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outline & disclaimer

quote from Steve Vigdor's charge for my talk

"... this should contain the measurements you think it would be most

important to make, even if you judge that we do not presently

have the luminosity to make them ...”

so, be prepared for some bold ideas along the way

further improvements of helicity PDFs “rare probes”, A, with 3He , W+c , A

€

transverse spin phenomena transversity from At Ay in DY, 3He

€

opportunities in p(d) A forward correlations , DY, polarization

e

my humble input for discussions - not meant to be an exhaustive list



HeLIcITY PDFs IN 2015+



Ag - where are we now/in 2015

4.; inclusive pions & jets remain to be the bread & butter probes

straightforward
to analyze

& Jjet/hadron correlations essential to cover smaller x T glteel | s

current DssV global fit

de Florian, Sassot,

status: MS, Vogelsang
oo — DSSV i ]
XAg — DNS | DSSV Ay’=1

--- GRSV | DSSV Ay=2% 1

" i & ]
[ GRSV maxg Rl:;:C pp ]
L~ - GRSV ming | o ]

10~ 10" - 1

DSSV includes "only” RHIC runé data
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by around 2015 expect to have:

* DSSV 2.0 global analysis based on new world data
* reduced uncertainties on Ag in current x range

* possibility of a node further scrutinized
“evidence" may become statistically significant or not

 extend x-range towards somewhat lower x
500 GeV running & particle correlations

full 1st moment (proton spin sum) will have
smaller but still significant uncertainties

from unmeasured small x region




Ag - where are we now/in 2015 (cont'd)

we continuously make progress on Ag: interesting trends in preliminary run-9 data

40.06

o = GRSV-STD
. . P - | —— GRSV-ZERO
° run 9 data: smaller uncertainties & %% DSSV
= | [ DSSV %2+2% Uncert
0‘045 [ Relative Luminosity Uncert
better constraint on Ag 0.03; Sl ot
. . 0.02)— /-7:,.
node in Ag might go away ? 0.01 ——
o . . /U-;— .....................................................
slightly larger polarization ? -
d to DSSV analysi -0.01 - .
SERRERRACDSVSESEE gt V55200 GeV BsB > jetsX i<
= +8.8% scale uncertaint
- : : : : : -0.03:— run 9 from polarization not sho)\'mn
< [ .~ : p ! ... Bononllonnallonnnnlloonnllonnnllaonnnllonanlls
00811 /s = 200 GeV Sl 5 10 15 20 25 30 35
C (p+p— jet + jet + Particle Jet p_[GeV/c]
G e e R

similar trend in di-jets

new data ready to go into

DSSV global analysis once available
e e e s P (to quantify their impact)

M [GeV/c?]



Ag - further improvements from RHIC ?

\_J . . ‘En'oﬁz —— GRSV-STD
& important o measure A, precisely § 005t | — gnavasmo
0'0‘;_ || gfﬁ:vy:[iﬁ:}l;:; Uncert
also at large pt (where gg scattering is small) omf| I ZeSnrene
* qg scattering -> sign of Ag at large x o gt \_
« expect rise a large prdue to large Aq/q ooz \5=200GeV B JetaX i<t
at large x (as extracted from DIS) s ST T
0 > 10 1 20 Particle Jet P, [Gez\sﬁc]
O . : : :
& current determinations of Ag from pions and jets is based

on the same partonic hard scattering processes

 with sufficient luminosity we can probe Ag in other, /independent channels

prompt photons heavy flavors

>— >

crucial in understanding

rare probes

v much smaller number of subprocesses
v photons sensitive to sign of Ag
v different hard scattering dynamics

spin-dep. QCD hard scattering
test idea of factorization

and universality
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Ag from prompt photons ?

-0.02

- PHENIX \S=500GeV 008

S ERSV :

- 130/pb,pol=50%; )

= min Ag -0.06

C 1 5' 1 1 1 1 1ID 1 1 1 I1|5 1 1 1 Iﬂlul ------- 2I5 1 1 1 3|u 1 -0_08 L
p;IGev]

taken from PHENIX decadal plan

- SPHENIX \'s=500GeV
- 500/pb,pol=60%

still the golden channel for Ag in pp

measurement should

be done

» only probe in pp which provides sensitivity to sign of Ag at small p+ (i.e. small x!)

* requires a significant integrated luminosity (0.5 = 1 fb-') to make an impact

* straightforward to include in global QCD analysis; NLO corrections known

* y-jet correlations would allow for detailed mapping of x dependence




Ag from heavy flavors ?

* correlations most promising

(recent NLO calculation Riedl, Schafer, MS)

e correlation between A and Ag at
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-0.01
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-0.02

luminosities of a few hundred pb-! are
required for meaningful measurements

at mg, ,, up to 10 + 12 GeV
(less compelling than prompt photons)

large enough invariant mass (= larger x)

forward-central e-p coincidences
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Aq's - where are we now/in 2015

W-boson program completed (?) by 2015 - what do we expect to learn?

oesl ! R T T simdart eghteptainbieREHEEV
X A Wt X A I .
i 112 W boson data on global fit
Qe - __:Z o de Florian, Vogelsang
— i Il v’ reduction of uncertainties

o — | ‘ 00032 for 0.07 < x < 0.4

3 Tlogs ¥ can fest consistency of

10 H low Q2 SIDIS data in
e 03 i 2 17 T that x regime
X X
complication: t* ~ (1 + cos f)* ii? =~ (1 — cos f)*
backward € T | > forward
angular and PDF x dependence G et Xy large
. : t large ‘w\ y u large

for decay lepton not always 1 ey
work hand-in-hand \

ARG ) afa 0% Adatu e ah)
can we flip u<->d around? Simengdseamitivityytoo L/



-04

-0.6

0.5

-05 =

a:; polarized 3He mainly a neutron target: 0.865 n + 2*(-0.027) p but unpol. 3He is n+2p

2 1

A\V: pp vs 3He-p collisions

0

1 Tllepr 2

T | T T T T | T T T T
w+

pp @ 500 GeV |

AL (pr> 20 GeV)

T RSN —

0.1

o L

2

-1

0 1 Thept o

T | T T T
w*

AL (Pp>20 GeV)

Ad

trae,

[ B R B
He p @ 432 GeV,

.......

ALl  caveat: A, study assumes 216 GeV 3He beam
with 166 GeV (W. Fischer's talk) W x-sec likely too small

-2 -1 0 1 . 2
rllepr

-04

1 having polarized 3He beams available at RHIC
1.1 would be an important asset for eRHIC later

- ——- GRSV (std)
—-—-—- GRSV (val)
L coosooas DNS (KRE)

-~ ~DNSKED) M5 @ 2010 RSC Towal

2 1

0 1 2
rl]epr

—> A_no longer probes Aq/q as in pp; but irrelevant "complication® in a global analysis

\

S like in pp: need significant running time/luminosity O(few hundred pb); polarimetry ?
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what about As at RHIC ?

strangeness is one of the least known quantities in hadronic physics
DSSV (incl. latest COMPASS data)

NNPDF collaboration

2 ol XAS  rAs(z) = rAF(z) |
. NNPDF2.0 I ]
: [ ] NNPDF1.0
15 ] NNPDF1.2 002 -
L2 - 0r )
_:, \\\A\\\\\\\“ e B gl
x \\\ —— 0.2 B _>
| o T data — DSSV
zls(x) + 5(x)|/2 I — DSSV+
004 - -
Ll L1 rnnl Lol Lol I -0 DSS":'+ EI:;: i
10** 103 L 10 10" 1 - T T
10~ 10
X
« substantial uncertainties * surprise: As small & positive from SIDIS data

« known issues with HERMES data at large x * but 15" moment is negative and sizable due
. el =) to "constraint” from hyperon decays (F,D)
hot Yopic: S\z) 'H('I d (assumed SU(3) symmetry debatable M. Savage)

* drives uncertainties on AZ (spin sum)

notoriously difficult to determine in pp collisions
only Two options @ RHIC: W+charm and polarized Lambdas

11



As from W+charm production

simple idea: A5 AJ W- two competing contributions:

\ s.d erl As' g and s' Ag scattering
LO g s = 5|V, 24 d |lc|‘j
(6666 \ any sensitivity to As ?

g C

Sudoh, Yokoya (for 2005 RHIC IT workshop)

]. I | I | I | I | 1 | I
find: " [C_ Ao | AAC/GRVOS ]
08 | Asg T
« As contribution enhanced for y,»1 - |— Total| error estimate: /
probes As large x L 06 8oopb™, 70% pol, /-
=4 L 10% detection eff. o
« extremely rare probe < o4 )
cross section of order 1pb ' |
* does not include W decay b N

0
neat but VERY hard to do -1.
requires > 1-2 fb-!

12



As from spin transfer to A baryons

idea: - study helicity transfer to A in pp — AX (preferably at forward n where x; is large)
* use self-analyzing decay of A to determine its polarization

* quark model: A spin predominantly carried by s --> sensitivity to As

e s-dominance perhaps as naive
as proton spin in quark model

theory prerequisites: - reliable NLO sets of D and AD/ FFs

—

DSV: de Florian, MS, Vogelsang
updates needed I

S St sa Sl el AKK: Albino et al. DSV: de Florian, MS, Vogelsang
sparse data; updates desirable
[ (@) =105 T 3 models for AD, considered

o4

) t H* * _____ R | feed-down from hyperon weak decays; effect on polarization?
o L ..Tr..

R De Florian & af,,

o * compute helicity-transfer subprocesses at NLO
Rt i i difficult - many more processes than pion production; work in progress

L (b) iy =-0.5
0.2

the good news: "proof of principle” by STAR

oz|- best shot at As at RHIC

0.4

Y e heeds also some theoretical work though N




TRANSVERSE SPIN PROGRAM IN 2015+
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r . .
e Collins FFs : non-zero & universal BELLE, COMPASS, HERMES

transversity

transversity 8q(x,Q?) as fundamental as helicity density (D - G}

« QCD evolution known to NLO: “evolves away” asymptotically Vogelsang: Kumano, Miyama; Koike et al.
« "chiral odd" nature: involves helicity flip -> no gluon transversity  Jaffe, Ji: Artru, Mekhfi

* probes relativistic effects in wave function; info on chiral symmetry breaking  Collins; Jaffe

what do we know / how to measure: 05

Soffer's bound

needs to be paired with another chiral-odd function 04
0.3

* spin transfer (A): analyzing power small compass
 2-hadron FFs : non-zero BELLE, COMPASS, HERMES

0.2l 5/~
0.1}/

X Ar u(x)

0.1

h ‘L
’

0.1
0.05

0 . -
{
\
|
_E.r:
E-\.
-
)
X Ay d(x)

-0.1

- ‘-‘.Helicffy distribution

present error bars contain many assumptions 0.2

02 04 06 08 1
X5

transversity for sea quarks?




transversity and Ay

we can also pair transversity with itself -> double transverse spin asymmetries A

general problem: A= ddc/do strongly diluted by gluon contribution to do

S ] used to “"define"” dq's:
@ “golden channel”: Drell Yan no gluons in LO  Ralston, Soper; Ji;

Cortes, Pire, Ralston; Jaffe, Ji; ...

500 GeV' f§ find: A;; at best (upper bound) around 1%
T very important but challenging measurements |ectors / accept.

we should keep ‘rhem on the radar

' NLO i‘\ — g * doing it in polarized pp at GST more and more remote

Martin, Schafer, MS, Vogelsang

0-6 002 002 T T T I T T T T T T T T I T T T
PHENIX 0.4 Y ! Ih‘[ll‘:é]sg o ] L 1<n<2 200 GeV]
muon arm 0.2 Arr [ >us woGev] AT
- * ' * : 0.0 001 |
0 05 10 15 20 25 30 [ >\IS 500 GeV ] &
Y ! - 001 | -
S 0 :"T-
& photon, hadrons, jets o 3 1 ] } | _
' W . " R T | 500 GeV
« “selection rule" |A| «< |A,L - e et . B '
Artru, Mekhfi; Ji; Jaffe, Saito o e e 0 A 1 1 l
. py [GeV] - o Y
« upper bounds estimated T | Fso0Gev.soope]
Soffer, MS Vogelsang; Mukherjee, MS, Vogelsang TR

* never studied: correlations/forward n I
T



single spin asymmetries A,

citations compiled by Z. Kang

—

considerable activity & excitement 250 _Sivérs = Collins

200 | ) |

> .
& large asymmetries in ep and pp By

g theoretical explanation requires to go 10

beyond collinear approximation or to > /Lﬁ,j_(_;lﬁ

. o . 0 ' —
InTr‘Oduce novel TW'ST_3 par‘-ron CorrelaTlons 1990 - 1993 1994 - 1997 1998 - 2001 2002 - 2005 2006 - 2011

consider, e.g., Drell Yan pairs with g+
A

Agep S ar € Q Q, 1t > Agep
TMD “factorization” I . \ collinear twist-3
» overlap region
S both apply appr'ioach
Sivers Q= Qr > Agebp

effect K, >
Nacp Q ar

P Efr‘emoiv, Teryaev;
Qiu, Sterman 17




Sivers function and A

e Sivers fct. encodes physics for small p+ (««Q)
(or py differences)

* if prislarge, it can be treated perturbatively
(collinear twist-3 approach)

* no sharp boundary between "intrinsic” and
“radiative” pr --> matching region

Anselmino et al.

("

‘Sivers effect”

correlation of transverse
spin of proton with ky of

o.0s- Q =24 GeV’ find: u and d quark have opposite signs; d larger

* not a universal function: non-trivial gauge links

TMD factorization known to work in SIDIS and
Drell Yan only but not in general pp processes

Ji, Ma, Yuan; ...

considerable theory efforts to understand this better

Collins; Belitsky, Ji, Yuan; Boer, Mulders, Pijiman; Mulders, Rogers:;
Aybat, Rogers; ...

suite of different Ay measurements from RHIC
can contribute significantly

18



» gauge-links have profound physics implication:

Sivers fct. changes sign from SIDIS to Drell Yan

critical test for our understanding
of TMD's and TMD factorization

expectations for DY

i

o

Kang, Qiu

of
002F \
004E
0.06 F
-0.08 F
0.1F
012
004,

v 5=500 GeV
O=g;=1 GeV
4=0Q<9 GeV

0 01 02 03 04 05 06 07 0.8

-0.02
-0.04
-0.06

-0.08

-0.1

sign change & A, for Drell Yan

TI

4
[ f]'f'|f.”f‘§-' f]f|”1
“attractive”  “repulsive”
\E
L \
vs=500 GeV AN
- O<g;<1 GeV \
4=0<9 GeV \ /
o o/
Do bovvabovna oo bvova bvnna b bvan
-4 -3 -2 -] 0 1 2 3 4

Y

« experimental issues: 500 GeV favorable - higher lumi and control of background (HQ decays, etc)
« important first step (analyzing power): AnDY experiment in 2012/13

19



from sign changes to sign mismatches

e latest twist: “sign mismatch” Kang, Qiu, Vogelsang, Yuan

1st k+ moment of Sivers fct and twist-3 analogue related at operator level

L ) R |j L ) Boer, Mulders, Pijlman;
gsly rlz, ) - d kT Vi firlx, "I‘-"?'.'|.‘-:llll:-: Ji, Qiu,, Vogelsang, Yuan
z o1F Q=2 GeV
both sides have been extracted from data Soosf /. odSivers
find: similar magnitude v/ but wrong sign % e
005 :_\ /

inconsistency in formalism?

o1f N ,// u-quark

possible resolutions: (1) data constrain Sivers fct only at low ky; function has a node

phenomenological studies with more flexible Sivers fct. under way
Kang, Prokudin

(2) analysis of T, ¢ neglects possible final-state contributions to Ay
need data for A\ which are insensitive to fragmentation: photons, jets, DY

* on the bright side: recent progress on evolution for Sivers fct Kang, Xiao, Yuan

crucial for consistent phenomenology - properly related experiments at different scales
20



Ay in 3He-proton collisions
Sivers fcts. for u and d quarks opposite in sign and slightly larger for d quarks

| .
& expectations for Drell Yan Z. Kang @ 2010 Iowa RSC meeting

* u <-> d isospin rotation leads to different signs for Ay for protons and neutrons
« asymmetries for neutrons are larger (due to electric charges)

z 2 035
) 0 _ ._-_hh_“""n\- . prOton < 0.3 %— O=gp<l GeV "
caveat: 002 o2sp  HOCY |
does. not yet include | b o g o 02F Vs=200GeV
possibility of nodes [ 4QEGeV N\ [ 015f v VeS00GeV [
in Sivers function 006 - e /o
_ ! Vs=200GeV % 4 - Vv
3He beam energies ! | ol - vesoocev 005 N
ob . ————" neutron
01 AR EEE NI AEENE AR RN AR FREEE SRR FEEE FERTINETE FEERI ETEN FRE TS TS TR PR
4 3 2 -1 0 1 2 3 4 3 -2 -1 o 1 2 3 4
\J . for A . & Y
& expectations for Ay (pions) < of
o 0 04 :
« similar effect for m* (1% unchanged) e - pi-
this time computed within twist-3 formalism on kb :
here, effect due to favored/unfavored fragmentation o1k
0
3He: helpful input for understanding o1f T
. 0 01 02 03 04 05 06 07
of transverse spin phenomena 8 .
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key physics objectives for p(d)+A in a nutshell

“usual” argument: p(d)+A needed to "calibrate” understanding of A+A results

detailed questions:

ECr€€c

merits of p(d)+A collisions:

best probe: correlations at forward rapidity

| Fa

,

L ) '_ i
| * & | = -
'.. & ) L

lelnl

e .-'.-. 4 ' " o T
N f ' pﬂzlnz

prae” + prae™

Trq =
A 75

ﬂ“l‘].:

where do factorization and nuclear PDFs work ?

10

* can go in/out of saturation region by changing rapidity

» can test dependence of Q on A (“oompf factor")

10

what is the nature of the initial state in heavy ion collisions ?

how important is saturation and what is the dependence of Q, on A (and x) ?

adapted from STAR's decadal plan

o v RHIC pA
: :gltc);ms y=5/43/2/1/0

[ [ E66s /
*k [] stac / / ¥
F & CCFR / ya
o3 / f [ g

[ Q% (x9/4 forQ;f;} € f
L } "'“"“-.,_____H /’ ;] 'I—J_.

1
L
SnEntme

R
LR
R




@ strongest hint for saturation at RHIC:

- away-side peak for forward di-hadron correlations
disappears/broadens in central dAu collisions

pt balanced by
many hadrons

- naturally explained within CGC:

why pA and not dA?

0.03

0.02
trigger
PHENIX, arXiv:1105.5112 0.01%
STAR, prel. [
0.01}
Albacete, Marquet; ...
0.005

0.025

d+Au —> TR°HX, Vs = 200 GeV, 2000<IQse-< 4000

- pu>2 GeV/e, 1GeV/c<pu<py
- i < >=3.1, <ng>=3.2

-
"

il
-+

= CLCHoffsat

[ Peaks

B Ap o
'i\—_ 0 0.44£0.02
- ) STAR 7 1.63£0.29

away-side randomized by strong color fields

multiple rescattering controlled by Q

[ Preliminary
T TR I T S i Y T B

4t
gt Tl

LA — 1 2 3 4

however, jet correlations probe not only universal “dipoles”

but also "quadrupoles” -> need to do better

@ potential caveat for interpretation:

Dumitru, Jalilian-Marian; Dominguez et al.

5
Ap

- contributions from multi-parton interactions can be important at forward rapidities

not in pA

Strikman, Vogelsang

can be further scrutinized by comparing dA and pA

--> MPT affect the "pedestral level”

24



why pA and not dA? - cont'd

BUT do we really need pA collisions to clarify role of MPI?

STAR has obtained 15T "pA" results from tagged forward neutrons in dA collisions:

d+au — n°n’+%, Vs = 200 GeV d+Au —> na®n+¥%, Vs = 200 GeV
§ 00223F ., >2 GeV/c, 1 GeV/c<prs<py § QD225 . >2 GeV/c, 1 GeV/c<prs<ipy
g~ 3 < 3=3.2, <ng>=3.2 P E LN >=3.2, <ne>=3.2 )
e 00 ke = o' 00 ”L e C. Perkins (DIS2011)
301758 ) ) SWOTEE . . .
g F dA min. bias 2g dA min. bias H. Caines (QM 2011)
2% £20015¢ L with tagged neutron
E.o125f + 2.
23 25
£2 ool £F
0.0075F Pedks a)
- g o
00051, S 0 0A47+£0.01 -
D.0025F N A 0.0025]
C F’rehmmury
[y | SE I T B o PN T A T T T T T
=1 0 1 2 3 4 5
Ao

can we turn tagged neutrons in dA
info a surrogate for pA collisions ?

25



factorization and nuclear PDFs

current status of NLO fits: taken from Eskola, Paukkunen, Salgado

valence Ry sea Ry gluon Re
L _I ||||||I| T ||||||I| T ||||||I| T TTTITRE T ||||||I| T ||||||I| T ||||||I| [T _I ||||||I| T ||||||I| T ||||||T|_ |.||£. DIS daTG
ﬂ% : ’21.69 GeV" ] 14
3 12[ Q’=1.69 Ge - \_.12 DY data
@ A0 | 4 | R --x4 10 sum rules
i 08— T . \]j 08 assumptions
Q 06 |- o i i 106
m@ 0.4 |- _— This work, EPSOONLO — +4= 104 assume.
B - HKNO7 (NLO) 1 hi 1 . '
e 02 - DS(NLO) i y 0.2 factorization holds
5 Juqu ||||u| ‘% L ||||u|-2|' |||||u| 1| ||||J|_u‘4| JJJJJJJI-3] 1111111]21 |1||||||1 L. 4 1 ||||||||3 1 ||||||||2 1 llllluli ||||||: a” nuclear‘ effec“'s
0 107 10 10" 10 100 10° 107 107 107 10° 10 1 absorbed into RiA

x & T II'I‘l il ¥ i -1 N of o

» we don't know much about gluons in nuclei (and very little about sea quarks)

* fits based on e-m probes (DIS & DY) - no final-state medium effects to worry about
factorization dictates the use of standard partonic cross sections and DGLAP evolution of nPDFs

nPDFs happily applied to predict

. Rp(d)A for QCD processes (hadrons, jets, HQs,J/V¥, ...) A final-state/medium effects ?

factorization at all ?

* and even for Ry, centrality dependence ?

we need to carefully map out the range of applicability -




single-hadrons in dAu at forward rapidity: Lsp

indicates strong suppression of gluons

1.6 T |||||||| T |||||||| T |||||||| T T TTITM
14 Weight O ]
" | =— Weight 40 —
1.2 ... Weight 150 —]
1.5 [Eeccsooannomoemoorbonaast
0.8 [—huge shadowing /-
0. [WithinDGLAP .~ /¢ B
0-4 :_ """ ‘oa ::‘ _:
02 <~ Eskolaet al.
0-0 ..4--|-'|'1'|"||'|1‘._‘| 1 ||||||| 1 1 ||||||| L1 111
10 10° 10° 10', 1

1st signs for trouble ?

small Ry,, at forward rapidities

need humongous shadowing of

gluon PDF to describe data
R&(x.Q°=1.69 GeV?)

A
A

I:{d+.ﬁ5\u

s h™ n=2.2; BRAHMS
« h 1=3.2; BRAHMS
« 10 <=4 STAR

— NLO-CGC
JLA & C. Marguet

_ e
AT
1% CGC works well
T Lt Albacete, Marquet
u PR [ T SR T A T TR SO SR NN S SN ST SN NN ST ST RN
1] 1 2 3 4 s
P, (GeV/c)

required shadowing would be much (?) less

if final-state/energy loss effects are relevant

pQCD does not work well at small pr and large n

(e.g. pp data at n=4 not used in any fits)

general issue for forward physics at RHIC

recall: C6C has Q, as additional semi-hard scale

to unambiguously demonstrate breakdown of DGLAP based framework
we should "keep"” clean e-m probes (y's & DY) high up on the agenda
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08

06

04

prompt photons in p(d) A

from Arleo, Eskola, Paukkunen, Salgado

- Ilyi{ﬂl]..lﬁl T — ll}lmtc-n PDE_
12 ——- EPS09
s =200 GeV —— DS

0

" mid rapidity .
BRI EE.
pr [GeV]

* probes gluon in saturation regime (x= 10-3)

* here "isospin” effect from deuteron !

vanishes for pA collisions at forward rapidities

» sensitivity to nPDFs at fairly large x
anti-shadowing/EMC region

y's couple to u-quarks and u,(x) > u,, (X)

o

 complications: photon isolation/fragmentation contr.

e also: forward photon-jet correlations
free of complication of 4-pt fcts in CGC formalism

Jalilian-Marian; Gelis, Jalilian-Marian

impact on global fits of nPDFs

* need to isolate nuclear from “isospin” effects

10— o
[ y=3 — proton PDF ]
09 [ {129 . ——- EPS09 h
B 200 Ge\ —— DS
R HEN
0.3 - —
Y
06 - o q|c -
- forward rapidity
G-E B 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1
30 4.0 50 6.0 T0 20
pr [GeV]
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Drell-Yan in p(d) A

unfortunately, only very limited number of expectations available ...

in C6C framework: no equivalent to "LO" qq annihilation, starts with "bremsstrahlung"

Jalilian-Marian; » should work for forward lepton pairs

el aelemman T B i @, s s e i e, ene
: % : small x gluons in the nucleus
» only dipoles contribute v
n T

9. Yuan (DY workshop):
07k _ﬁimm&mﬁcnshﬂdﬂﬁng} J mn TMD framework: Marquet, Xiao, Yuan

for low ptpairs can apply TMD factorization

* calculate universal q(x k) based on dipole model

(a4 F .'|'_-!| i
: do®* fd M . . 4 s ,
ab Ragq = : —— ] xq(x, k)| pr—o x N./4/7* TMD's at small x

.D3 II-]. I. / ,l'I .

! A3 dore [d M 5 4y .

: . . - rq(, kr)|kpsq2 o Q5 /kp  contain info on Qs
035 15 20 25 30 (reproduces McLerran, Venugopalan result from 1998)

M (GeV)

exp. requirement (background) M > 4 GeV

can we really reach into saturation regime with DY ? 29




a case for polarized pA ?

polarized protons are a unique capability of RHIC - we should exploit it as much as possible

not many studies yet: need to look into single spin asymmetries Ay

Ay at forward rapidities can be a unique link between spin and saturation physics

find scaling relation between Ay in pp and pA:  Kang, Yuan, arXiv:1106.1375

pA—hX .
A4 f}— 2 -F ¢ yd o .
AN — e P P rdT 0, Py 1> 0 limit of Ay depends on Qs
.1!-.{. r LA P2 a2 (i}_ 1
o4 -'ll' Il , 2 3 5,
_1,1-.-5 h X
g "f —~ = 1 Qgdrops out for large P, +
"1 ! - T < A_N for Drell-Yan in pp and pA (Arbitral Scale)
0.20 ——r—r——r
prel. num. study for Drell-Yan Q=5 6GeV
F. Yuan @ BNL DY workshop ~  .i B
' PP
2 n.m:—
do we learn something beyond ; pA
what can be done in unpolarized pA ? ous -
[?.Illll]-""]'""l""_;
PTG Ny
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AA and pA program @ LHC

CERN-PH-TH/2011-119
LHC-Project-Report-1181

Proton-Nucleus Collisions at the LHC:
Scientific Opportunities and Requirements

4. p+A AS A BENCHMARK FOR A+A 11

4.1 Nuclear parton distribution functions . . . . . . . . .. ..o 11

physlcs agenda has l-‘- a“ 42 Processes of interest for benchmarking . . . . . . . ... ... ... ... 13

421 Jets . ..o 13

422  Processes involving electroweak bosons . . . . . . . . .. ... 14

IST run mlghT Cllr‘eady happen n 2012 423 PhotonS . . . . ot i 16
424 Heavyflavor . . ... ... . ... ... 17

425 Quarkonmium . . . .. ... L. 18

5. NEW PHYSICS OPPORTUNITIES: TESTING PERTURBATIVE SATURATION 19

can a RHIC p(d)A program in 2015+ still be relevant?

what they don't have: < so far only Pb ions - no A dependence
* perhaps RHIC energy range/variability more interesting
* no polarization for protons

31
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OTHER OPPORTUNITIES

(NO TIME TO DISCUSS IN DETAIL)



QCD resummations

if there happens to be a pp program at lower energies (reference for energy scan)
* opportunity to study relevance of QCD threshold resummations

NLL resummations lead to a better decription of PHENIX m° data at 62.4 GeV

how far down in energy does it work? . Florian, Vogelsang, Wagner

de l‘lOl"l(]ﬂ V09€ISG

0, n
PP T + X muu“Ujup*\pruevz) PP = T D a’gl saeV }
pp — m+X  Exd’c/dp (nb/GeV?) 11 pp—>T +§ % E*J’é?dp P éﬂ{f

102 3 o

1085 Vs=62.4 GeV 1 4 108

weeEs N EZ"’ 3 102
Prelimihgry

. o) PHF‘%\T[K'

10! - 10%

10

107 1 b

10! — 104

10 .
10

104

10; % 1037

10 ™

_ MRST2002 KKP

E706 Vs= @(C; InI‘| <%§; >

“ \,1:[;3’[')003 g s W A70Ns %%FCV{DSS| XlTI | ‘:@ E‘%’
10 I AL 1 1 L 1 -I L4 10 L1 11 qlca 11 11
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leave aot ¥ I‘Ob =~
and we re NOT atirald
e USE theml

SUMMARY / CONCLUSIONS
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no conclusions yet - talk meant to be an input for discussions

two finals thoughts, though ...

| o
& on spin
most measurements require a substantial amount (> 2yrs) of running

correlations with photons, A, with 3He , A, for Drell Yan, A+, ...

unlikely that we can do all: either set priorities (e.g. Drell Yan)
or (?) let one experiment do longitudinal and the other transverse spin

also, certain things like Ag at small x clearly require an EIC

k; on p(d)+A

possible p+Pb running at the LHC will likely determine future directions
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