ERHIC:
NEW SCIENTIFIC AND TECHNOLOGY FRONTIERS
TO DO PARTON FEMTOSCOPY,

THANKS TO TOM B., THOMAS, RAMIRO,
SALVATORE, MATT, DIETER, HUBERT, MARCO,
ANDERS, WILL, LIANG, JH, TOM H, £RAIG,
KLAUS AND eRHIC -CAD- TEAM
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THE PILLARS OF THE eRHIC PHYSICS PROGRAM
> mmd Goes far bn TW

] what was used to sell
RHIC-SPIN

= ]

Wide physics pr/ogram with high requnremgnts on det&tor and machine performance
' t BROOKHRVEN

Brookhaven Science Associates NATIONAL LABORATORY
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Kinematics:

Valence
quark

Quark density

momentum
fraction x

Brookhaven Science Associates

10-1%m

Quark density

DEEP INELASTIC SCATTERING

2__.2_ (1 _1'y Measure of
0 1 (kl* k”) resolution

0’ =2E E'(1-cos@,) Power

pq E'  ,({0)) Measure of
y= ﬁ =1- E Cos 5 | inelasticity

0 0® Measure of

X (p, ) X ) , Momentum
P9 5 fraction of
struck quark
Gluan solirs Quark splits
MY ORUANKS into gluon

— splits
i into quarks ..

‘-S ey 33
27 quark

Valence
quark

momentum
fraction x

10-1®m™ higher /s
increases resolutiofoy e nirEN

NATIONAL LABORATORY
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QUANTUM TOMOGRAPHY OF THE NUCLEON

Join the real
3D experience !l

Spin as vehicle to do Tomography of The nucleon
We do this daily in medicine

2D+1 picture in momem‘um ‘

Sir | i’efer
Mansfield

Nobel Prize, 2003: "for their discoveries
concerning magnetic resonance imaging"

05 05

: [ 1
Broi -05 0 os k, (GeV) -05 NALLU N

. " RHIE-A6S User Meeting 2012 E C. Aslchenauer*




THE PATH TO IMAGING QUARKS AND GLUONS

Q PDFs do not resolve transverse momenta or positions in the nucleon

‘compelling questions
< how are quarks and gluons spatially distributed

O how do they move in the transverse plane

O do they orbit and do we have access to spin-orbit correlations

required set of measurements & theoretical concepts

f ( Xy l‘ET )
241-D transv.mom. dep. PDF
semi-inclusive DIS

N\

parten ensmqs



THE PATH TO IMAGING QUARKS AND GLUONS

Q PDFs do not resolve transverse momenta or positions in the nucleon

Q fast moving nucleon turns into a "pizza’ but transverse size remains about 1 fm @‘ '
. |

" compelling questions

< how are quarks and gluons spatially distributed

O how do they move in the transverse plane

O do they orbit and do we have access to spin-orbit correlatio
8

required set of measurements & theoretical concepts

Wigner function high-level connection
4+1-D W(I, ko 3 b ) measurable ?

important in other branches of Physics
f d?b }/ \fdsz
~ notrelated by £—0

f(x, k) £(x,br) ——% H(x,0,t) <=2 H(x, £, t)

Founer transf.
241-D transv.mom. dep. PDF impact par. dep. PDF generalized PDF
semi-inclusive DIS exclusive processes
f dx
f d*ky ] d®by
\/
1-D F(t)

porton ensmqs formofactor



How are GPDs characterized?

unpolarized

H"(x,&,t) HY (x,‘cf,,t)

E'(x60) E'(%E1)

SMALL GPD PRIMER

polarized

quantum numbers of final state =)

DVCS
HY EY H! E1

0 Q= 2E,E,"(1-c0s0,)
Q xg =Q%2Mv v=EE..

< x+§, X-§ long. mom. fract.

dt=(p-p’y
& = Xa/(2-Xg)

Brookhaven Science Associates

pseudo-scaler mesons

conserve nucleon helicity
Hq(xa 0,0) = anq(xa 0,0) = Aq

flip nucleon helicity
not accessible in DIS

select different GPD

vector mesons

H E*
70 2Au+Ad
M 2Au-Ad

RHIC-AGS User Meeting 2012

H, E*
oY 2u+d, 9g/4
w 2u—d, 3g/4
¢ S, g
oM u—d
R sy




DVCS AT eRHIC
DVCS: Golden channel
theoretically clean
wide range of observables
(0. Ayr. A, Ay, Ac)
to disentangle different GPDs

DVCS dafo 01- end o f HER A D. Mueller, K. Kumericki

S. Fazio, M. Diehl and ECA

" EIC mock data EIC mock data
E.=20GeV | E.= 20 GeV
2 2 2
p— E,= 250 GeV 0.004 <xg<0.0063, 10GeV-<Q <17.8 GeV
f&' 1 0.01
S
:-S‘ 08 L
= e 0.005 |
- 1
E‘: g 06
. o, w a 0
T [GeV?], [GeV L X 04 |Cll‘ge t 15 17 19 21
= iC
u?‘ x50 41, 72 2
= s(x35) 41, 57 oo | ]
t|s vix30) 4.1, 29 i : small t
= 0.0 - 0.01
Aix1.2) 73, 76 0 ‘ ‘ . . . —
;‘ | :cilug; -J-:r'_'_;; ﬁ 0 02 04 06 08 1 12 14 16
001 "!Ri ax03)129, 8 1 0.001F , b [fm]
. \ w2 12,9, &4 1 - K“'il LI, OF
_________ Vo S wix02)12.9, 41 B k) 129, AT
0o G 75 T >0 0.0 0.5 10 15 2.0 DKHEAVEN
. - - ' ' 2 {L LABORATORY
—t [GeV?] —t [GeV7]
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DIFFERENT DVCS ASYMMETRIES

D. Mueller
Ary(®)
XB
BROOKHRVEN
Brookhaven Science Associates NATIONAL LABORATORY
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WHAT WILL WE LEARN ABOUT 2D+1 STRUCTURE OF THE PROTON
6PD H and E ddflnction of t, x and Q2

o

~
T

N’

[ ] [ ]

Plots from D. Mueller
GPD H and E 2d structure for quarks

» A global fit over al
done, based on the
[K. Kumericki, D M
Kumericki 2007]

— e ——
— e e el e

» Known values ¢(x), :
for A9, H¥ (at =0,
&, & are unknown -

» Excellent reconstrt
and good reconstru

do/df) -t | shift due to 6PD E

Brookhaven Science Associates

RHIC-AGS User Meeting 2012



THE DVCS PHASE SPACE

lllllll 1 llllllll 1 1 lllllll 1 1 llllll L 1 LENILBLELELEL
’

current DVCS data at colliders:

10 3 — O ZEUS- total xsec O HI1- total xsec
- @ ZEUS- do/dt B Hl1-do/dt
B B HI- ACU

| current DVCS data at fixed targets:

- A HERMES-A, A HERMES- A,
| A HERMES- A, A, A,

A HERMES- A, * Hall A- CFFs
¥ CLAS-A,, % CLAS-Ay

2 .
10 “ Eplaned DVCS at fixed targ.:
] COMPASS- do/dt, A gy Apsy ?

Stage 2

Q’ [GeV]

1
;;Stage

[ ] JLABI2-do/dt, A, Ay A QD

LL Q° a1
Yy Lo
6@
\ o
N

N A mg

\%ﬁ/ K A Ry . )
10 | HERAresultsonGPDs | | ’ - E
- very much limited by |-©| © AN 1%
§ lack of statistics ul ST AN 1e
: it \ ¥ ]
| o/ 7| o SR 12
- A but limited t-range, 18
(ks @ et
1 kB A LA ¥ g S5 -
B 1 L1 111 I 1 1 1 L1 111 I 1 1 1 L1 111 I 1 1 1 L1 111 I 1 1 1 L1 11 I-
4 3 ) -1
10 10 10 10 1
X
BROOKHEVEN
Brookhaven Science Associates NATIONAL LABORATORY
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WHAT ELSE CAN BE DONE

. __Vlﬂ"ﬁJveri,

o and the -.L
LET ERUSHEE

’Il.ln

The Holy Grail

Brookhaven Science Associates NATIONAL LABORATORY
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PRESENT VS EIC KINEMATIC COVERAGE
d*c

o S dQAE'

pr =_guv171_p y4 sz+i8uv7taqlsa Lzeuv)to }L(p qS —S-qp )g2

\4 14 \4
@ PQCD scaling violations

dg 2
1 ~—Ag(x,
dlog(Q) g(x,0%)

AZ(Q%) = f 8,(x,0%)dx = f Aq ,(x,0%)dx

wH

cross section:

Brookhaven Science Associates NATIONAL LABORATORY
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PRESENT VS EIC KINEMATIC COVERAGE

LI I I 1 1 rrriri I rfriprr
RHIC pp data <
10°E - training Ag(x) 7 2
- current polarized DIS data: . constraining &g \ 3
&L in approx. 0.05 <« x <0.2 AN
> OCERN ADESY ¢ JLab OSL/ \\\ ]
D i
g current polarized BNL-RHIC pp data: N
O @ PHENIX ° 4 STAR 1-jet \} |
10 E N\
= / -
- y ]
P
4;,76 /|
QQ\[? '
oy ] :
10 @6 ¥ X E
- 4\' oy )gﬂ "z
) NS =
O D g
((4\-*. \ A E
PR » YN \ =
1 AARANENR y m
[] L1 1111 [] 1 1 [] L1l I 1 1
EIC extends x goverage B / R B
b to 2@le 1 N 10 1
Y(:': Q2=1 Gevapwest X po ?ar 4.6'x103 618MPASS X
BROOKHREVEN
Brookhaven Science Associates NATIONAL LABORATORY
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50

30

20

10

EXAMPLE: PROJECTED DIS DATA FOR g/

T III'III L L]

x=52x107 (+52)

8.2x107 (+43)

=

1.3x107* (+36)
o——"

PR 33x10 * @27

@‘- . .

5.2x10

GRS
8.2x10*

o 1.3x107 (+19)

IIIIIII Ll L] II'IIIII

gl(x,Qz) + const(X) .

DSSV+ -
' EIC 5x100
4 EIC 5x250
™

o} EIC 20x250

« 3 sets of [eRHIC] energy settings studied:

1.1 x 103
4.2 x 104
1.1 x 104

5.3x104
2.1x 104
5.3x 107

5x 100 44.7
5x250 70.7
20x 250 141.4

2 1x107™* (+31) |
i @M €3 x 250 starts here, 4 [5] bins/decade in Q2 [x] (spaced logarithmica
1+ bands reflect current uncertainties on g,?

5 x 100 starts |

'he&SSV* estimate

(+21) _

— Ak UL )
= o 2.1x107 (+17 10
» s—Ch—Ork O © 22 ( ) | o Qz) o
" o Oh -0 33x10° {+1*\ 5) o R(x,
L -T——‘-—-—-- G & Ok 2= ©
A ‘_—elﬁ_.g*——o——e 52x10™ (+14) e [~ COMPASS dd?ﬂ 1 « compAss
. 2 8 el X = 0.0063 (+7.5) ., HERMES
[ ————er—or—o—o 820 1) 1. start here -
2 A h—— kA0 a—O——© 1.3x10 7 (+12) p -k ) . sme
[ 2.1x107 (+11) = h——h—h—CA—Oh—Oa—O—© 12 . e x=0.0141 (+62) |
3.3)(10_‘ (+10) F i Gk — Ok — O —O—0 ] = bepemackin 1+ 0308 (v035
5.2x107 (+9) & i« L CAh Oa O — O & < e .
82x107 (+8) = . Gk —Eh—Ok—0O o caiegre i x = 00346 (+4.5)
i - G kO 1z B E1IS5 o wesshory  xom 0.0490 (+4.0)
13x101 (+7) - S— A E N ot <0010 G040)
§ 2.1x10 (+6) = N & i« Ao A 4 & eotas woarm I x = 0.122 (+3.0)
3'3)(10- (+S) _I . T ::} 3 :J_-----.:—.--r_‘_- x = 0.173 (+2.5)
| 21070 © * A 7 g taken from LS55 et % = 0.245 (+2.0)
Z N A e AAC )
| L Lol 1 0o el 1 Lo o1 el f=a) B.ﬂm.@l’l, ek % = 0.346 (+1.5)
1+ GRSV e % = 0.490 (+1.0)
1 10 10 2 10 3 Bo*mher ——— This Fit im—w  x=0.735(+0.5)
Q" [GeV7] \eeting 2012  ° T w ™
eet Q? (GeV?)




IMPACT OF EIC DATA ON HELICITY PDFS

EIC: DIS scaling violations mainly determine Ag at small x

yet, small x behavior completely
unconstrained
(determines x-integral,
which enters proton spin sum)

dramatic reduction of uncertainties:

“before”
“after”

Brookhaven Science Associates

16 RHIC-AGS User Meeting 2012

) DSSY , 4.3
| ﬁﬁ% — onsQR = mng .
--- GRSV f DSSV Ax 2%
can hide one el 3 o
unit of / here | . 1
1 o
- 0.1
0
-0
T 0.1
GRSV maxg 0.1
=== GRSWming oo
- K EIC 5100, 3%2
: I o f Hﬂ.. If) . X
= all uncertainties for }: = i
= i | |.||.|.||J L L JJJJIJI. i L L LLE DL‘E
) -1
10 10 X 1
BROOKHEVEN

NATIONAL LABORA

TORY
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( SIDIS scaling violations add to this)

IMPACT OF EIC DATA ON HELICITY PDFs

DIS scaling violations mainly determine Ag at small x

in addition, SIDIS data provide detailed flavor separation of quark sea

0.04

0.02

002 F
I DSSV

0.04 I B DSSV+ & EIC 5x100, 5%250 1t

004

002

0.02

-0.04

17

_""I LY
xXAu ]

all uncertainties for AX2=9

1k xAd

I xAg

RHIC-AGS User Meeting 2012

: 0.04

: 0.02

0

0.02
1-0.04
::::'_ 03
1 02

1 01

-0

] -01

1 |||: _02

* includes only “"stage-1 data”
[even then Q3. can be 2-3 GeV?]

* can be pushed to x=10-4 with
20 x 250 GeV data
[still one can play with Q3. ]

* uncertainties determined with
both Lagrange mult. & Hessian

“issues”:

« (SI)DIS @ EIC limited by

systematic uncertainties
need to control rel. lumi, polarimetr
detector performance, .. very well

* QED radiative corrections
need to “unfold" true x,Q?

well known problem (HERA)
BNL-LDRD project to sharpen tools

NATIONAL LABORATORY
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[ Ag(x.Q?) dx
-

0.001

1

.
n

PROGRESS TOWARDS SPIN SUM RULE

« combined correlated uncertainties for AZ and Ag

e

"Helicity sum rule” gluon o »
spm
3h={P.5 oI5 )= 242+Szmw
g Twist-3 GPDs
total V angular  MoOre theoretical
quark spin momentum work needed
"X. Ji sum rule”
1
+ J, = - AZ + )< ‘ + J, ¢ difficult,
2 E 2 but should be
: , possible in
Io =5(f_1xdx(H” +E”))t | 6PD models

ained with two
multipliers

thod consistent

rovement
-1 moments

250 GeV data

I approx. 5-10%

es on AZ and Ag

p control systematic

all uncertainties for Ax2:9 -

BNL H

035 , 04 0.45

[AZ(x Q%) dx
0.001

RHIC-AGS User Meeting 2012
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THE eA PHYSICS PROGRAM

Z:.':.Jllf.i: '.F. P
ol
A !|J l

Color Glass Initial Glasma sQGP -
Condensates Singularity perfect fluid
1 Hard gﬁ@@esses ‘ EE/coal. T
cGC (pQCD) Hadron
JIMWLK/BK »| Hydro (EoS)  Transport

Our understanding of some fundamental
properties of the Glasma, sQ6P and
Hadron Gas depend strongly on our

knowledge of the initial statel

%3 conundrums of the initial state:

1. What is the spatial transverse distributions
of nucleons and gluons?

2. How much does the spatial distribution
fluctuate? Lumpiness, hot-spots etc.

3. How saturated is the initial state of the
nucleus?

Brookhaven Science Associates NATIONAL LABORATORY
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IS THE sQ6P A PERFECT FLUID?

AdS/CFT predicts for a perfect fluid:
|/s = 1/(4x) ~ 0.08

4
.2
ylfm] Schenke, Tribedy, Venugopalan arXiv:1202.6646
05 - | -
IP-Glasma =—— | 1/s=0.08, b=9fm
04 | MCKLN ----
& o3[M
PO
i -6 ta 02
i
0.1
2 ' y[fm]
x[fm] -4 6 6 0
) ‘8
Glauber 8
Wood-Saxon S
4"‘/_6 . e eg e
< P Different initial states =
6 s different fluctuation scales
2 0 2 - 42 ylfm]
aml g BROOKHRVEN
Brookh -8 8 . NATIONAL LABORATORY
2 S User Meeting 2012 E.C. Aschenauer



-h FORWARD CORRELATION IN p(d)A AT RHIC

side-view beam-view
large-x1 (q dominated)

P
low-x2 (g dominated)
Low gluon density (pp): High gluon density (pA):
pQCD predicts 2—2 process 2 — many process
= back-to-back di-jet = expect broadening of away-side

> Small-x evolution «— multiple emissions
> Multiple emissions — broadening

> Back-to-back jets (here leading hadrons) may get broadening in
pT with a spread of the order of Qs

First prediction by: C. Marquet (' 07)
Latest review: Stasto, Xiao, Yuan arXiv:1109.1817 (Sep. '11)
BROOKHEVEN

Brookhaven Science Associates NATIONAL LABORATORY
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Presenter
Presentation Notes
Raju:  Di-hadron correlations are a test of universality because the same measurement in p+A and e+A is sensitive to "dipole" and "quadrupole" operators which are the same for both processes.


FORWARD CORRELATIONS IN dA AT RHIC

1 question, 2 answers

Initial state saturation model

Away sideparton

by strong

Uncorrgg J o;nmdence
Probability ian™")

—
o

d+Au — 7n%+X, vs = 200 GeV, 2000 < T Quee< 4000
0.03F  pr>2 GeV/c, 1 GeV/c<prs<pn
: <n>=3.1, <m>=3.
obfs i
0.02} i

rrandomized Albacete, Marquet
<“HHIC dAu, Vs = 200 GeV

eripheral

-=— central

Ay o

0 0484002 o 0 41

0,005:— STAR 103 #~ 1.75£0.21 102
B. Xiao gj al. 2012
i Prellmlnqry
D L1 1 1 | 11 1 1 I 1 | | 11 1 1 I L1 1 1 | 1 | I | | 1
=1 0 1 P2 3 4 5
by
hstdir2.20091004.2 20091120

“Non-initial state” shadowing model

— R

5 — shadowing+e-loss @ - shadowing

15 £ by, 1<0.35 3 0<y,<38 mid-forward
E m% """ % - A ]
05 | %r@ﬁ'r,‘

2 E

15 E % 3 0<y,,<38 forward-forward
) S ittt ettt ettty

” | - 2

0 L | L | L | L | L L L | 1 | L I: L | L
2 4 6 8 10 12 14 16 18
Ncn]l

-1 ) 1 s 4 4 3

A (rad)

2

(21.) g Ank i

How saturated is the initial state? srooxnzuen

Brookhaven Science Associates

RHIC-AGS User Meeting 2012
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http://arxiv.org/abs/1112.6021v1

eRHIC: REACHING THE SATURATION REGION

» ? \e
R ): Y 1D49|f-£epen1—epppoqeh-(eA,.
& S 3
ébe pite high energysrages’ ° § = | L 22USBPC 199 y 1/3
VAN Nt ZEUS,SVTX 1995
, 2 "Fheé o
NOD Gp(x Q ) d‘;n‘ a/’ he (3] , 18 Rgg@ 2 _
ation regl e/ / 10 -
Q Need also Q? eyér‘,drm! :
3
Q, [Only way Jivepisfo | 102 4
. ;r Q? non-perturbative .
' LS gy | nucleons
; , )
I ’ v ". /77 ;
- 2! Q';’/"" Fan ep i, | 10
collnd arLg ~ 1- eV :
/ A qQ, Mam
- /'/ / edlan b
g S > 1
! / [ | | median b
10-1 LA 1 [N EEE 1 [N ERE]
10° 10 10° 102, -1
10
Gold: A=197, x 197 times smaller! 10° 10° 10* 10° 10% 10 1
X
BROOKHRUEN
Brookhaven Science Associates NATIONAL LABORATORY
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J DIHADRON CORRELATIONS IN eA AT EIC

EIC: Perfect saturation signature:

» Extract the spatial multi-gluon J//

correlations and study their non-
linear evolution

0 essential for understanding the
transition from a deconfined into a
confined state.

Advantage over p(d)A: E"f

> eA experimentally much cleaner  Either jets or use leading
hadrons from jets (dihadrons)
O no “spectator” background to
subtract

O Access to the exact kinematics of
the DIS process (x, Q?)

Brookhaven Science Associates NATIONAL LABORATORY
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Presenter
Presentation Notes
Raju:  Di-hadron correlations are a test of universality because the same measurement in p+A and e+A is sensitive to "dipole" and "quadrupole" operators which are the same for both processes.


EIC: eA DIHADRON CORRELATIONS STUDIES

Exp: Saturation versus

Theory: Saturation “conventional” scenario

Dominguez, Xiao, Yuan, Lee, Zheng '11/12

011

| , Q2=1 Go‘.-‘}\{2 | | EIC stage-ll plriager 5, 2 GeVic
1 I T HT=Y o T N U N I | 0.2 - T .
Ote - o T | ““L  fLdt=10fb-1/A 1<p%‘ss"‘z-:p‘T”QQF"r
[ eAu - nosat -
014 1 : EIC stage-Il i ni<4
0.12 |- S /7N fLdt=10fb/A| | =015
7~ - teca N =4 i eAu - nosat
<& |01 | : a \\ < i
-2 Iy \ :,_5 -
0.0 ' \ 0.1
o N i eAu - S.é;[ Q%‘i‘ GeV? (33 .
066 |- i r vic !
B “/ . ri =
0,04 |- /7 /eAu TRER, <P 0.051
0,02 :..-—-"'/.‘ I BT R . -
-30: -25_|_|_|_|_|;.2_|_|_|_|44_r5.|ln|l--7!l|l‘l-- OTlIIJIlllllllllllllllllllllll
2 25|0g3 (x §5 4 45 2 25 3 35 AR
P Ag

O eA-MC: Pythia6.4 + nPDF (EPS09) + nuclear geometry from DPMJetIII without PS
Q Here for 10 fb-1/A (~ 20 weeks), std. experimental cuts
Q Clear signal, pronounced differences between sat and no-sat

Brookhaven Science Associates NATIONAL LABORATORY
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HARD DIFFRACTION IN DIS AT SMALL X

e l‘f‘|(p|p’|¥|||
T (PP ya-ump A
'eDA%js the mﬁmm action
of the sttick' Pirfén w.r.t.

10°

D
do/dt (nb/GeV?)
3 2

10°t|  the Pomeron
| © |+ k= /b momentun
W 810l ractioh of the exchanged
BIoS ST v 11X M) = ject (Pomeron) w.r.t. the
‘;'? i %1035_ h dr‘O"COherent =
| —._| Largest rapidity o 3
e \ gap in event B
pp SN | o O] :
_ a breakup offz
10

| 2 g 2
— em l_y_l_y_ FD’4(ZU :|2|B|il\||_|h|}?p$| %IQQII/Q“-(I/—I}]I:-
dwﬂ(@zdﬁdﬁ)‘;t ol.fﬁQQA' 1|_ \ 12 2 2 07’ bd‘l- ','_WOBL bﬁ ’6{16 J

t (GeV?) t (GeV?)

* Diffraction in e+A:
 coherent  p intact » coherent diffraction (nuclei intact)
 incoherent « breakup of p » breakup into nucleons (nucleons intact)

» incoherent diffraction
» HERA: 15% of all events - .
. are A!!&Eg diffractive » Predictions: Udiff/ Otot 1N mm

NATIONAL LABORATORY
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* Diffraction in e+p:



WHY 1S DIFFRACTION SO IMPORTANT

:\\\‘I\\‘\|||\\|||II‘III‘\\\‘\\\‘Illl:
e+Au 'Y*A—)JI\VA

O Sensitive to spatial gluon distribution

10° Q@?=0
dO' ; Ap; ~ 10 MeVic -
e 10° . <
% Incoherent/Breakup
Q 10 =
d Hot Topic: %103__ Coherent _
» Lumpiness? A '
» Just Wood-Saxon+nucleon g(b) 107 1
Q Incoherent case: measure fluctuations/lumpiness |
i ;\ | L1l L1l I Ninl L L1l L1 _i
n 94(b) T L.
t(GeV?)

Q Sensitive to gluon momentum distributions

» o~ g(x‘QZ)Z 1-z ‘ E 1- 2
*p—pV 2 v r r%}:V=JIt|J.q>.p
do™ PP -~ U* dgqqqle—ibA
dt v !

d?b

dogq 2 2
= ~rasxg(z, u”)T'(b
n g9(z, u*)T'(b)

NATIONAL LABORATORY
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EXCLUSIVE VECTOR MESON PRODUCTION

O Golden channel: e + A - e’ + A" + VM

>

(
1
» [ Dipole Cross-Section:
4
1

IU T T IIIIII| III|

b° saturation ]
non-linear-regime -

—h
—

%E 1(
3 g LI
= ! r2
1( ST
gﬁ_ - dilute
3 - linear- :
z 1 - regime
2 I
UTJ 1 | | I| |
2 J Dipole Radius
-..-_D < >
© 1 I1 II

10

Brookhave



DIFFRACTION SENSITIVE TO SATURATION

10" Igl @ piAu~ o pUA o o 1.2:— nosat | Simple but effecfive
C\; -’"V‘ ] t t ;“ °
3 i -v:" Iclf)dhte=re1n0 :;/j:n s only 1 - Abaass 2y +WW Measur‘emenT °
2 L '{' X <0.01 _ i
c:" ‘v:‘ ® ep no saturation % 3 > . a . A4/3 as
5 s O L SH——L frer'fﬂe;)’ Diff(epY
_g. 102 '33;' ¥ eAu saturation (bSat) % i Sat C ¢ o
< r v Y 06 turation
° = o o » Coherent events only
3 S oaf Experimental Cus: scale with A%/3 for Iar'ge
& i P(Cecay) > 1 GEV/C 2
% Q
T ool [ > Sartre event generator
btttk based on dipole model

Q? (GeV?) _ Q? (GeV?) O describes HERA data

“.A e p/Au— e’ p/Au’ ¢ 5 2: ® no saturation

— 1 ;.* L ¢— KK 2-0 E ® saturation (bSat) > nosat : d'pOIe Cr‘oss -
> Cm_* coherent events only : :', Experimental Cuts: . . .
$ k& jua= 1o vsb %, o ed section linearized
B Fv me x < 0.01 . “r ." P(Kgecay) > 1 GeV/c
£ v. "o ® ep no saturation % 1.6F Co l d 'ff 5
S ol i s |8 e Q Clear difference in
B F v ::AA ‘ 4 eAu no saturation £) 14 a3 n@sat Soeeee *o00444 H H
;’ ‘v"v‘.y ‘:;AA v eAu saturation (bSat) 35/ 1.2 :_ mOde| pr‘ed 'CT|on
? Ty ‘t“w ° u
| S e 1F between sat and
gb 10-2 - '."V‘ .'.AAA § 0.8 :_
L% Tt = b nosat
— 24 g% ' u
(<] v TRg%a 0.6 y “.IIII.‘..".“
g C aaanaRRERREREEE
<:): 0.4 ,;.lll Sat

v 0.2F

10_3_ O:l|||I||||I||||I||||Ill||I||||I||||I||||I||||
7 8 9 10 1 2 3 4 5 6 7 8 9 10 BROOKHEVEN
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" eRHIC: INCLUSIVE DIFFRACTION

]
. X Largest rapidity
| | gap in event 1
= - -
b P s (= LY (My)

} i Pip l:.-'canu,-: u.':‘l )
£ b & _
> | Q? =5 GeV? > Q% =10 GeV?
O el x =3.3x107 S 2L x=6.6x108
o O o F stage-| 5
= B = B ]
CH T ]
5| 5 [ ]
O O
© - I11l] eAu - Saturation Model © L i
% I ep - Saturation Model ’?6
& 111l eAu - Non-Saturation Model (LTS) &
= 1073 = B ep - Non-Saturation Model (LTS) = 103 - E
— : | | | — : |
o 25F o 25F
S 2F - 0@ S LE
E sat E
é 1.5 E <q':, 15 E
o 'F o 1E
S 05F no-sat (LST) = 05E
— 0:|I 1 1 T B B B B | 1 1 [ | 1 — O:II | | T N A B | | 1 gl 1
101 1 10 107 1 10
MZ (GeV?) M2 (GeV?)
e . e
Can constrain models a lot with a few months of running!
Already in Stage 1!
BROOKHEVEN
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WHAT ELSE DO WE NEED?

Innovative Machine Design Very Novel Physics Program

0.60 GeV "

eAu - nosat
EIC stage-Il

JLdt =10 fbr'/A

s

New*"
detector

[ //'I eAu - sat 0%=1GeV?

# Py 2 GeVie
1e pq_.f.f.cx. il l:'I_Ir_uggnr
Inl=4

é:\/ DeTeCTor‘ -3 25 E:gm(xgiLS -1
§
~ | Concept ==

AEROGEL—

e

ROMAN T

POT STATIONS |= R
: -l 1

EIC 20250 ]2

L all wncertaintios fos Ax*=0 2

Lo oo bon g g I T W T I T T

0.4 045
AX(x.Q7) dx

Brookhaven Science Associates NATIONAL LABORATORY
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EMERGING DETECTOR CONCEPT

Magnet 2-3T

BARREL EMCAL

L)

T
PIXEL| FGT—
AEROGEL— | __ , i
i -
- m‘

Backward Spectrometer
For very low Q?-electrons:

e B
FWD SILICON |

eRHIC - Vertical beam line to 1P matching 30 GeV electrons

ROMAN T R SR
POT STATIONS «w space for low-©@ -
w- e=-tagger ) !

high acceptance -5 < n < 5 central detector

good PID (n,K,p and lepton) and vertex resolution (< 5um)

tracking and calorimeter coverage the same 2 good momentum resolution, lepton PID
low material density 2 minimal multiple scattering and brems-strahlung

Magnetic field extremely critical to get good tracking resolution in forward direction
very forward electron and proton/neutron detection - Roman Pots, ZDC, low e-tagger
Integration of detector in IR design

NATIONAL LABORATORY
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VIBRANT DETECTOR R&D PROGRAM STARTED

Q W-Calorimetry
» compact and high resolution

Q Pre-Shower

» W-Si

» LYSO pixel array with I II]
cartesian readout via X-Y WLS fibers

4 mm ‘uﬁ; plates, ~500p Si pads

Q PID via Cerenkov
» DIRC and timing info

» RICH based on GEM readout fom
Q Tracking
» p-Vertex: central and forward based on MAPS :
» Central: TPC/HBD provides low mass, o / 5
good momentum, dE/dx, eID — \ f,--i/‘” '
Fast Layer: p-Megas or
PImMS (MAPS+ timing) >‘S dddddd

» Forward: Planar GEM detectors
Details: https://wiki.bnl.gov/conferences/index.php/EIC_R%25 E'&ﬁiﬁ.@ﬁﬁf



https://wiki.bnl.gov/conferences/index.php/EIC_R%D

SUMMARY
ep /eA Data from an EIC

AGENT TRAINING

will provide answers to many
questions

Q What are the spatial transverse
distributions of nucleons and gluons?

Q How much does the spatial distribution
fluctuate? Lumpiness, hot-spots etc.

Q How saturated is the initial state of the
nucleus?

Q 2d +1 imaging in transverse momentum
and impact parameter space of the
partons in the proton

Q will determine the quark and
gluon contribution to the spin and get a
shot on the orbital contribution

Q and many things not mentioned

using a novel accelerator and

a 215t century detector
BROOKHRUEN
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BACKUP

BROOKHREVEN
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HARD DIFFRACTION IN DIS AT SMALL X
T e MRS L ST

e e o aaa -—— —ar

IGeV?)

Diffraction Analogy: plane

monochromatic wave incident on a
circular screen of radius R
A :_rist;:r:siiy 3 _ .................. |ncoherent/Breakup
E E
- Coherent/Elastic
A 0 91/\92 8 6 Angle
. ) 14 to Itl
-y > into nucleons (nucleons intact
et i | e et ’
» HERA: 15% of all events g e :
diffractive Predictions: gdiff/ater in endonéSndQih
Brookhaven g!:%e A!!&Fa‘tg . NATIONAL LABORATORY
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WHY 1S DIFFRACTION SO DIFFICULT?

Q Key in identifying diffraction is
rapidity gap
» requires hermetic detector
» does not allow separation of
coherent from incoherent

QO Measuring the scattered nucleus with
Forward Spectrometer (Roman Pots)

¢ Cannot measure t in eA except in

» coherent > cannot separate exclusive vector meson production,
from beam e.g.:
» incoherent 2 cannot reconstruct e+t A—oe +Jly+ A

all fragments to get p'
® Lack of t not a big issue for
measurements of Fz°, F.®> and

hence 6(x,Q?%)

Brookhaven Science Associates NATIONAL LABORATORY

RHIC-AGS User Meeting 2012 E.C. Aschenauer



LARGE RAPIDITY GAP METHOD (LRéG)

O Identify Most Forward Going
Particle (MFP)

> Works at HERA but at higher /s Diffractive p® production at EIC:
> EIC smaller beam rapidities n of MFP
M. Lamont ' 10
Ninax — e+p: RAPGAP: MFP in Event
- l 24100 GeV - DIS
- 5+100 GeV - DIS
Other particles (if any) 0.1+ ;gﬂgg ggg - B:g
' | L
| A A 5+100 GeV - Diff
| 1l 0.08 T 201100 Gev - it
Rapidity Gap S 30+100 GeV - Diff
: Y I
~ DetectorAcceptance .
- : . 0.06/ DIS
p/A direction e direction 0.04 —
Hermetlf:lty requirement: ; /7= Diffractive
® needs just to detector presence 0.021 Fo T
* does not need momentum or PID : ) e
* simulations: /s not a show stopper for EIC ol R i S T
. . . -8 -2 0 2 4 6 8
(can achieve 1% contamination, 80% raidity
efficiency)
BROOKHEVEN
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EIC eA KEY MEASUREMENTS

1 Key Measurements: Small set of measurements whose
ability to extract novel physics is beyond question.

Low x: EIC INT-Report: arXivi1108.1713v1
Deliverables Observables What we learn Stage-| Stage-l |
Integrated gluon FaL Nuclear wave Gluons at Exploration of
momentum function; 1073 <x <1 saturation
distributions saturation, Qs regime
kT -dependent Di-hadron Non-linear QCD Onset of Nonlinear
gluons; correlations evolution/ universality saturation; small-x
gluon correlations Qs evolution
Spatial gluon Diffractive vector Nonlinear small-x Moderate x with Smaller x,
distributions; mesons evolution; nucla saturation
gluon correlations and DVCS saturation dynamics
Large Xx:
transp. coefficients | largex SIDIS; parton energy loss, light flavors, charm | precision rare |

in cold matter jets shower evolution; bottom; jets
energy loss mech.

probes,
large-x gluons

Brookhaven Science Associates NATIONAL LABORATORY

RHIC-AGS User Meeting 2012 E.C. Aschenauer



BEST KNOWLEDGE OF Qs IN eA

— ~ 10 o
C 10 U [  Model-I: IPSat dipole model
) S B Model-II: BK + higher order
S = [ orr
Y < N
e @] ~.
o ____ _ Perturbative_ 1
1 non-perturbative
Q2 yuark, all b=0
ed/é i s,quark: - RS N
76 —  Au, ModekII
i - --  Au, Model-I
N —— Ca, Model-lI
--- Ca, Model-I
P, ,
7 / ",-' medlanb 10-1 1 1 IIIIIII 1 1 IIIIIII 1 1 L1 1111
10-1 = L/ ||.-|||||4 1 [ ||||||-3 1 L1111 , 10-5 10—4 10-3 10—2
10 10 10 10
X X
Enhancement of Qg with A
= saturation regime reached at significantly lower energy in nuclei
BRODKHEVEN
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HOW MANY GLUONS HAVE SPACE IN A PROTON?

small x / higher energy
parton Prucleon = —>

Q BK/JIMWLK non-linear evolution includes: P

recombination effects 2 saturation
» Dynamically generated scale

Saturation Scale: Q3 (x)
= Increases with energy or decreasing x \

» Scale with Q2/Q?/(x) instead of x and Q?

Bremsstrahlung Recombination
~ asIn(1/x) ~ Ogp

Saturation must set in at
low x = high occupancy

\

In 1/x

Y=

BROOKHREVEN
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WHAT DO WE KNOW ABOUT x& IN NUCLEI?

TR cwwveesns|  99% of all h® have p, < 2 GeV/e
“Bulk Matter” =2 x < 0.01

06
0.4

0.2

Fractional contribution to cross-section

o — —— EPSO09LO ------ HKNO7 (LO)
Other than in p: . EKss  —— nDS(LO)
6(x,Q?) for nuclei is little known N oBK(Q?=185GeV) y
Key: F (x,Q%) ~ x6(x,Q?) :”““'“ ..
Ry (z. Q%) = Fif(2,Q%)  Ga(x,Q) —
U AF(2,Q%) A Gy(z,Q?) -
| — BROOKHAUEN
Brookhaven Science Associates NATIONAL LABORATORY
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dZO,ep —eX

dxdQ’

4o’

x0*

quark+anti-quark
momentum distributions

In practice use reduced cross-section:

d? Q4
or = (dﬂ;ng) 2ma?[1+ (1 — y)?] B

0 How to extract F|
> Need different values of y2/Y*
> FL slope of or vs y2/Y*

> F2 intercept of or vs y2/Y* with y-

axis

Brookhaven Science Associates

RHIC-AGS User Meeting 2012

MEASURING F. WITH THE EIC (I)

o (1 y+y2 F,(x,0%) - FLQQ)}

gluon momentum
distribution

2

FQ(m,QQ)—l 5 Fi(@,Q”)

+ (1 —y)?

Fy(2,Q%) — <= FL(2,Q°)

O ¢
y2AY*

NATIONAL LABORATORY

E.C. Aschenauer
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Presenter
Presentation Notes
\begin{eqnarray*}\sigma_r =  \left( \frac{d^2 \sigma}{dx dQ^2}\right)\ \frac{x Q^4}{2 \pi \alpha^2 [1 + (1-y)^2]}
     &=&  F_2(x, Q^2) - \frac{y^2}{\color{red}{1+(1-y)^2}} F_L(x, Q^2) \\
 {}  &=& F_2(x, Q^2) - \frac{y^2}{{\color{red}Y^+}} \ F_L(x, Q^2) \\\end{eqnarray*}


MEASURING F. WITH THE EIC (II)

In order to extract F, one needs at least two measurements of the inclusive
cross section with “wide” span in inelasticity parameter y (Q? = sxy)

F, requires runs at various /s = longer program

10° - - - -
QO0-0ired (] °

o oera EIC studies:

5 GeV on 10, 25, 50 GeV/n | 000 e

5 GeV on 25, 50, 75 GeV/n !

5 GeV on 50, 75, 100 GeVi/n

= Statistical error is negligible
in essentially whole range

= Systematical Error

» Calibration

» Normalization

» Experiment

20 GeV on 50, 75, 100 GeV}fn
30 GeV on 50, 75, 100 Ge‘v‘:ln

04 » Radiative Corrections
T — —
0.2
m1zm_ T 1"& _a L] 'I T L T II . I. -IIﬂl _ T II T L I Il II L II ;&} o T 'I T I UL g _1 T II T | II Il L I' .II
0.1 2 0.3 4 0.5 6 0.7 8 09 1
| . X BROOKHEVEN
Brookhaven Science Associates y NATIONAL LABORATORY
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Presenter
Presentation Notes
Lowest value of x and Q2 :
y y2/Y+ proton p
0.7 0.44 100
0.54 0.24 130
0.28 0.28 250


AN ELECTRON ION COLLIDER IN THE US

Requirements:

Q High Luminosity > 10% em-3s-!

Q Flexible center of mass energy

Q Electrons and protons/light nuclei polarised

Q Wide range of nuclear beams

O a wide acceptance detector with good PID (e/h and =, K, p)

Q wide acceptance for protons from elastic reactions and
neutrons from nuclear breakup

BROOKHREVEN
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All energies scale

EIC@BNL: eRHIC
—— N, P

mp‘. Main Accelerator Challenges

(= [ Z |

r

Brookhaven Science Associates

Polarized electron gun - 10x increase FEUEE
100
Coherent Electron Cooling - New concept 89
Multi-pass SRF ERL to6

5x increase in current  30x increase in energy 0.83
Crab crossing New for hadrons 5.2
67
Polarized 3He production 12
Understanding of beam-beam affects New type of collider 80
p*=5 cm 5x reduction fone
8.3

Multi-pass SRF ERL 3-4x in # of passes 5
o . : 0.41
Feedback for kink instability suppression Novel concept _

BROUOKHEVEN

NATIONAL LABORATORY
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Presenter
Presentation Notes
We returned to developing cost effective and ECO-friendly eRHIC option with ERL located in the existing RHIC tunnel. We plan to install all magnets for 6 passes and 30 GeV from the start and then build up SRF linac from 1 GeV to 5 GeV per pass.
In this case electrons will pass through the detector halls in the way to the top energy, will collide in up to 3 IRs. Then they will be decelerated to the injection energy and damped.


eRHIC HIGH-LUMINOSITY IR WITH p*=5 cM

" 20280 |

eRHIC - Vertical beam line to IP matching 30 GeV clectrons

SR 8&19 S

AAA

= 8
eRHIC - Geometry high-lumi IR with p*=5 cm, I*=
and 10 mrad crossing angle = this is required for 103"

1 |

10 mrad crossing angle and crab-crossing o
High gradient (200 T/m) large aperture Nb;Sn focusing magnets

Arranged free-field electron pass through the hadron triplet magnets
Integration with the detector: efficient separation and registration of low
angle collision products

Gentle bending of the electrons to avoid SR impact in the detector

© D.Trbojevic, B.Parker, S. Tepikian, J. Beebe-Wang
o

R 0> RHIC-AGS User Meeting 2012 E.C. Aschenauer

10" r
10’

L

Generated
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SCALING VIOLATIONS AT SMALL X

rough small-x approximation to Q2-evolution:

dg1 B 2 spread in Ag(x,Q?) translates into
d10g9(Q?) x —Ag(z, Q%) n spread of scaling violations for gy(x,Q?)

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

smallest x bins require 20 x 250 GeV 5 x 250 starts here

2 E ™ ||||||| ll; C |I'|_|_|-I'I'I'I'I§ E T |I'| E T I E |||||| “;
15 x=13x10" dF  x=21x10" JE  x=33x10" JE  x=52x10" JE  x=82x10" 3
1 E JE JE = 2 3
= — DSSV+ JE 1E - = -
05 F J4F 3F — — =R
1 ekl | 1 oo E oofos 'O
0 F @ incl. 20x250-3 - 34F = - = <
: 1E 1E - E 3 o0
I 1 IIIIIIII L iiunme L1 Illllll Liiuunc 1 Itllllll L1 il - I ItIIIIII L1 1l - I Illllld 1 1 iiilim E
06 - T T T T lllll: - T ||||||l'|_l_l'I'I'I'IE___I_I'l'I'I'I'I'I'|_I_I'I'I'l'IE__ UL | T |||u|_ﬂ__ UL | T Jllllli_ =
T E : x=2.1x10" x=3.3x10" 1 x=5.2x10" JF x=8.2x10° § ~_
04 F El3 El3 El3 El3 E]
02 F 44 —::—mw-g.\.hl, —::—W TEoonly  IF overorerh
OF x=13xa0® 3F El3 4F 4F E
- ool Laaaunmc |||||||I Lot c Illlll|l Lannm e |||||||| Laaannme Lol L1 11Tl
2
1 10 1 100 _ 1 10 1 10 _ 1 10 10
Q [GeVT] Q" [GeV7] Q [GeV7| Q" [GeV7] Q™ [GeV7]
* error bars for moderate 10fb-! per c.m.s. energy: bands parameterize current DSSV+ uncertainties
BRODKHEVEN
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PREPARATION OF DIS AND SIDIS MOCK DATA

« PEPSI MC to generate ¢** and o*- with LO GRSV PDFs 8é@

DIS /E/ SIDIS;;?W’

inclusive final-state} identified charged pions and kaons

assume modest 10 fb-! for each energy, 70% beam polarizations
Q% > 1 6eVé, 0.01 <y < 095, invariant mass W? > 10 GeV?
depolarization factor of virtual photon D(y,Q?) > 0.1 (cuts on small y)

scattered lepton: 1° < 6, < 179° and p,.. > 0.5 GeV

hadron: Phadr 2 1GeV,02<«<2<009,
10 < eh@d, < 179°

« use rel. uncertainties of data to generate mock data by randomizing around
DSSV+ by 1-0

Bg;g;gaeamnqum pical 5% (10%) uncertainty for pion (kaon) frag. fcts (ffam B9S BRESI
RHIC-AGS User Meeting 2012 E.C. Aschenauer



MOST COMPELLING PHYSICS QUESTIONS

/ spin physics

@ what is the polarization of gluons at
small x where they are most abundant

@ what is the flavor decomposition of
the polarized sea depending on x

determine quark and gluon contributions

\\ to the proton spin at last /

-~

@ what is the spatial distribution of
quarks and gluons in nucleons/nuclei

imaging

@ understand deep aspects of gauge
theories revealed by k; dep. distr'n

possible window to

\\ orbital angular momentum /

-

physics of strong color fields

saturation

understand in detail the transition to the non-linear
regime of strong gluon fields and the physics of

how do hard probes in eA interact with the medium

RHIC-AGS User Meeting 2012

quantitatively probe the universality of\
strong color fields in AA, pA, and eA




BHTDVCS +1

DVCS ASYMMETRIES
@G ~ (’c

2
+H| T, |+

1T &
DVCS " BH DVCS

- different charges: e* e:

Ao ~ cos¢ ‘Re{ H %ﬁ+ ¥ - H

Aoy~ singIm{H $&A pKE} = p

‘ ~ « X
Aoy, ~ singIm{H + &1 + ...} I==p hedin target

Aoy ~ singIm{k(H-E)+4"..} wp H E

£ =xg/(2-xg) k=t/4M2 kinematically suppressed
BROOKHEVEN
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MC SIMULATION

Written by E. Perez, L Scheeffel, L. Favart [arXiv:hep-ph/0411389v1]
The code MILOV is based on GPD convolution by:
: A. Freund and M. McDermott [All ref.s in: http:/durpdg.dur.ac.uk/hepdata/dves.html)

v'GPDs, evolved at NLO by an independent code which provides tables of CFF
- at LO, the CFFs are just a convolution of GPDs:

TEQ ) = E N [ e w+{§e—§}] (x.E.0%1)dx

v'provide the real and magmary parts of Compton form factors (CFFs), used to
calculate cross sections for DVCS and DVCS-BH interference.

do a3x3y 7 ‘] ‘2 e’ { +ic cos(n¢)+s Sln((p)}
= — BH 2.2 2 1
dedyd |t|dgdp  167°PA1+6 € Xy L+ NR@B@)
9= 9 5y ‘Im/cs‘z = ny { ) +E[ VS cos(ng) + 2V sin(m/))]}
E= LX—
o= 0, ¢, 0 |]|2 xf&;;a)? (@{ +;cicos(n¢)+slj Sin((]ﬁ)}
v ;—T :exp(B(g)t) -> The B slope is allowed to be constant or to vary with Q3:
t

vProton dissociation (ep — eyY) can be included
v'Other non-GPD based models are implemented like FFS, DD

Brookhaven Science Associates NATIONAL LABORATORY
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http://durpdg.dur.ac.uk/hepdata/dvcs.html

DATA SIMULATION AND SELECTION

Acceptance criteria
« for Roman pots: 0.03¢< |t] < 0.88 GeV? ml < |t] < 0.85 GeV? \
« for |t| > 16eV2 detect recoil proton in (Low-[t| sample)

in d * Very high statistics
main detector | - Systematics will dominate!
«0.01 <y < 0.85 6GeV? « Within Roman pots acceptance

*n<3 1.0 < [t] < 2.0 GeV?
(Large-|t| sample)
» BH rejection criteria - Xsec goes down exponenﬁoll(ly
i - * requires a year of data taking
(applledoto xX-sec. measurements) @ 20x250 eV (stage 2)
*y <06 * Main detector can be used in

. (eel‘ey) >0 Qeqsuring |t )
« By >1GeV?; E,>16GeV?

» Events smeared for expected resolution in +, Q2, x
» Systematic uncertainty assumed to be ~5%
(having in mind experience from HERA)
» QOverall systematic uncertainty from luminesity
measurement not taken into account

eRHIC-Stage 1: 5 X 100 GeV 2> ~10 fb-! (~ a year)
eRHIC-Stage 2: 20 X 250 GeV > ~100 fb-! (~ a year) e

Brookhaven Science Associates NATIONAL LABORATORY
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sk Force

Ta

BNL EIC Science

05 |

20 GeV x 250 GeV

BH subtraction will be

~ not an issue for
Brookhaven Science Assogiat
54 y<0.6

BH FRACTION

5 GeV x 100 GeV
BH subtraction will be
relevant in stage 1,

.51 >at

g <2.51,3.98>
05 [ oot

<3.98,6.31>

<6.31,10>

<10,15.8>

<15.8,25.1>

<25.1,39.8>

<39.8,63.1>

sk Force

[ e
e <635.1,100>
e

Ta

BNL EIC Science

RHIC-AGS User Meeting 2012

large y, depending

on the x-Q? bin

BUT..

5 GeV x 100 GeV
and
5 GeV x 250 GeV
are overlapping:
X-sec. measurements af, ...
5x250 at low-y can
crosscheck the BH <i58.25.1>
subtrac. made for 5x100

<25.1,39.8>

,6.31>

<6.31,10>

<39.8,63.1>




6PDs: DVCS@eRHIC

do B Hevt

di A,

Specifications:

« Statistical error down to 1%

It uses smeared t values
(5% momentum resol.)

* |t|-binning -> 3 * resolution

(or higher)

Q> .x,10fb

4:"":’ + -
BBMEN
Brosoéhaven Science Associates NATIONAL LABORATORY
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To improve imaging on gluons

add J/y observables
Q cross section
Jd Ayr

- need still to do combined fit

in Dieter's [

[ @ vs.x,10 fb"at 20 x 250 GeV |

10

QMM2y, (GeV?)

E, = 10 GeV, Ep = 100 GeV with 10fb~1

016 <x, <025 10 GeV?<Q?+ M3y, <158 GeV?

Plots: M. Diehl

Brookhaven Science Associates

016 <xy <025 10 GeVZ<Q? + Miyy < 15.8 GeV?

2 .
16 L

- ﬁ

GPD H: J/Y

10 fb

E. = 20GeV, E, = 250 GeV with 10fb—*

0.0016 <x, < 0.0025, 15.8 GeV? <Q? + M3y, <251 GeV?
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Sivers asymmetry for n+:
Js=140 GeV / 45 GeV / 15 GeV

QUARK TMDs @ EIC

% Fom<p_<o2 E E — "
3102 -:z-?m 1 E 040 <z<045 r 0s0<z ¢ 002 .
= i A o u-Sivers fct. before and after
T 10 EHI-*F;I #I i R A Pz om
P E o e T 1 X i =
1"!-'.: lf :_ll"":l T __!ll' H _-.-‘I: 0
o II.'!IE:P“-:I:IJ , } , X oo
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The Gluon Sivers Function: y*N' — h+h+X

k, <<
L»/ qqbar interacts like g N
“Correlation limit“ ]
. Measure a pair
......... N of D mesons
k, = |kit + kar|
study charm : B >
to tag PGF KL < e
9 ] e [Statistically Pr = (kit - kav) / 2
\ challenging
J
Nn 03 T T T T T T
- EIC INT proceedings
0.2 | arXiv:1108.1713vl i
| section 2.3
0.1} S\ A
, dO’(kﬁ_, ¢Skl) — dO’(kl, Osk + ﬂ') i (0
A(kj_a ¢Sk’) — 7 / > [T B
do (K, psir) + do(k'y, ¢sw + ) < 00 :
4
"<‘f' F Ny T
-0.1
k'=15GeV
N /S e k'=1.0GeV|
02 N e k'=0.5GeV| -
_03 L 1 L 1 N 1 L
0.00 1.57 3.14 4.71 6.28

Brookhaven Science Associates
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SIMULATION ASSUMPTIONS
Pythia:

O unpolarised with CEQT 10 PDF

Q Beam Energies: 20 GeV x 250 GeV

Q Q% 1-106eV? y: 0.01 -0.95, 2>0.25

Q no cut on k, and p; but on ki/p, < 0.5 for “correlation limit”
Q Both DO and DO-bar — = K

Q Easily reconstructed

Q Branching ratio 3.87%

Q Are down feeds from different Mesons an issue?

Q Is the charm Meson a good proxy for the charm quark

045

04

0.143— _‘_: Direct DO/ Dobﬂf‘ 0'35;_
ok + * D% from D**—=*D° 03
r %+ D%ar from D"—wD?| I
01— : - "

£ 02
5008— B
Q ~ -
B 0.15F
0.06— C

- 0.1
004 —— = = -
Fe—

- :’: :
002~ == -

R S E|H#J_T-f \....\.‘..| ﬁ-ﬂ.k.. BROOKHERAVEN

0_|||||||||]|1|1|||||||||||||11% NATIONAL LABORATORY
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SIMULATION RESULT

05<ki<1 1<ki<2

0.08—

0.06|—
0.04—

0.02—

k'=1.5GeV
----- k'=1.0GeV| ]
-------- k'=0.5GeV]| 1

-0.02—

-0.04-

3.14 4.71 6.28
L

-0.06|-

-0.08

~8 months with

Q 1/sqrt(N) error per (¢, ki) bin, scaled for 50% efficiency
Q70% beam polarisation and
D100 fb-! integrated luminosity L = 10%cm3s!

Brookhaven Science Associates
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KINEMATICS OF BREAKUP NEUTRONS

Results from GEMINI++ for 50 GeV Au

| theta distribution of neutrons at E* =10 MeV | hizstoThetall |
Entriez 9143 |

_ ﬂ | Phote dicteibutinn AF monteane ok BY  C0 RESLT | |  histoThataSh |

Results: |
With an aperture of =3 mrad we are in relative good shape 500
- enough “detection” power for t+ > 0.025 GeV? s
- below t ~ 0.02 GeV?2 we have to look into photon detection
» Is it needed?
Question:
* For some physics rejection power for incoherent is needed ~10*
- How efficient can the ZDCs be made?
: s00[- 10F |
%020 - 30F
2001 S
B 20
O a5 10
. — T S S
by Thomas Ullrich mrad
Y == +/-5mrad acceptance seems sufficient
BROOKHRAVEN

Brookhaven Science Associates NATIONAL LABORATORY
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DIFFRACTIVE PHYSICS: P’ KINEMATICS

k!

Diffraction: |

electron

Simulations by J.H Lee 5

Brookhaven Science Associates

t(pa-pal? = 2[(mg". mgot)-(EVES - poitp;o)]

L
=

- " Roman Pots" acceptance studies see later

Mo
a

proton scattering angle [mrad]
o S

-
=

==

-
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-
=
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o
&
="
L
I IIIIII. I IIIIIII| -

-
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© 200 250
proton momentum [GeV/c]

NATIONAL LABORATORY

RHIC-AGS User Meeting 2012 E.C. Aschenauer



PROTON DISTRIBUTION IN Y VS X AT S=20 M

without quadrupole aperture limit
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MORE INSIGHTS TO THE PROTON

—|— Transversity distribution functton 6q(x)
Correlation between 5 and S S

Unpolarized distribution function q(x), &(x) : beyond collinear picture i
Explore spin orbit correlations

n
9
|
e
Helicity distribution function Aq(x), AG() Boer-Mulders distribution functlon
Correlation between 5’ and ki 1
peculiarities of f',; S
chiral even naive T-odd DF . 2 P
related to parton orbital angular i
momentum
gtgbﬂfes r:m: u"i‘ﬁ"“my °LPDFS Sivers distribution function fé n
-prediction: = -
P ey Lot Correlation between S and /|

Brookhaven Science Associates NATIONAL LABORATORY
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GPDS INTRODUCTION

How are GPDs characterized?
unpolarized polarized

~ conserve nucleon_helicity
H* (x,&,t) H* (x,&,t) HY(x,0,0)=¢q,H(x,0,0) = Aq

4 flip nucleon helicity
E* (x,&,t) E (x,&,t) not accessible in DIS

quantum numbers of final state ==) select different GPD

DVCS pseudo-scaler mesons vector mesons
o7 EY HY E* H!, E* H, E*
0
O x+&, x-& long. mom. fract. 0 2Au+Ad P 2u+d, 9g/4
= (p-p*)2
SR IAN N 2AU—Ad W | 2u-d, 3g/4
0 s, g
oM u—d
Brookhaven Science Associates RHIC-AGS User M«ting 2012 J/LlJ .\é&"l' ?NAA;Q;LE{;J::Y




FROCESSES TO STUDY SINGLE SFIN
ASYMMETRIES

volarizzd vo scarrz

7 ¢ U et

polarized DY
a8

NATIONAL LABORATORY
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6PD MODELING AND EVOLUTION

outer region governs the evolution at the cross-over trajectory

d 14
i et )= | 2 ox 1 ya, i H ey

GPD at n = x is 'measurable' (LO)
r .

net contribution of
outer + central region is
governed by a sum rule:

v ax =
),
2x

g 2 2
0 n_x

ZH_(xanat) :

H (x,x,t)+ (1)

Brookhaven Science Associates NATIONAL LABORATORY
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without EIC
we will just be able to
explored the
tip of the iceberg
to understand gluons
and sea quarks

EIC

will be a quantum step to
provide the answers to many
of our questions

S —

why WE have mass
protons spin
“understand” non linear effects
initial conditions for AA

SUMMARY

= roopkms§er€9§§éc|ah‘tm:llqrxiv‘orglpdfll 108‘ 171 3 NATIONAL LABORATORY
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