, 53 3 (2017) 55

Qweak(first)

|Amc=)

APV(Ra')

<

PVDIS

~—— EIC ¢-D: 10 GeV x 50 GeViu

#— EIC e-D: 10 GeV x 125 GeViu

E158 v-DIS
~#— EIC e-D: 15 GeV x 50 GeViu

—+— EIC ¢-D: 15 GeV x 125 GeViu

~~ EIC e-D: 20 GeV x 125 GeViu

| LEP

} SoLID [N stac

0
Log, 1 [GeV]

0.242

0240
.
0.238 +—-—r il

0.236+
C £ M elfective pO
0231._ time-like "hadrSn1
g ——e space-like "hodrSni17
0.2321
0230_ aller £ ’
1 v-DIS (NuTeV)
0.2281 il j 5 ' t
10 10" 10° 10 10° 10°
Q (GeV)
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Chrlstopher Cocuzza

245
l JAM—l—EIC
E158 v-DIS*
0.240¢ {
e PVDIS
0.235
0.230 g SoLID
.. 2 EIC
0.225t SNl (Ow) | )
1072 107¢ 100! 10 10" 102 103
Q (GeV)

e EIC kinematic region is unexplored and has the potential to
constrain some theoretical uncertainties
e Clear analysis pathway for the eD data
O This will require quite high statistics for it to be meaningful

e ep data is proving to be quite useful in initial studies
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Charged Lepton Flavor Violation

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

* However, many BSM scenarios predict enhanced CLFV rates:

e SUSY (RPV)

SU(5), SO(10) GUTS

BR(p — ey) < 10754

However, SM rate for CLFV is tiny
due to small neutrino masses

* No hope of detecting such small
rates for CLFV at any present or
future planned experiments!

Sonny Mantry

LEFV transitions

LEV Present Bounds (90%CL)

Future Sensitivities

BR(p — ev)
BR(T — ev)
BR(7 — )
BR(pr — eee)
BR(1 — eee)
BR(7 — ppp)
BR(7 — un)
CR(p — e, Au)
CR(p — e, Ti)

Left-Right symmetric models

Randall-Sundrum Models

LeptoQuarks

‘\\\w Stony Brook University

CR(p — e, Al)

4.2 x 10~13 (MEG 2016)
3.3 x 10~% (BABAR 2010)
4.4 x 10~8 (BABAR 2010)

1.0 x 10~12 (SINDRUM 1988)

2.7 x 1078 (BELLE 2010)
2.1 x 10~8 (BELLE 2010)
2.3 x 10~% (BELLE 2010)

7.0 x 10713 (SINDRUM II 2006)
4.3 x 10~12 (SINDRUM II 2004)

4 x 10— 1% (MEG-II)
10~9 (BELLE-II)
10—° (BELLE-II)
10~16 Mu3E (PSI)

10—9—10 (BELLE-II)

10~9—10 (BELLE-II)

10-%-10 (BELLE-II)

10—'® PRISM (J-PARC)
3.1 x 1071 COMET-I (J-PARC)

Ciprian Gal
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Go qs %

u-channel

|F| =2
F= 3B+L

s-channel

* With electron beams, LQs couple to:

|F|=2:
-quarks in s-channel
-antiquarks in u-channel

F=0:

* With positron beams, LQs couple to:

|F|=2:
-antiquarks in s-channel
-quarks in u-channel

[taken from a talk by Y. Furletova]

= - p\/
LQ | o
-—-- : LQ
e . e N
s-channel u-channel
F=0

-antiquarks in s-channel
-quarks in the u-channel

F=0:
-quarks in s-channel
-antiquarks in the u-channel

13



CLFV: e to tau (lepto-quarks)

e T e\‘/ e T e\'/ €E—=>T
2 LQ : qa 3 LQ : ' Replace
i ' LQ i 'LQ current jet
— = 1 = 1
fa i qg/‘\T I L % Tau decay mode and branching ratio
s-channel u~channel s-channel u-channel - 3-prong 15.21 (0.06)%
Fipan |F| =2 - RRTATY, 9.31 (0.05)%
1 = wte 'y 4.62 (0.05)%
: — ) - others (kaon, etc) 1.28%
[SM, Furletova: in proceedings for JPOS 17] 2 1-prong 84.58 (0 06)0/0
0100l - WO, 17.39 (0.04)%
- ey, 17.82 (0.04)%
=~ L . 2 -y, 10.82 (0.05)%
€ 0010F =~ ===~ - - E P o5~ - - - - - - — SRy(e7), Stiple’) o] .
-y, 25.49 (0.09)%

— SFy(e*),S 2(87)

£~ 1000 fb" |

Pe=[-80%,80%]

0.001

0.50 1

Z =/111/131/MiQ

e Sensitivities to the CLFV(1,3) would be enhanced with positron

beams (can search for specific LQ)
e 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

‘\\\‘ Stony Brook University

- B 22%. 9.26 (0.10)%
. Y8 S 1.04 (0.07)%
- others (kaon, etc) 3.24%

- others 0.21%

- Tau vertex displaced at cm level

- 3-prong tau jet; decay topology
important for 1 jet ID

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

Jinlong Zhang
275 GeV» 18 GeV

Tau children

Q%> 100 GeV?

Q%> 300 GeV?

LI B B

Q%> 1000 GeV?

LI I B s B

50 o 50

Angle for theta, radius for momentum

e Assumes hadron calorimetry in the central barrel

Ciprian Gal
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Dark photons

i visible decays through any couplings
107 4

w

107

107

10°¢

10 107 1

10 mi A) | GeV |

(Borrowed from APEX) e Ee=my
Fe-=

Lab Eta e”vs e* (Smeared Signal)
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Exclusions from Visible Decay w/ Leptonic Coupling

10-5 Ross Corliss

106

5th force (®Be) i
Unsmeared MC 39fb—! 20x250-beam

1077
ISR tree level sig. and QED only
0.8MeV mass window ]
0.2MeV mass window g
10-8 L el L el v el Lo e

10! 102 103 10 10°
mal [MeV]

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
Only consider QED background for now
With 6 months of running 25 on 250 (~39 fb™') we could reach similar
sensitivities than BABAR but in a wider mass range
Measurement would benefit from improved charge sign reconstruction (PID)
Higher eta coverage would lead to access to lower mass dark photons
There is still the possibility that the muon g-2 anomaly could be explained by a
dark photon with a purely leptonic coupling
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SMEFT hesi .+ o0.s2) Daniel Wiegand

2:H° 3:HD? 5: > +he.

Qu | (H'H  Quc (H'"H)O(H'H) Qe | (H'H)(lye, H)
Quo | (H'DH)" (H'DH)  Quu | (H'H)@yu,H)

Qun | (H'H)(Gpd, H) 1 'm
SM SM SM SM e [l | ) S
—— . — ed = “ed
:> » 1 1
D D — — aam—
Tk B vo(L) |
SM SM SM SM o T oo
o ot
1 o
Non-SM operators suppressed by powers of 7 o
- Higher dimensional operators built from SM -2} J
fields — — LHC (Drell-Yan) only N
; ; — — EIC(DIS) only (£ = 10 fb~1) \\\“\“
e i : 4| —— LHC+EIC combined -
- Modification of SM couplings/EWSB/... i i i T i) l i | | o
- -2 -1 [] (1) [ 1 ]
lq [Tev?
Quantify deviation from SM
through comparison with data SMEFT suffers from a large number of flat directions

ﬂ::) We presented a strategy to lift 4-Fermi flat directions
- Model independent constraints on new physics The futire EICHill eoraplemsntLEC Hats
- Maximal gain from data |-I::> Combine EIC observables with different polarizations

additionally to LHC measurements
- Part of the LHC legacy

L? Interplay of different measurements improve bounds significantly
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Lorentz violating effects

o(Tg) ~ osm (1 + o + ¢1 cos(wgTe) + co cos(2wgTe) + -+ +)

¢ local sidereal time (Tg)

e Construct an extension to the SM where the vacuum expectation
of a constant background field is not Lorentz invariant
o For example: the lifetime of a boosted muon and the lifetime
of a muon at rest but measured in a boosted frame would

differ

e This would lead measurements varying with sidereal time

‘\\\‘ Stony Brook University

Based on: = H
A. Kostelecky, E.L. and A. Vieira [1610.09318] Enrico Lunghi

E.L. and N. Sherrill [1805.11684]
A. Kostelecky, E.L., N. Sherrill and A. Vieira [1911.04002]

¢ Expected bounds in units of 10-5

HERA | JLEIC eRHIC JLEIC eRHIC
one year ten years

[cEX] 6.4 [6.7] | 1.1 [11.] 0.26 [11.] | 0.072 [9.3] 0.084 [11.]
le2*| 6.4 [6.7] | 1.1 [11.] 0.27 [11.] | 0.069 [9.4] 0.085 [11.]
|cX 2| 32. [33.] | 1.9 [16.] 0.36 [15. | 0.12 [16] 0.11 [15.]
let?] 32. [33.] | 1.8 [16.] 0.37 [15.] | 0.12 [16] 0.12 [15.]
leX¥| 16. [16.] | 7.0 [60.] 0.96 [40.] | 0.44 [58.] 0.31 [40.]
XX —c¥YY| | 50. [50.] | 6.0 [51.] 2.8 [120.] | 0.37 [50.] 0.89 [120.]

¢ Coefficients in the photon, electron, muon, proton and neutron sectors are
strongly constrained.

© The quark sector is much harder to constraint because of the nature of QCD

® We focused on electron-proton Deep Inelastic Scattering and Drell-Yan for
which high statistics measurements exist (and are possible in the future) and
found that bounds in the 10-5: range are attainable using existing HERA/LHC
and future EIC data.

¢ Analysis of a subset of Zeus data is undergoing

e Future studies include
» Impact on PDFs (standard and polarization dependent)

» Inclusion of weak effects (Z-pole observables, ...)
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Positron beams

Interference + Two-photon physics
Physics * Generalized parton distributions
+ Neutral and charged currents DIS
orctie « Charm production
Functions

* Pion and kaon structure

* Charge conjugation violation
Standard + Right-handed W-bosons
Model Tests + Dark photon search
* Leptoquarks, leptogluons

Charged current measurements in e*p DIS are potentially capable of

improving our knowledge of PDFs by providing;:
e Better constraints on d/u in the large x region

e Additional constraints on J/ u to complement information from lepton
pair production

545

e Constraints on — without the need for nuclear corrections

Wally Melnitchouk

Two photon exchange contribution changes
sign for e+ and e-

bl

Mo X o o Moy

+
0.(3

2Re { M} M, }
¢~ |M0|2

Exclusive photon production .
Eric Voutier ?MJJ LS:‘LQB’H

| Beam Charge Asymmetries |

Using polarized electron and positron beams, we are proposing to measure

- The unpolarized beam charge asymmetry A%, which is sensitive to the CFF real part
- The polarized beam charge asymmetry Af;, which is sensitive to the CFF imaginary part

- The charge averaged beam spin asymmetry A9, which is sensitive to higher twist effects

Observal;les

‘\\\w Stony Brook University

ac . WFEYD) - +Y) c . =Y = (Y =) o . EEHEYE) (A Y5)
W yr ey Ay B CL A N 2 ol e ELA S 2 o e
—__9wr ___ Owr _ Opycs
Iy + Opycs _ opy * Ggvcs ~ o3+ 9pvcs
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Conclusions

e The high luminosity and polarization at the EIC opens doors to physics that are
not normally associated with nuclear physics

e Many of the BSM studies that are being investigated are fully complementary to
searches being done or planned at other facilities around the world

e The addition of capabilities to the detector or the machine (positrons, mirror
nuclei) would make it a truly unprecedented machine in it's physics reach

{case 1}
visible decays through any couplings Ceu [ﬁ] \: = - @
¢ of = Caa - : : 0.245f
= g o B 7 .
\ [EEFTEEECEEY, J RS J AME:IEPIC .
: Jr— : 0.240( t {
Ny, 0.8fs=""
3 _ PVDIS
/ / 0.6t 0.235}
N L2 :': 0.4F i
. JAM Uy =d 4T =33 0.230f [ SILID
— — LHC (Drell-Yan) only \:1;11‘ 0.2r 5EIC/6 —d, =d—u "*g ’ Sin2 (0 ) EIC
y : i o e il %‘\" 1077 10‘73 1672 10LI x 0.2251 3 2 Wl 0 | 2 3
s} = LHC+EIC combined N e — = k
10 10 1 10,,L:.4-'\|Gp\f| 3 10 10 IOQ (EO; \/1; 10 10
o ’ <y [l €
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Backup

‘\\\‘ Stony Brook University

Ciprian Gal

20



CT18 NNLO, g(x, 100 GeV)

TJH, Wang, Nadolsky, Olness;
PRD100 (2019) 094040

Tim Hobbs

EIC and LHC workshop

0 0.2 0.4 06 = 08
Quark transverse momentum (GeV)

I m paCt On H E P extra Ctions —ESTIMATED ¥ PULLS FROM EXPTS.—
15 —m precise data sensitive to the
gluon PDF Higgs region
ATUAS, 170107240 for example 5 stk i el 13
Channel | my+ —my- | Stat. Muon Elec. Recoil Bckg. QCD EW | PDF | Total h\ére
[MeV] Unc. Unc. Unc. Unc. Unc. Unc. Unc. | Unc. | Unc. iz [TICEBME —
W —ev -29.7 ‘17‘5 00 49 0.9 54 05 00 | 241 ‘ 30.7 = 259 ATLBZpTOT 109 cdhswi3
W — uv -28.6 16.3 11.7 0.0 1.1 5.0 04 0.0 | 26.0 | 33.2 2 542~ CMST7jtR7y6T 10 ccfrf2.mi
Combined | -292 | 128 33 41 10 45 04 00 | 239280 5 - 21;‘::;‘: 5 ::6‘;‘:“
; = :Z;/:s!m - cdizjtCor2
e The limitations on HEP extractions are e
mostly coming from PDF uncertainties
e \We have reached a limit on extractions Sf, £, ~ Corr{fa, 3]
. . 10°* 10  0.010.020.05 0.1 0.2 0.50.7
using the current data as they pull in - o
different directions
o  The EIC would play the vital role as a arbiter I : |
(particularly with high precision dataset) IR vt T S
e Measuring both NC and CC for electron . — et
and positron beams allows for a simple s [ i iy
deconvolution without nuclear effects | RS SO S 21
L @NCep '
- A CCe'p o |
r W CC ep ' wv{n»»nn:nw drcc =
[ #NCeTp | wedesmeds |
al o 5 oenel vl )
107° 1078 107 1073 1072 107" 1
X In
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|Sy]
12 * an EIC affords
1.0  strong sensitivities
0.8  without a nuclear
0.6  target; here, at
04 both very high and
2'2 very low &
forx — 1
Yy Yo y
7W;f F 7acW3+ - Ewg
~[1 -y a(d+s)
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Ayres Freitas

Weak mixing angle extractions

/E e/_ At the EIC
R e , o_—o0 Gl—) N2 N7
AP~ L R ... el DI Ol NS R Glt(_q ) F _ y(1—-y) F3
Z2lq R™ o1 +or 4\/2na S ALR~0L+0R  4V2na F” A~ 2 9W)1+(1—y)2 Fy

y ~ 3(1 — cosfcm) y=1-E,/Ee
Fy =% 44q(fq + [
e,p, N e,p, N Need precise knowledge of PDFs for FIVZ ; ; qq (fq+ )
— — s D 2 2 1 = 2q%9v\gq q
Qw(e) = Qw(p) = 1 — 4sin GW 100 GeV* < Q2 < 5000 GeV

e . . F? =25 ,409%(fa+ 1D
m Radiative corrections must be included: ! AR

1 —4sin? ow — [1- 4’$(“) sin? 9_(“)] i AQ(H) m Polarized e~ on d for Q2 > AQcp

AWZ — Z/(Iszf _ QSQQ%) In m%/]W% m d is iso-singlet — PDF dependence approximately cancels in LR asymmetry:
0-2"2_ I m Assuming valence quark dominance and charge symmetry:
0.24041 , Ju= fa,
0.238 - ——— el fam fg= focp ™ f555~ 0
5 0.23¢] v . Cu(-aD[9 _ o 9 " —3)
= ] —-  comeirecive poco AP, L — —sin“Oyw + (1 — 4sin“Oy)———
o?é‘ 0.2344 —— tme-like "hadrSn17° LR 4\/571-(1 5 W 5( W>1 + (1 - y)Q
‘n space-like “hodrS5ni17”
0,289 o s -
.5] I b - e Extractions from different ion will need a
03584, M A i asisilings [ licated lysi
L T L T I G more complicated analysis

Q (GeV)
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EIC kinematics

10%¢
S =
3 1 <Fh <20 GeV (2 GeV steps)
10 g 40 < Fh < 200 GeV (10 GeV steps)
E (10 x 100 GeV) .
10%¢
10
1¢
10"

10° 10% 10° 102 107 , 1

‘\\\‘ Stony Brook University

Other methods would require a good
knowledge of hadronic final state :

Hadron energy => x

b) Jacquet -Blondel method
(only method for CC)

1
YiB = Z_EB ; (Eh —Pz.h) s

Yulia Furletova

p/A

p remnant

e () +(2))

c) Double angle method

4E?2 siny;, (1 + cos 0,)
siny, + sin @y — sin (@ + 71)’
sinfy (1 — cosyp)
sinyy + sin@y — sin (@ + 1)’

2 =
Oba =

YDA =

Pip— (X (En ’Pzﬁ))z
P%‘_h o (Z;. (Ep — pz.h))z

CoSyp =

Ciprian Gal

d) Sigma method

Ly (En = pzn)
)’ez - E—Pz )
, _ (Evsingp)’
Oam—F =
=y

Note: Does not depend on initial
electron beam energy, less
influenced by a initial state
radiation

And many other methods ....
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