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Assignment

Parton distributions at short distances and high energy

“» to review the progress since last Long Range exercise
“* What should be expected in the next 5-6 years?

* What are the need and future opportunities?

See also A. Deshpande et al, Ann. Rev. Nucl. Part. Sci. 55, 165 (2005)
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Hadron structure at short distance

< Known fact:
Hadrons are made of quarks and gluons, or partons
% Question:

How to understand hadron properties and structure
in terms of partonic dynamics?

\/

» “snap shot” of a hadron
- seen by a hard probe at a short-distance

Parton number densities and momentum distributions,
Parton helicity or spin-dependent distributions,
Multi-parton correlation functions, and etc.
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Parton distribution functions (PDFs)

Defined as a consequence of QCD factorization

<+ Experiments measure cross sections

2
Inclusive DIS:  5,,(x;.Q%) oc g ZN P
% DIS cross section measures PDFs
if the collision is dominated by a single hard scattering:
! /xP =< P = ! ¥ xP ® ;;) r

\\ J

0 (%0,Q7) = o) (%,Q%) = 268 (%, %.Q) € 0,4 (1,Q7)

+» PDFs are non-perturbative, but universal PDFs

===p |nformation on hadron structure at short-distance
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Spin-averaged PDFs of a proton
» Oever 20 years effort of QCD 6Global fits:

===p Modern sets of PDFs with uncertainties

7~ 1"| T I ! T TorTT I ! T T T T
“C')z - NLO Q?=10 GeV? _ Q?=10 GeV?
X osl . MR 1 osk I cTEQ6.1M
X

1 TTIT
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Spin-averaged PDFs of a proton

» Oever 20 years effort of QCD Global fits:
===p Modern sets of PDFs with uncertainties
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Consistently fit almost all data with Q > 2GeV
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DIS structure function
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Gluon distribution over 20 years
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Gluon distribution over 20 years
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Gluon distribution over 20 years
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Uncertainties of gluon distribution
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Spin dependence of PDFs

+» Spin-averaged PDFs:

P

o= X
+» Spin-dependent PDFs:

q(z) =

|

(transversity, GPDs, and etc - covered by other talks)

P+ o~ i
—}.—\?

“» Not much information, as well as people's effort
on spin-dependent PDFs until recently
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Spin-dependent PDFs of a proton
<> DIS data on g1 + QCD global fits:
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Spin-dependent PDFs of a proton
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Spin-dependent gluon distribution

+» Spin-dependent gluon distribution:

Ag(z) = @—' - %—'

“* Net gluon helicity:
1
AGQY) = [ dufg(z,Q?)
0

< Proton helicity sum rule: P - cucicl by Gilicly £
A
1 1 ‘4 \
S =AY+ AG + Ly + L,

Quark spin
~ 0.1 EMC, SMC, E142-155, HERMES
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Spin-dependent gluon distribution

+» Spin-dependent gluon distribution:

noe) - @ - - @

“* Net gluon helicity:
1
AGQY) = [ dufg(z,Q?)
0

< Proton helicity sum rule: P - cucicl by Gilicly £

11 —
~ = ZAY 4+ AG + L, + L,
2 2 f

Extensive effort at RHIC, HERMES, COMPASS

Quark spin
~ 0.1 EMC, SMC, E142-155, HERMES
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NLO
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Semi-inclusive DIS

=>
| ) HERMES, COMPASS
jet(s), cc, ...
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Semi-inclusive DIS

=
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Polarized hadronic collision - RHIC

—> v,jet(s), 0, ce, ...
PHENIX, STAR
Very rich final states
Variable collision energies
=
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Polarized hadronic collision - RHIC

—> v,jet(s), 0, ce, ...
PHENIX, STAR
Very rich final states
Variable collision energies
—> o2
< o aae i SoMAR
0.157 — sg-=0
= o M=l . ]
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: oF ——
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Polarized hadronic collision - RHIC

—> v,jet(s), 7", cz, ...
PHENIX, STAR
Very rich final states
Variable collision energies
AL ()
0.1
0.08 :_ ——&— Run6 62GcV Preliminary
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0.06 }
I 0.04 -
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X
T
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Polarized hadronic collision - RHIC

—> v,jet(s), 0, ce, ...
PHENIX, STAR
Very rich final states
Variable collision energies
— AL-L-(TEO)
0.1

I

0.08 | == Run6 62GcV Preliminary

—=—— Run5 200GeV Preliminary

0.06 } N
- PH-<ENIX
mm— 004[ |
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0040+ 1
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What have we learned so far about Ag?

» Ag probably “small” in the accessible x-range:
Consistent with Ag(x) oc Xg(x)

1 1
) AG :jdx Ag(X) ocjdx Xg(x) ~ 0.5
0 0

» No indication of huge integral AG ~ 2
Needed to explain the small g1 while keeping Aq large

y J AY — ng- (Q)AG(Q)
L 2m P
Does not vanish at large Q2!

< Challenge. sign, x-dependence of Ag(x), and

why? - model calculations Werner's talk
January 12, 2007 Jianwei Qiu, ISU




More from RHIC
% PHENIX - ALL(n®): /S =200 GeV

— 1_
= [ —— AAC2004
S AAC 1-c limit
< g5l e GRSV std
5 GRSV limit
R ——
- * HERMES di-hadron ..
| = SMC di-hadron T
-0.5— v COMPASS di-hadron
| ¥ COMPASS di-hadropprojestjon
- = RHIC :rc“prujectin L T N
Al— |
! Lol ! Lo ! L1 r
10° 10°” 10" 1
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More from RHIC
% PHENIX - ALL(n®): /S =200 GeV

— 1_
= [ —— AAC2004
S AAC 1-c limit
< g5l e GRSV std
5 GRSV limit
R ——
- * HERMES di-hadron ..
| = SMC di-hadron T
-0.5— v COMPASS di-hadron
| ¥ COMPASS di-hadropprojestjon
- = RHIC :rc“prujectin L T N
Al— |
! Lol ! Lo ! L1 r
10° 10°” 10"

Dominated by gg subprocesses: A, (7[0) o« [Ag]
Sign of Ag?
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More from RHIC

+ STAR - jets: JS =500 GeV
— 1_
Z [ —— AAC2004
o I AAC 1-g limit
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Dominated by gg subprocesses: A (7;0) oC [Ag]2
Sign of Ag?
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More on Ag from RHIC

» direct photon - dominated by "Compton™ subprocess:

PRAg®AG " .
oc | 24 +... Sensitive to sign of A

0.1 ~ —
005

0.05 —

L =309/pb

005 |- — . |
[l Uncertainty of Ag ] 00s | PT 0'7| Uncertainty of Ag | -

10 15 p_[GeV] 10 20 p. [GeV] 30

Photon + jet, etc
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Flavor separation of Aq from RHIC

“» W-production at 500 GeV:

Proton helicity ="+"
AN

[
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Flavor separation of Aq from RHIC

“» W-production at 500 GeV:

Proton helicity ="+"
AN

[
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Flavor separation of Aq from RHIC

“» W-production at 500 GeV:

Proton helicity ="+"
AN

[

January 12, 2007

A

1.0 C e
" RHIC pp vs = 500 GeV .
|L dr= 800 pb’ .
ry I: i
P AL(WY) * ]
0.5F ¢ AL (W) # -
[ Al
ﬂgﬂfr.’_
. K,f
0 _ & ohe -
) . P
.n.-.-;;.-_,-;_h.h:;_‘;-.'_":j_‘:j_ﬂ.:i_:_
A OO
' A Ad/d
_o.sk Au/u W -
. 3 3 : 1
| 0= My o
| - - GS95LO(A) N
i ) BS{JQ:{}} 1I""-.;-.
—1.0 - . i a ol
10° 10
v

Jianwei Qiu, ISU



SIDIS at HERMES

» Hadron flavor tagging:

January 12, 2007
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“» Hadron flavor tagging: oz |
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SIDIS at HERMES
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SIDIS at HERMES
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Opportunities at future EIC

» Much improved inclusive DIS g; measurement (5fb-1):

&
- . x = 0,00075 (+6.5) - -
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Opportunities at future EIC

» Much improved inclusive DIS g; measurement (5fb-1):
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Q2-dependence of inclusive g, at EIC
(10 GeV x 250 GeV with 0.4fb-! and a big positive Ag)

d4,P(X)
O
]
s
Wk 7/ 400 pb"' at EIC
2 g sreiesieeees 32 =9 Gal2

: : !E:. 02 =10 GeV?
A .:'1 :II, — o = n? = 20 GEUE

3 - Q2 =100 GeV?
.l‘l —.
5 Y . — ;
10 x
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Q2-dependence of inclusive g, at EIC
(10 GeV x 250 GeV with 0.4fb-! and a big positive Ag)

d.P(x)
F
1
W i
Wk 7/ 400 pb"' at EIC
2 - Lo 02 22 GeV2

: : !E:. Q2 =10 GeV?
a4 .:'1 :II, — o — n? =20 GEUE

F . . Q=100 GeV*

.i" —.

Test QCD's scaling violation, extraction of Ag
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Charm production at EIC

* yg == cC and DO == K-m*:

¢n 0.6

o de] — GSA(LO)

{:__'::‘ :-\"".:J,‘ o

<J — GSC(LO)
0.4 — GRSV(LQO) std. and val.
0.2

0 ——?"-T#-:-_—i;—#__——iﬁ:: ;.--«{--—ﬁ .

—0.2 ® EIC, E,.=10, E,=250, L=1.0x10%
B E.= 50, L=0.25x10%"

! " @
© HERMES
' COMPASS

| 1 1 L P | ) 3 ) |
10 ° 10 < 10 "

X

10 fb! for 10x2506GeV, and 2.5 fb'! for 5x50GeV
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Flavor separation at EIC

<+ SIDIS on ='s, K's, parity violating structure functions:

e AU -Ad x xAs(x)
0.3 |-l--HEFHE.5 I | ODB: [ HERMES
—-EIC 10an 25 ) ‘-—*—Bc 1um15!
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it - 0.02 |
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-
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l.ll.l.l.d B Ilhll"] bl
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Flavor separation at EIC

<+ SIDIS on ='s, K's, parity violating structure functions:

x{ AT )-Adx xAs(x)
0.3 |-l--HEFHE.5 I i o.na: ‘ —a— HERMES I
—-EIC10an 26 - EIC 10.an 25
0.2 * 0.06
Pz1GeV P21GeV
100 days of 10*33 g o.04 100 days of 1033 ‘0t
= 0.02

(-
-
LJ
T T

Il!ld 4 ll.ll.l.l.d B Ilhll"] bl

10 10° 10* 10’ x3 10 107 107 10" x4
C H

Much better reach (to 10-4) and much smaller error bars
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Conclusions

“*» QCD factorization + PDFs generated by QCD global fits
have successfully interpreted all existing high energy
unpolarized ep, pp’ data with momentum exchange > 2 GeV

“» For polarized PDFs, a great deal has been learned
But, a lot remains to be explored

» RHIC has produced important constraint on Ag - small?

* HERMES, COMPASS, RHIC will continue to produce
information on both Ag, Aq
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Conclusions

“*» QCD factorization + PDFs generated by QCD global fits
have successfully interpreted all existing high energy
unpolarized ep, pp’ data with momentum exchange > 2 GeV

“» For polarized PDFs, a great deal has been learned
But, a lot remains to be explored

» RHIC has produced important constraint on Ag - small?

“+» HERMES, COMPASS, RHIC will continue to produce
information on both Ag, Aq

Future EIC will provide the better and complementary
measurements of both Ag, Aq, and help to determine
the parton’'s helicity contribution to proton's spin
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