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The inner life of hadrons
Parton distribution functions
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s(x) and sbar(x) where do we stand?

NNLO, Q = 100 GeV
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A. Accardi et al. Prgrgn PDFS ar h[:gh X
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> more studies in progress
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HOW TO ACCESS SEA QUARKS IN DIS

SIDIS:

] ] scattered lepton
incoming lepton

Detect identified hadrons in coincidence to
scattered lepton

L - needs fragmentation functions to correlate

— " hadron type with parton
A > Detector: PID over a wide range of 1

target nucleon

virtual photon

uu

Charge Current:

W-exchange: direct access to the quark flavor
no FF - complementary to SIDIS

-> Detector: large rapidity coverage and large /s

tag sea-quarks through the sub-processes and
jet substructure

- Detector: large rapidity coverage and PID
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Observables: Charge Current in ep and eA
W-exchange: )
direct access to the quark flavor

Ws are maximally parity violating
- Ws couple only to one parton helicity

W +p— ud
W_ + ﬂ - d‘_l Neutrino

Complementary to SIDIS:

d high Q?-scale: > 100 GeV?
[ best way to measure at very high x
0 extremely clean theoretically

effective neutron target:
(un)polarized Deuterium or /and He-3
through tagging the spectator proton(s)

O No Fra gm entation function Deuterium spectator protons: He-3 spectator protons:
. g SET 5 3ET 18
- stringent test on theory £t 106ev x100 Gev ||| £ . 10 GeV x 166 GeV [
approach for SIDIS asE "k i

3F E

UNIVERSALITY of PDFs R ; .,
12: O ® 1 e N ®
ElG: e, & :
. 0.5F @ E _a T—i 2
= 05(:) E:O 7|0 BIO 90 100 110 1&0 11|30 1l|1-0 150 ° ?1_0 1é0 11|30 .1£|I-0 150 16:)/)170 180 15|!0 200 0

p [GeV] p [GeV]
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Observables: Charge Current in ep
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10tk HERA CC e+p DIS data 7 -
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Projected CC DIS data: ./; o ®
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charge current events (O) a ;
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Observables: Charge Current in ep and eA

Just some of the physics opportunities:

polarized ep/en:
O test models based on helicity retention Ad/d > 1

(Phys.Rev.Lett. 99 (2007) 082001)
O precision test models assuming charge symmetry violation
O precision test handiness of Ws
d tag charm in coincidence with CC event > As

unpolarized ep/en:
Q impact on PDFs > high x quark PDFs
» tag charm in coincidence ot CC event > s
[ precision constrain on light quark weak neutral current couplings q,, v,, a4 v4

unpolarized eA:

O Test Models for the EMC-effect
> charge symmetry violation
> Isovector EMC effect

(Cloet, Bentz, Thomas et. al., PRL 102 252301 )
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CC@EIC: Impact on PDFs

Generated 10 fb! worth of ep CC events with DTANGOH for 20 GeV x 250 GeV

XIFITLer is used to get the impact on PDFs

good agreement between pseudo-data and prediction
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Impact of CC@EIC to PDFs

11 G’ =1.9 GeV’ g [ @ = 1.9 Gev"
;. C ¢ HERAPDF2.0 Jl 2 L 4<HERAPDF2.0
E i 2a HERAPDF2.0-profiled - & HERAPDF2.0-profiled XU = XU + XC
C 1.05—
vost y - : XD = xd + xs
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1 - S0 R N Ot R R w —_— —
005 _
0.9 v —
0.85
10" o1
B F e 5 T o Very strong impact on xD
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- very promising first results
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What can an EIC Do?

Should study what NC and CC cross sections at EIC can tell us on the
vector and axial-vector weak neutral current couplings
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Ch.vanHulse, I. Borsa, R. Sassot, ECA

o What can SIDIS@EIC Teach us
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PDFs: flavor separation from SIDIS@EIC

Use reweighting method to define EIC SIDIS data impact on

collinear unpolarized PDFs and Fragmentation functions _
30 : exp. uncertainty

Correlation factor of observable O to a flavor i Observable

account for .
_ (O fi) —(O){fi)  uncertainties _{0-fi) — (O){fi) A PDF in Observable

i:O 3 > S iaO = s
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PDFs: flavor separation from SIDIS@EIC

Use reweighting method to define EIC SIDIS data impact on

collinear unpolarized PDFs and Fragmentation functions _
30 : exp. uncertainty

Correlation factor of observable O to a flavor i Observable
account for

oy O fi) —(O){fi) uncertainties o (O fi) = {O)(fi) A PDF in Observable
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Js=45 GeV

PDF Constrain from SIDIS@EIC
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PDF Constrain from SIDIS@EIC

Js=45 GeV
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Utilize the same method as for PDFs

FF Constrain from SIDIS@EIC
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Example for Jet Physics at an EIC:
Unpolarized and polarized photon structure

Details: X. Chu, ECA arXiv:1705.08831
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Photon Parton Structure

In high energy ep collision, fwo types of processes lead to the production of di-jets:

e e
Y Y
q
q
q T
q/ 4
P U P U
direct: point-like photon resolved: hadronic photon

Di- jets@EIC ideal probe to constrain (un)polarised Photon-PDFs

* Direct/resolved contributions can be separated reconstructing xy
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unpolarized cross section:

— 10’
Q O 1 LI ll 1 1 1
c 8 ——
‘\/',: 7 A —k
& 10 — A
5 1o e
)] % A
o | © 10° o U
o) o —O—
—_— 4 —V— — O
EJ:O 10 v
i
n—A—q
10° — Ay
——
10 o A
1 E-Quat=1" P

—K— x[*°=0.7-1 ("10")

10-1 —A— x{%=0.6-0.7 (7 102)

—H— x{*=0.5-0.6 ("10°)

2 [ —— x°=0.4-0.5 ("10%

10 —¥— xI*=0.3-0.4 ("10°)

3 [ —&— x{*=0203 ("10%

10 —M— x®=0.1-0.2 ("10)
10-4 i(;ec-o o 0|1 L1 L L L

10%
di-jet

Photon Parton Structure

polarized cross section:

E‘ 106 | LI II | | | LI II
c —K—
b 5 —K—
—~ 10
'HN/\ —/A\—
.q_).. 4
< 10 ——
o —f1—
N= | 3
£ o 10
o| O
f— n—O—q
© 102
@ —O—
S 10
1 n—A—q
OLdt=11b"

— i — —¥— x[°=0.7-1 ("10")
—A— x*°=0.6-0.7 ("10%
— o= B xzeczo.s-o.e ("10°
—— x{*°=0.4-0.5 (10
—¥— x[*°=0.3-0.4 ("10°)
—A— x{%°=0.2-0.3 ("10°)
— x[*°=0.1-0.2 (" 10)
—@— x/*°=0.01-0.1

ool Coco el
10° di-jet\2 132
(p, " ) [GeV’]
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INT-2018 Week-3

E.C. Aschenauer



10° _ Photon Parton Structure

1.8 —
42 C Jet from the photon S|de ' Jet from the proton side
5 1.6 Qg—ag e q9—ag
Q ——4d4-qq e q9-qq
© 14 g9g—,g9q 0 mone 99—499
— gg—gg A\ I 99—499

1.2
Jets from photon and proton side

are well separated in n for' quapke=="
initiated pr'oceSSesﬁ —

0.8
0.6
0.4
0.2

'p_ fraction>0.3 E:
B p_fraction>0.6 3
[ ] p fraction>0.8

7:
+

identified hadron tagging in jet “E .
enhances flavor sensitivity sf

o

o
apdoe bbb b b b L bty
T T T T T T I T T




What else can be done

?\

S = and the
""“Lsr CRUSHDE

\:A\

| Vm’wJVJVLJ.

4%,

The Holy Grail
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Why should we care?

Spin ideal tool to understand the dynamics of sea quarks and gluons inside the hadron

Despite decades of QCD - Spin one of the least understood quantities
- Consequence very few models, but several physics pictures, which can be tested
with high precision data

Q the pion/kaon cloud model
- rooted in deeper concepts > chiral symmetry
- generated g-gbar pairs (sea quarks) at small(ish)-x are predicted to be unpolarized
- gluons if generated from sea quarks unpolarised - spatial imaging
- a high precision measurement of the flavor separated polarized quark and gluon
distributions as fct. of x is a stringent way to test.

A the chiral quark-soliton model
- sea quarks are generated from a "Dirac sea" with a rich dynamical
structure but excludes gluons at its starting scale
> sea quarks are polarized > asymmetry A= Ad
- a high precision measurement of the flavor separated polarized quark
as fct. of x is a stringent way to test

O stringent test of lattice calculations
- the relative importance of lattice graphs
= probe quark is connec’red to the pro’ron wave function or

\ is created fr'o-’. 4
v % y “'l'( N,

TN

(1 . : '
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What we have now: JAg(x)
DSSV: arXiv: 1404.4293, PRL 113, 012001

DSSV: arXiv:0904.3821 Impact in NNPDF

DSSV*: DSSV +all new (SI)DIS
DSSV: DSSV* & RHIC 2009

II IIIIII| T T IIIIIII T T T TTTT[ 0.25
' Q" =10 GeV~ -

I ! | !
T\ XAg(x,QP=10 GeV?)

03—

0z

xAg

0.2

0.15

01

....... ) - PP __-::?‘:_..-_I
L T LT TR R ol - .
. : sty EEE L Pt | I - - u_'l
T ¥ 5 d L .
LR i . - -
0 i * . o # ;
e ———— —— == = g t

I H
[T T - 0.05

01

L DL L SR
|

- —— D55V

02 L1 ol L1l L1 ||||||-
3 2 1 -0.1
1.0 10 10 10 x 1

| dxAg~0.2£) @ 10 GeV? 0.5
0'05 .:Z::ZZ:::E 1 11 I||||| ] [
First time a significant 10° 107 10°

hon-zero Dg(x) X

O strong constrain on [Ag(x) i -
O first[Ag(x)>0 only STAR jets included

consister
of ) )

[ INNPDFpol1.1
[ ]NNPDFpol1.0
== positivity bound

-J-I-I-I-I: -I-I-I-|-I- T I-|- I-tl-l-l TT J-I-l-l-l-l- J-l- I -I-I-I-I:-I-I- Ak j-l-l-l-l-l-l T

=k

L.
(("um
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G¥ -Dependence

0.25
15 ]
2 0.2 .
AY; :
xAg i
10 0.15 7
0.1 A
5 ]
0.05 .

0 0

0.05 0.1 hls 0.2 0.25 0.3 035
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Why is separating quark flavors important?

Why is separating quark flavors important?
» nuclear structure is encoded in parton distribution functions
» understand dynamics of the quark-antiquark fluctuations
> flavor asymmetry in the light quark sea in the proton
unpolarized: ubar < dbar Helicity: Aubar > Adbar TMDs: 222??
> shape of polarized sea-quark PDFs critical for quark contribution to spin

%)

IIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| LILBLLRLLY
» AS(Q)= [Aq,(x,Q")dx |

L Q*=10GeV

o
o

] AX does not converge at low x
i > due fo current constrains put in the fits
. > strangeness was identified to be one of the

least known quantities
» both unpolarized and polarized

[ NNPDFpoii.0 rAs(r) = rAs(x)
from
SIDIS

(i:jx DS(x,Q

1
><I‘||

f

©
~

0.2 == DSSV 2014

with 90% C.L. band

eRHIC data:

15~ 100 GeV
.+ 157 250 GeV
.+ 20~ 250 GeV
all bands 90% C.L.

0.08

o
[=]
&
III|III|III|III|I
o
&
S
==}

o~ 0.04
-6 5 -4 3 2 -1 [+ ]
10 10 10 10 10 10 Xminl i 0.02
1 —
[ dxAS ~0.366 £ @106eV> Y S IR
o

0.001

1s* moment

S inclusive]

by 3F-D  -0.0e DIS.dats

L:dx[AS+A§](x)=—0.1 102 [ AN Y N e Lo .....1
X

[ dxAS ~ 0243 @106eV*
0
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present vs EIC kinematic coverage

i LI I 1 1 LI I 1 1 LI I 1 1 LI I 1 1 LI
L | 4 .
N> 10“E  current polarized DIS data: -
3 £ OCERN aDESY oJlab-6 O SLAC :
~ " current polarized BNL-RHIC pp data; |__llkewise for Q° |
Olo 3| ®PHENIXp® aSTARI-jet vW bosons i
§ S JLab-12 ]
10°F E
10
i RS O
EIC ;);tydé( coverage /\055/
~2 decades <
1T _ . SSBEREERSS
= L1 1111 1 1 | I I T | I 1 1 | I I T | I 1 1 | I I T | I 1 1 | I I | l:
-4 -3 -2 -1
10 10 10 10 X "

INT-2018 Week-3 ' : " E.C, Aschenauer


http://arxiv.org/abs/arXiv:1206.6014
http://arxiv.org/abs/1509.06489

What forms the Spin of the Proton

Spin is more than the number 3 | It is the interplay between
the intrinsic properties and m‘rer'ac’rlons of quarks and gluons

*0:‘1' . gluon angular
What do we know: quark spin spin momentum
A AL
Lu=(pLi deAS(x.0°)+ [ dxAG( Q)‘”d( 4L
= = KAS(x,0?)+ f XAG(x,0%)+ f X E +
2 ’2 QCD 2 2 fO 0
(\1\ 15 LLLLLU B LIL |||||||’ UL R L ||||||l (\1'\ 1 [ T T :l LU B L .._ . 08 [ W LLLLL I L B B L LLLL I LRLLL R L
2: DIS+SIDISdata | —— DSSV 2014 o I O
ke no pp data in fit ' with 90% C.L. band | 1% ' = DSSV 2014 < DSSV 2008 — DSSV 2014
(@)] i RHIC spin : \w/ O 8 B : with 90% C.L. band | o) 0 6 | 90% C.L. band with 90% C.L. band |
i 1k projected data up to 2015! | ()] ] DSSV 2008 = L
O : ] pas ! 90% C.L. band a
X r : TE.XE : +
i 06 - i - R 04
r i i o
05 : n ! =
3 i i %02
0 __ ............................................ Edt .................................. i QI 0 I
- idata L - |
—
Q° =10 GeV
0.5 [ I 1111 I 1 IIIIIIII 1 IIIIIIII 1111 I 0.2 B ‘ ‘ L \HHH‘ HH‘ I ul
10° 10° 10" 10° 107 10 1 10° 10° 10" 10° 107 10 1
min min
-- Quarks —  orbital angular
momentL .
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How to decompose the Spin of the Proton

To determine the contribution of quarks and gluons
to the spin of the proton, one needs to measure
the cross section difference g, as function of xand @?

The current knowledge about g,
as function of xat Q%=10 GeV?

B 1 II[-_I“III I‘".I IIII'_.!‘III 1 II IIIIIIII 1 IIIIIII LI Illlll
5| 'L 11 DSSV2014 _
L B amncen
(<l..\ ok .g,n"": ________ i :

W G s g,(QD)
quar'k contribution: X ¢t Lo uncertainty -
The integral of Agover xfrom O to 1 > T , | ®EIC

RS A Lo pseudo-data
gluon contribution: STk g 33 -
dg(x,QE)/dInQ? > Ag(x,&Q?) 313

[ GiE 010

I Ll IIIIIIII I
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9,(x,Q%) + const(x)

a the way to find the Spin

M.Stratmann, R. Sassot, ECA: arXiv:1206.6014 & 1509.06489

50

40

w
o

N
o

10

unseen precision and x-Q? coverage

I — Present
+ x=5.2x107° (+53) uncertainties
EIC projected data:
04* 8.2x107° (+45) v Vs=44.7 GeV

b} Js=63.2 GeV

e 13x10°(+38) ¢ s=141.4 GeV

— o+ » 21x10* (+33)

e o o o 3.3x10%(+298)

+ o e o . 52x10%(+24)
o

, 8.2x107(+21)
el e o s 1.3x10°(+19)
! 2.1x10'3(+17)

LA o e ry r

o, 3.3x10° (+155)
. o mg—a——gs 52x10 (+14g

I 2.1x10°
3.3

Fixed target
DIS data

8.2x10 (+13)
¥ w——u——ei—o —eo 1.3x10° (+12)
(+11) — NN h—Ah—o———0
x10" (+10) ———%——%——h—— A ————°
5.2x10" (+9) ¥ %% % —e—0o 0
8.2x10° (+8) ¥ — % ——%— W —ei— 00—
1.3x10° (+7) — %N ——%—Wm—ei—o
2.1x10° (+6) —y ¥ ¥
3.3x10° (+5) —y—%¥ ¥ ¥ %
52x107M(+4) w—¥ —wu O ey

\ IMIIL‘LL

AT

d*o ,
cross section: ———~ L W*
dQdE' "

[T :
wH =g F, — P P_F, +%£“"’wq}“s

+L28u,vlo
1%

q*(p+qs°® —s+qpo)z,

&—— PpQCD scaling violations

dg,
—~—A ,
dlog(Q) g(x,0%)

AZ(Q7) = f 2,(x,0%)dx = f Aqf(x,Q )dx
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scaling violations at small x

rough small-x approximation to Q2-evolution:

dgi 2 spread in Ag(x,Q?) translates into
d10g(Q?) o —Ag(z, Q%) ﬁ spread of scaling violations for g;(x,Q?)

O need x-bins with a least two Q? values to compute derivative (limits x reach somewhat)

smallest x bins require 20 x 250 GeV — Js < 70 GeV
2 = - :_I_I'I'I'I'ITI] LILBLILLLL - T ||||||I'|_I_I'I'I'I'T'I:E': T T T T illlll.:
15 F  x=13x10" 4F = x=33x107 JE x=52x107 JE x=8.2x107 3
1 E - - - 4E =
. % BN | : i 1E 1
I A |- N E obe0 foetes 10
V= ¢ incl. 202504 - — JE q4 —
= E £ 1k i ©0
- - 1 IIIIIIII Ll LLLLL - 1 Illllld L L LILLILI - 1 IIIIlId Ll LlLium 1 IIIIIIII L1 111l '_o.
O 6 __ __ LI | IIIIIII LI IIIIE __ 1 Illlllq LILLLLRL __ LI Illllq 1 IIIIE __ LI IIII]II LI IIIIE —O
s - x=2.1x10" JF x=3.3x10" JF x=5.2x10" qF x=8.2x10° 1 ™
04 3 El3 3 El E
OF  sema0® §F El3 3 El3 : E
o ol L e g |||||||] L 1 |||||||l pvnd B ol L1 18111
2
1 10 | 10 1 10 1 10 1 10 10

Q? [GeV?] Q’ [GeV7) Q” [GeV~] Q° [GeV7] Q" [GeV7]
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What forms the Spin of the Proton

The polarized SF g{x,Q?)as
measecsd rtad BCHIE fow twvhigh /s

I + X=5.2"10" (+53) gl(X’QZ) * conSt(X) ] E 0.3 : | I | | | l | | | I | :
: fr— I,heorr)t/a_ ¥< 0.2 :— —:
40 - q 8.2710% (+45) neertainty . ‘?; E E
EIC projected data: 2 0l =
o 1310 (+39) eRHIC + JLEIC A - .
v \s=447 GeV S 0F e
e e 2110° 39 4+ s=632GeV ] - .
30 | 7] + 01F -
o e e, 33710°(29) ¢ s=1414GeV f‘; = \§ =44.7 GeV .
S X | o .
N ,H o e o o 52710%(+24) ﬂ i % -0.2 - | — ;l;:cltz.zr-ﬂzo.mev__
l 82710 (+21) . - ‘, _ ]
__";~LT:’_—_'_—_‘.____ - ———— _ 2 - . BN \s=44.7 - 141.4 GeV
R 1(;1(1109)(+17) jI— - 0.3 Lt 0I2 L (I) Lo 0|2 .
| m 33°10° (+159) ' 3
e 20 5 - dx (Quarks + Gluons) (10™°< x <1)
I oee 82710°(+13) ]
‘__'__,u__“—_o‘_—ﬁ—o—o—O 13710 (+12)
F 217107 (+11) v % T TA— A —Oh O —&—0 ]
10 + = 202 %wzm)‘—*—n—‘—‘—ﬂ——'—'—*vi_ - " on . S
s.z’1oz(+3) D A ) | . .
fredtarget 170 ] Only with the center-of-mass energies
DIS data Vel available at EIC the different contributions
il R (| e R e EPRPET . .
S 2 T to the spin of the proton can be disentangled

\\‘ix.v 150906489
. ! ‘ .
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Where does the Spin of the proton hide

total
“Helicity sum rule:” q:sirnk gluon  angular
spin
y et wan

1 1 1 [N
q q

=

{\15 T |||||I'I'| T |||||I'I'| T |||||IT| T |||||IT| T |||||I'I'| LI | —_ T |||||IT| LBLERLLLL AR T |||||||| T |||||IT| T rrrm 08 T |||||IT| T |||||I'I'| T |||||I'I'| T |||||IT| T |||||IT| LINLBLRLLLLL
- 4N - -4 ~ -
S DIS+SIDISdata ~ —— DSSV 2014 1 | . 1o |
X L no pp data in fit with90% C.L.band | X | EIC projections: == DSSV 2014 | < B DSSV 2008 — DSSV 2014
(@)} . .. with 90% C.L. band e 90% C.L. band with 90% C.L. band
g L RHIC spin EIC projections: | ¢ 0.8 - mm s=775Gev -4 — 06 [ L
< 1k projected dataup 0 2015 o _ 775 Gev/ ]1a | 5= 1227 Gev %/S;%\L/é(n)(?S 1 = | EIC projections:
JOF L B 5 =122.7 GeV ] -és N+ s = 141.4 GeV o {0 - BN \s=775GeV
_ L B+ Vs = 141.4 GeV == - 4 + - W+ s =122.7 GeV
B | 0.6 - — 8 0.4 |~ mm+s=1414GeV
i 1 ' Ja
05 - 1= L
3 1802
. i T'_.XE |
O S __ Q Oy
L i 1 -
- Q?=10GeV? 1 .
- i 1 IIIII|_|J 1 IIIII|_|J 1 IIIII|_|J 1 IIIII|,|J 1 IIIII|_|J 1 ||||||__u _02 Il \HHH‘ Il \HHH‘ Il \HHH‘ Il \HHH‘ 1 IIIII|,|J L
05 6 5 4 3 2 1 6 5 4 3 2 1 6 5 4 3 2 1
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Xmin Xmin Xmin

orbital angular
momentum

1/2 -  Gluon - Quarks
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SIDIS@EIC: HELICITY PDFs

Can cover the same kinematics for g;™¥ as for g;

- will constrain Aq yet, small x behavior completely

AL unconstrained
J 004 - determines x-integral,
] which enters proton spin sum

| _'"'l LR H | "_'"'
0.04 [ XAu AL xAd

0.02 — — — — 0.02

* includes data for
O Js=45 GeV & 70 GeV

1002« can be pushed to x=10- with
J/s=140 GeV data

002 AE
: """ DSSV : : 1
- B DSSV+ & EIC 5x100, 5%250 | J

-0.04 ~ 1 o -0.04

all uncertainties for AX2=9
IIIII 1 1 IIIIIII 1 1 IIIIII-- 1 1 IIIIIII 1 1 IIIIIII

T T T T T T Pr T :::::2 03 * Lox x-behavior for As is artificial

004 XAs 1 XAg : due to constrains put in the fits
: i 302  3F-D
0.02 g il 1.0, > EIC can remove all constrains
(: o issues”:
002f 1,, °(SI)DIS @ EIC limited by

: ] systematic uncertainties
e 1 02 need to control rel. lumi,
Y B polarimetry, PID pe

0.04
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probing a possible asymmeftry in the polarized sea

O current SIDIS data hot sensitive to Ati(x) — Ad(X)(known to be sizable for unpol. PDFs)

M many models predic‘r sizable asymme’rry [large N, chiral quark soliton, meson cloud, Pauli blocking]

Thomas, Signal, Cao; Holtmann, Speth, Fassler;
Diakonov, Polyakov, Weiss; Schafer, Fries; Kumano;

Wakamatsu; Gluck, Reya; Bourrely, Soffer, ...

0.1

0.05

[ can be easily studied at an EIC

main effect expected to be at not too small x

- can test x dependence

[ can try to look into a possible
As(x) — AS(x)
with K*/- SIDIS data

0

0.05

x(Au -Ad) .

B DSSV+ & EIC 5x100, 5x250 -

------ XQSM - --- CTEQ6 x(d-u) A

all uncertainties for Ax2:9 —
IIIIIIII 1 IIIIIIII 1 L1 1 1111




Observables: Charge Current in polarized ep

Polarized CC cross section

LIS L L L L L L L L L IO L 25 T Frrrr[rrrr 1t 11111

Q*ds““/dQ? [pb]

L x dsCCldx [pb]
NLO, 0.01 <y < 0.95 '

20 = 0.01<y<0.95

15

20~ 250 GeV: T 207 250 GeV:

10 ~ —-—-—-

- Y ."/ 4 4
10 /A i
...... I /A s

T,
Approximate behavior of the LO single spin asymmetry
y >0 y=1/2 y > 1
AW—,p Au(x)-Ad(x) 4Au(x)—éﬂ(x) Au(x)
B ) WO +d) 1) similar o what is seen in
AEV‘,n Azgg;é(‘_’g) 4%&;;2@;) % W production in polarized pp

. )‘
W\ .
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- A Polarized EW PHYSICS

e W+/-
= _ w-, _ 3 _
AW-N d2AcV N [ dxdy g P(x)=Au(x)+Ad(x)+Ac(x)+ As(x)
L T 2~W-,N _ _ _
- N . dGl /Idxdy g}’V (x)=Ad(x)+Aui(x)+Ac(x)+As(x)
[ 07(18) ] More Details: arXiv:1309.5327
- %T i ’ : S ’ ’ T ) ’ ’ a.h'—.,l 0.47 (1.6) T 10 T \l T T T T T T T T T | T T T I\I T | T T T | T T T | T T T | T7T 10
2 U —— 4 031(14) D02 E \ /' 1 ] D02
: 02012 : 8 .\.\ ............................................ .I, ............. 4 38
- \
-~ 0125(10) ] B / 1 .
. 008(08) - LO T N /
o 0.05 (0.6) — NLo ] a0 ! B 4
SO - Adld—1 - \ /
F e 0.032(04) 7 1 _ 1t
Ay AP+ o] ' el —)
O |_| 1 |)(_ |. 1 |((|:_| |)I Il Il Il Il || I 1 —l 0 I 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 I__ __I 1 1 I 1 1 1 1 I/ 1 ? 1 1 1 I 1 1 O
0 F 2 x=0.013(c=0) corrTTT "] 006 -0.04 -002: O 004 -002 0 : 002
[ 002(02) A\ﬁV N_c [ Dd(x,Q?) dx [Dii(x,Q?) dx
I~ :0.03205(0(3)6) = ]2.0 | T | \I T | LI L LN L 0|05| T T | T I_ _I\I T | T T T T T T | IO.(I)SI | ™T I_ 10 2
a bk 008(08) i Dc o 8DC
- 0.125 (1.0) -
i ————  0.2(1.2) 6 [ 6
e . 03104 R
-2 __ % - E . .E .o .s .......... ‘E 0.47 (18) __ 4 . 4
R L ] N 1t ,
- 0.7(26) - r 1t ]
o . X 1k _ ]
- ‘{—{—}‘{ N 0 _I I L1 | I L1 1 I 1 T 1 I |- I -l I_ _I 1 1 I 1 1 1 I I\I 1 I 1 1 1 I 1 1 I_ O
' T o v N 7 -0.26 -0.24 -0.22 -0.2: -0.18 06 062 0641 066
[Dd(x,Q% dx [Du(x,Q? dx

0.05 0.05

a INT-2018 Week-3 : " E.C, Aschenauer


http://arxiv.org/pdf/1309.5327.pdf

Summary

[ More work to be done on unpolarized PDF and FF constrains
> but EIC will be critical for PDF and FF constrains

> did not discuss inclusive DIS and F,¢> but coverage better then for eA
arXiv:1708.05654

O EIC at high /s the only machine to unravel the different components to

the spin of the proton
> critical for low-x behaviour

[ CC important observable for flavor separation and testing limitations of SIDIS

Questions to be answered before an EIC

O effective neutron target: /s Deuterium: 100 GeV Helium-3: 166 GeV
> He-3 larger x coverage proton equivalent /s: 250 GeV
> what is the better choice with respect to nuclear effects

O What are the limiting theoretical factors to determine high-x PDFs?
> what is the golden observable to constrain g(x,Q?) at high x

0 How can we measure Lgand Lg from Jaffe-Manohar

0 What are the golden observables to learn about hadronization
> Correlations between different rapidity ranges and distributions inside jets?
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Inclusive Cross-Sections in eA

arXiv:1708.05654 cc .
Sro4(%,Q )-Ioglo(x)llo
o o o o o
=3 5:eJrAu o \s=31.6GeV O O k 2 N C w2 €
S 45_ s Vs =44.7 GeV I_‘C) O - 01 DD O1 W 01 b O1 C
@) - o Vs=89.4GeV s @ EE@ggoooo0 ®
o y World Data (A > Fe) B oo o s 2 2 2 o s T
—_ w0 o = N ° Telo
A AF =3 08 ¢ — CT14NLO+EPPS16 N \ﬁ\\ 5%, T
< o K2 a0, : 8, 0¥0"
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15-.. .W 10 L E ) 81 R 2 dﬁlﬁlﬁl
O X=0.2X - : (=] o
O [0/ on—en—emo—sm—omo—emo—om—oO— 1 o " " R © © - 2 0 A~ W
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— 1 _ - o w N = Ml + O O O
1F o—=—en—n—ononon—om—u—o—0 X = 2.0x10 g - gg g % < r Deee
Tt —en—on——em—em—omo—omo—mo—O X = 3.2x107 < C -0 " g 0
O 5 N > 1 D g é § >
: T——en—on—en—om—omc—em—om—uo X = 5.2x10 Q
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O- 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 [ |

10?

10

Direct Access to gluons at W
medium fo high x by tagging °\

photon-gluon fusion throug hao©

DESY 2017
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Direct Access to Gluons in eA

For Details: arXiv:1708.05654

0.08¢
O [ e+Au ; o 5=632,77.5,89.4 GeV
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photon-gluon fusion through
charm events
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EIC: Impact on the Knowledge of 1D Nuclear PDFs
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Ratio of PDF of Pb over Proton

O Without EIC, large
uncertainties
> With EIC significantly
reduced uncertainties
O Complementary to RHIC
and LHC pA data.
Provides information on
initial state for heavy ion
collisions.
0 Does the nucleus behave
like a proton at low-x?
- relevant to very
high-energy cosmic
ray studies
- critical input to AA
O submitted to PRD
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probes of nucleon helicity structure

Af(x) = F0(x) - 2 (x)
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DIS SIDIS Pp
Aqg+ Ag Aq, Ag pions, kaons Ag 1-jet, 1-hadron

Ag  charm, 2-hadrons Aq., Agq W' bosons
guiding principle: factorization
g DIS gas= 3 [ dz Af(z,Q7) dAd. (P, o (Q%))

f=q.q.9

essential: QCD corrections gA 5 — dAGEC + . dAGVEC 4+ .
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