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MOST COMPELLING SCIENCE QUESTIONS

/" How are sea quarks and gluons and their spin distributed
in space and momentum inside the nucleon? @
»

‘;E How are these quark and gluon distributions correlated with the \§fits
over all nucleon properties, such as spin direction? &

‘g What is the role of the motion of sea quarks and gluons
in building the nucleon spin?

/ How does the nuclear environment affect the distribution ‘Zgy
° 3 3 ° o s Qg”

of quarks and gluons and their interaction in nuclei?
v~ How does the transverse spatial distribution of gluons compare to that in the nucleon?

\~ How does matter respond to fast moving color charge passing throughy\(t?
‘E Is this response different for light and heavy quarks? >
e

4 Where does the saturation of gluon densities set in?

‘;E Is there a simple boundary that separates the region fror. ‘e
more dilute quark gluon matter? If so how do the distributions™
of quarks and gluons change as one crosses the boundary?

Does this saturation produce matter of universal properties in
the nucleon and all nuclei viewed at nearly the speed of light? /

or




THE eA PHYSICS PROGRAM

Color Glass Initial Glasma sQGP - Hadron
Condensates Singularity perfect fluid Gas .
¥ »time
Hard Processes T EE/coal.
CGC (pQCD) Hadron
JIMWLK/BK »| Hydro (EeS)  Transport

Our understanding of some fundamental
properties of the Glasma, sQGP and

Hadron Gas depend strongly on our Advanta .
- ge over p(d)A:
knowledge of the initial statel! > eA experimentally much cleaner

v no “spectator” background to

@3 conundrums of the initial state: subtract

. . e » Access to the parton kinematics
1. What is the spatial transverse distributions through scattered lepton (x, Q?)

of nucleons and gluons? < X
2. How much does the spatial distribution » ::t:ils::fq:;?:; sc::::&ffects can

fluctuate? Lumpiness, hot-spots etc. > i

3. How saturated is the initial state of the s‘/d::ﬂ:\::,‘mm explanations, i.e. 1o
nucleus? ‘ hydro in eA
= unambiguously see saturation BROOKHAVEN
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eRHIC: REACHING /7' HE SATURATION REGION

< « 10F
% 10%F [ zeus BPC 1985 >
o [ [ ZEVS SVTX 1995 S
S I BgHisvixies G
107F g HERA 1994
- [] HERA 1993
> perturbative
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%"’énb
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X eRHIC (eA):
HERA (ep): 1/3
) Q47 ~c03 4
Despite high energy range: x

Q F2, Gp(x, Q?) outside the saturation
regime

Q Need also Q2 lever arm!

Q Only way in ep is to increase /s R~ A"

Q Would require an ep collider at 6old: 197 times Smﬂﬁoﬁf.tﬁm,( !
TS ~1S2°TeV > LHeC EC Aschonauar

~ (@2myx)! > 2R, ~ A3
Probe interacts
coherently with all nucleons




SATURATION: THE 6OLDEN CHANNEL

d Hard diffr'acﬁon in DIS at small x

:\Illllllllll\\\‘ ‘ ‘ | | |:
e+Au YA—>J/1]JA
=0 3

ApT 10 MeV/c ]

107 | E

Incoherent/Breakup 1 p, P W~ P
- e P’

Coneren Why is diffraction so important
: O Sensitive to spatial gluon distribution

do _ Fourier Transformation

g dt of Source Density p,(b)
Hoe) Q Hot topic:

» Lumpiness?

» Just Wood-Saxon+nucleon g(b)
Q Incoherent case:

measure fluctuations/lumpiness in g,(b)
Q VM Sensitive to gluon momentum distributions
» incoherent diffraction

~ g(x, 2\2
Predictions: aguift/gret in e+A ~25- 40% o~ 9(x.Q%)
HERA: 15% of all events are hard diffractive

do/dt (nb/GeV?)
3 3
| I

-
o
[

-
o CS] w =
L AL T T TTTT T T TTTTI T

Q Diffraction in e+A:
» coherent diffraction
(nuclei intact)
» breakup into nucleons
(nucleons intact)
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RATIQ OF DIFFRACTIVE TQ TOTAL CRO

SECTION

Q Black disc limit characterized by agditi/ott = 1/2 (Hera sees 1/7)
Q Large fraction of diffractive event is unambiguous signature for
reaching the saturated limit

Fraction of low-mass coherent diffraction in ep and eA at eRHIC:

eAu - Saturation Model
— ep - Saturation Model

Q2 =5 GeV?
x =3.3x103
eAu stage-1

[Ldt =10 fb-1/A -

ratio (eAufep) (1/0tot) dogif/dMZ (GeV?)

1079 £ eAu - Non-Saturation Model (LTS) =
- — ep - Non-Saturation Model (LTS)

| L L L 1 TR TR T | -

o5 z_ staf. errors & sysl. uncertainties enlarged (x 10) _E

2E  — —+—+— f 3

15 £ sat =

0.5 no-sat (LTS) E

Ll 1 L L [ T R | | 13

1 10
X M2 (GeV?)
Find:

* w/o non-linear effects eA/ep ratio stays roughly one

ratio (eAu/ep) (1/0tot) dOgii/dM? (GeV2)

—
=
[+

—
=
()

e = na
O thh = Mt

Q2 =10 GeV?

x = 6.6x102

eAu stage-Il ]
fLdt=10fb /A 1

stal. errors & syst. uncertainties enlarged (x 10}

* non-linear effects enhance adiff in eA scattering
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EXCLUSIVE VECTOR MESON PRODUCTION

> Unique probe - allows to measure momentum transfer t in eA

diffraction

- in general, one cannot detect the outgoing nucleus and its momentum

zJ—e(ﬁ;,%“)) = G, POUL Y
Coherent events only

gell dt = 10 fb"'/A
(1‘2)& nm

2.0k

(#/A*"3) o(eAu)/o(epk

T {oc L
¢satu1‘alﬂ yoal puEEaEEEEERRERERE

Q smu ~st28 (TN): cuts, of f.satucation

Jiy, op

region

Q Iqrge size (¢.p. ... h‘ftmsumg@“ dipole
ampfitrude” — morclsirﬁ”ﬁ‘i}i o satunation
D123455?ag1n
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anole Cross-Section:

| LI I|
saturatlon

non-linear-regime -

- dilute
— linear-
- regime

J Dipole Radius

A
Y

BROOKHERVEN
NATIONAL LABORATORY
E.C. Aschenauer

A



SPATIAL GLUON DISTRIBUTION THRQUGH
DIFFRACTION

> Idea: momentum transfer t conjugate to transverse position (by)
O coherent part probes “shape of black disc”

O incoherent part (dominant at large t) sensitive to
“lumpiness” of the source (fluctuations, hot spots, ...)

Spatial source distribution: F(b)~,_[; dAAJ,(Ab) 90
t= A%/(1-x) ¥ A2 (for small x)

10’

10°
10
10°

10

F(b)/fF(b) db

1

107

10

-1

B "]EI 005 01 015 02 0256 03 035 6°|den m QRHIC
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WHAT C OMPOSES THE SPIN OF THE PROTON
‘l' Do

UaIS' T CRUSHDE

- w
/ %

ok *héé e Gr'all

;'f"_-- vm le

“Helicity sum rule” ghaon
1 1 P Can an eRHIC give the
7h2<P’§| oco |- > ZﬁS”S”ZLZ L final answer?
qH—l

total usdes angular Contribution to proton spin to date:

quark spin momentum Gluon: 20% (RHIC)
Quarks: 30% (DIS)
MISS 50% > low x BROOKHEVEN
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PRESENT VS eRHIC KINEMATIC COVERAGE

1 LI II 1 1 I LI II 1 1 1 1 LI
RHIC pp data
108k Current polarized DIS data: constmmmg Ag(x) -
" OCERN ADESY oJLab OSLAC -4 g
| Current polarized BNL-RHIC ppaata i
- @®PHENIXm® ASTAR 1-jet g
—~ 1021 -
Al B 2
= B i
) - ]
CH :
Al R 4
@)

10 F E
1 -
B 1 L1 1 11 1 1 1 L1 11 II 1 I[)l 11 1 II 1 1 1 11 1 lII 1 1 1 L1 1 11
eRHIC extends x covcl-ﬂgi 0° / 10° 1

by up to 2 decades lowest x so far 4.6 x}0-* COMPASS

(ei Q%=1 GeV?)
BROOKHEVEN
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20

10

g THE WAY TO FIND THE SPIN

hep-ph:1206.6014
—

i gl(x,Qz) + const(x)
A

III Ll L] II'IIIII

x=52x107 (+52)

B 8.2x107 (+43) = DSSV+ n
i EIC 5x100
[ 1.3x10* (+36) EIC 5x250
i EIC 20x250

N @Q,w 21107 “3”(—5 x 250 starts here
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i 5 % 100 starts here

d*o
dQdE'

v :

+ 7€"9q* (pegs® —s-qpo)s,

&= pQCD scaling violations

dg,
—N_A ,
dlog(Q ) g(x,0%)

AZ(Q) = f gl(x,Q )dx f Aqf(x,Q )dx

E_ XAg 1 03

~L W™

cross section: "

dramatic reductioni
- d 02
of uncertainties:
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CAN WE SOLVE THE SPIN SUM RULE ?

gluon

spmA

1, /p1 z Q7

=Py oo 15 ) zﬂg@;s e
spin AE
e L I ]
Q*=10 GeV* 1 what about the
I | orbital angular
0.5 - ] momentum?

| Ag(x,Q?) dx
[

w/ eRI-II;': data

— =
S ]
S 5]
Fr,
+ 3
0.5 | Bl Dssv- |
- EIC 5100 | g
5x250 | B
20%x250 |5  * can expect approx. 5-10%
_E_IC ><2 {5  uncertainties on AZ and Ag
| R I I I all uncertainties Ifor Ay =9 % ik e \ ties
0.3 035 , 0.4 0.45
2 ~)
[ AZ(x,Q%) dx BROOKHRVEN
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GENERALIZED PARTON DISTRIBUTIONS

the way to 3d imaging of the proton and the orbital angular momentum £, & L,

Measure them through exclusive reactions
golden channel: DVCS

Fa

Spin-Sum-Rule in PRF:

from g,

1 1
—=J T = AT+ Y LT
2 q g 2 q g

q

GPDs: . 1 1 4o
Correlated quark momentum J g xdx (H ’ @
and helicity distributions in ’ 2\v -1 =0

transverse space

Brookhaven Science Associates responSible for Ol“bi‘l‘cl 0“9‘«“0" mo hmﬁﬁgglsﬁgngE
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THE DVCS PHASE SPACE

Current DVCS data at colliders:

10 3 — (O ZEUS- total xsec O H1- total xsec
® ZEUS- do/dt B H1-do/dt
B Hi- ACU L

Current DVCS data at fixed targets:

- A HERMES-A; A HERMES-ACU
| A HERMES-A_y, Ay, AL
A HERMES-Ayr * HallA- CFFs
¥ CLAS-Ay ¥ CLAS-AyL

Planned DVCS at fixed targ.:

M COMPASS- dG/dt, Acsu, ACST
JLAB12- dO/dt, ALu, AULs A|_|_
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quantum numbers of final state > selects different GPD
DVCS: wide range of observables (o, Ayr, Ay, Ay, Ac) to disentangle,GPRs, .,

Brookhaven Science Associates NATIONAL LABORATORY
E.C. Aschenauer



o

]

—@* -y I/

1

" -y I /

> ¢ = o

= 4

DVES AT eRHIC

«
£
£ 06 f
)
£ 04 | 4
= 047 rgg 15 17 19 21 |
o q t
X
02 T 0.004 < x < 0.0063 small t
10 GeV2 < Q2 < 17.8 GeV?

0

0 0.2 04 06 0.8 1 1.2 14 1.6
D. Mueller, K. Kumericki
S. Fazio, and ECA b (fm)

arXiv:1304.0077 BROOKHERVEN
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http://arxiv.org/abs/arXiv:1304.0077

M. Diehl & ECA

To improve imaging on gluons
add J/y observables

O cross section

Jd Ayr

Q...

10° ¢ 10%F 10°
[ JLdt=101b" FfLdt=101b"
[ at5+100 GeV 10° - at20+250 GeV
< | i 10*
N
> L
e
N§> 10 10 10°
< T E
o r [
[ L
L ” - 102
L S L
L i . TR /A L L
10° 10 10" 10° 102 107 1
Xy

e+p—=e+p+JY
15.8 < Q2 + M3, < 25.1 GeV?

0.12

0.1

0.08

0.16 <xy <0.25 0.06
" " n n n 0.04
02 04 06 08 1 0.02

0.08
0.016 < xy < 0.025 0.06
4 [ L L L 1 L 004
02 04 06 08 1 0.02
0
3r 1.2 1.4 1.6
2 b
1 it
0.0016 < xy < 0.0025 0.06
0 1 1 L L 1 0_04
0 0.2 0.4 0.6 0.8 1 0.02
0
1.2 1.4 1.6

A104 T T T T T T T
S
2 fLdt =10 fb™!
% 103 at 20 + 250 GeV |
5
3
x 102
°
()
; 10F  0.0016 <x, <0.0025
S 15.8 GeV2< Q% + M3, <25.1
5 L. .

0O 02 04 06 08 1

-t (GeV?)

— 10% . o
N> L c
5103 at5+ 100 GeV | _3
% Iz
% 102 | o
°
(]
; 10 016<xy<0.25
S 10 GeV2<Q? + M3, <15.8 GeV?
-

0O 02 04 06 08 1 12 14 16

-t (GeV?3)
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Where do we stand to realize EIC@RHIC
&= eRHIC
Latest Review:

NSAC 2013 Subcommittee Report on Scientific Facilities:

“The Subcommittee ranks an EIC as Absolutely Central in its ability
to contribute to world-leading science in the next decade.”

“There are outstanding R&D issues that remain to be addressed in
order to achieve performance metrics. Staging approaches to the
EIC are also being explored by [BNL and JLab). Both laboratories
are actively addressing R&D issues and are making good progress.”

NATIONAL LABORATORY

E.C. Aschenauer
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ELECTRON BEAM EVOLUTION IN eRHICS ERL

0.60 GeV

27.55 E/Eo
New 0.0200
detector 0.1017
0.1833
0.2650
0.3467
%, 0.4283
0.1017 eV E, e 0.5100
%% 0.5917
(5501833 6ev B0 0.2650 GeV o 0.6733
0.7550
( )55d0 3467 6ev E,  0.4283 GeV o YT
( ( )&EJ 051006V E, 05917 GeV E Q.98
1.0000
( &EHo.67336evE,  0.7550 GeV E, _—
¢ . \"—— 0.8367 GeV E,  0.9183 6eV E, e
S, %’ (Nahd|!.0000 Gev E, 5
Staging: bo ) ' : L
All lepton beam \% %«. All magnets would be installed from the day
energies scale one and we would be cranking power supplies )
proportionally by adding 100 m P 95 energy s increasing ERL: -
SRF cavities to the — > i
injector eSTAR energy recovery linac
E,=5, 10, 20, 30 éeV 30 GeV
- )
——_—
imation i BROOKHEVEN
Animation is by N. Tsoupas = A'I'I(gg el
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eRHIC: HIGH-LUMINQOSITY IR
" 20x280 ]

¢RHIC - Vertical beam line to I matching 30 GeV electrons

-REL&I9 S

eRHIC - Geometry high-lumi IR with p*=5 cm, I*
and 10 mrad crossing angle 2> 10° em-? s°! —

10 mrad crossing angle and crab-crossing R
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

AN A

=4,

Genegatcd
u rture ij
.l?ﬁfafgam). 1af:c B

0.8 1

2 1.4
[ [GeVic]

U D000

BROOKHREVEN
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eRHIC R&D HIGHLIGHTS AND LUMINOSITY

Challenge Increase/reduction beyond
the state of the art
Polarized electron gun 10 x
E, (GeV) L (em2 sect)
Coherent Electron Cooling Ney 300 ‘ ‘ ; ‘ ; ]
. : >3-10%
Multi-pass SRF ERL 5 x incre
30 x incr | | 3104
Crab crossing New for h D 5-1034
Understanding beam-beam effects New tyf 20 21034
p*=5 cm 5x 1 1.5:1034
Multi-pass SRF ERL 2.3xin | L10%
Feedback for kink instability Nove 11039 5103 2:10342.510% 3-
suppression 10 — | ' 0.5:10%
Space charge effect compensation Nove ] D.25-1034
0.110%4

50 100 150 200 250 300

E, (GeV)

Q Hourglass the pinch effects are included. Space charge effects are compensated.

Q Energy of electrons can be selected at any desirable value at or below 30 GeV

Q The luminosity does not depend on the electron beam energy below or at 20 GeV

Q The luminesity falls as E.-* at energies above 20 GeV

Q The luminesity is proportional to the hadron beam energy: L ~ E/E,,, BROOKHRUEN

Brookhaven Science Associates NATIONAL LABORATORY
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Challenge

Polarized electron gun

Can we do with less ?

Increase/reduction beyond
the state of the art

10 x increase

no cooling not
possible lose all
exclusive physics

- more conventional

-CoherentFElectronCooling
Multi-pass SRF ERL

_Crab crossing

New-concept———
L}

5 x increase in current

30 x increase in energy

cooling
- reduced lumi 10733

N need to remove

Understanding beam-beam effects
p*=5 cm
Multi-pass SRF ERL

Feedback for kink instability
suppression

Space charge effect compensation

crossing angle and go
to head on collisions
- beams get
separated by
dipoles close to IR
- impact on
synchrotron rad.

New type of collider

5x reduction
2-3 x in # of passes

Novel concept

Novel concept

Currently investigate machine and IR design with a less ambiguous R&D
to reach 10% cm-2s-! with 10 GeV initial beam energy

Brookhaven Science Associates

NATIONAL LABORATORY
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WHAT NEEDS TO BE COVERED BY THE DETECTOR

e(ku/) e

scattered lepton
incoming lepton
E,/

> X (p, /) ;
1 ' -
P(p,) targetnucleon - N

String Breaking - P
Inclusive Reactions in ep/eA: e :
Q Physics: Structure Fets.: gy, Fp, F,
Q Very good electron id 2 find scattered lepton

Q Momentum/energy and angular resolution of e' critical
Q scattered lepton 2 kinematics

Semi-inclusive Reactions in ep/eA:
O Physics: TMDs, Helicity PDFs - flavor separation, dihadron-corr., ...
-2 Kaon asymmetries, cross sections

O Execellent particle ID: n*,K*,p* separation over a wide range in n

Q full ®-coverage around y*

 Excellent vertex resolution < Charm, Bottom identification
Exclusive Reactions in ep/eA:
) Physics: 6PDs, proton/nucleus imaging, DVCS, excl. VM/PS prod.
) Exclusivity 2 large rapidity coverage = rapidity gap events

Q N reconstruction of all particles in event EN
 high resolution in + - Roman pots

E.C. Aschenauer

Brookhaven Science Associ:



THE eRHIC DETECTOR CONCEPT

Extremely wide physics program puts stringent requirements on detector performance
Q high acceptance -5 < < 5
Q good PID (r,K,p and lepton) and vertex resolution
Q same rapidity coverage for tracking and calorimeter
- good momentum resolution, lepton PID
Q low material density because of low scattered lepton p
= minimal multiple scattering and brems-strahlung
Q very forward electron and proton/neutron detection
Q Fully integrated in machine IR design
Summary:
Full Geant Model based on Generic EIC R&D detector concepts
https://wiki.bnl.gov/eic/index.php/DIS: What_is_important
https://wiki.bnl.gov/eic/index.php/ERHIC_Dedicated_Detector_Design

Phase-I (5 - 10 GeV): Phase-1II (>10 GeV):
N e S

3T Solenoid

o
-

i

= =
N
N
~

i
i
i

~3.0m

i
i
i

i
.

1
i
i

hadron-beam lepton—-heam
NAILIUNAL LABUKAIUKY
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https://wiki.bnl.gov/eic/index.php/DIS:_What_is_important

TRACKINE ELEMENTS

barrel silicon tracker:
» MAPS technology: ~20x20mm? chips, ~20 pm 2D pixels

= 6 layers at [30..160] mm radius
» 0.37% X, in acceptance per layer simulated precisely:;
= digitization: single discrete pixels, one-to-one from MC points
forward/backward silicon trackers:
» 2x7 disks with up to 280 mm radius
= N sectors per disk: 200 pm silicon-equivalent thickness
= digitization: discrete ~20x20 pm? pixels
TPC:
= ~2m long: gas volume radius [300..800] mm
» 1.2% X, IFC, 4.0% X, OFC; 15.0% X, aluminum endcaps
= digitization: idealized, assume 1x5 mm GEM pads

GEM trackers:

» 3 disks behind the TPC endcap
= STAR FET design
= digitization: 100 mm resolution in X&Y: gaussian smearing ..o

Brookhaven Science Associates NATIONAL LABORATORY
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TRACKER ZOOMED VI
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MOMENTUM RESOLUTION STUDY (1)
n* track momentum resolution vs. pseudo-rapidity

B 32 GeV/ic

B 1868 GeVic
B 1 GeVic

w
|

-
h
-
]

F
F——
-F--
-
— :
—= :
---'

Momentum resolution o, /P [%]

0 0.5 1 1.5 2 25 3
Pseudo-rapidity

-> expect 2% or better momentum resolution in the whole kinematic range
BROOKHRUEN
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MOMENTUM RESOLUTION STUDY (2)

=* track momentum resolution at n = 3.0 vs. Silicon thickness

~ 8r :
e |
E‘"‘ 7 ; S:icosnos;en?or ‘equivalent thickness'
\n_ - B 400 microns
o 6 = 200 microns
- - : 100m1:crons .
S s 10 microns -> ~flat over inspected momentum range
3 : e s mm—— —— o o °
I e S e S T because of very small Si pixel size
- R ca-
I S e S e B
R e S A N -
S IEmemen nih
§ O:I 1 1 ‘ L 1 | 1 1 1 1 1 1 1 1 L L L L
0 2 4 6 8 10 12 14 16

n* momentum [GeV/c]

n* track momentum resolution at n = 3.0 vs. Silicon pixel size

T °F
S F Lo
Q 7 Silicon sensor 'pixel size
\a_ E B 100 microns .
D 6__ ............. - 50 microns -
-> 20 micron pixel size is essential to < ;| = o
maintain good momentum resolution S -

@ C B N [ ]
2 PYSENRRN R OO e SRS B s
E £ - S A - o
g 2;?__ ,.-53_‘,_{_.:-_: _____ '."'.-.“- -~ —rtT
D C
S i
N

Brookhaven Science Associates 00 = 4 5 T R VR T

©* momentum [GeV/c]



EIC SOLENOID MODELING

main requirements:

= Yield large enough bending for charged tracks at large n
= Keep field inside TPC volume as homogeneous as possible
» Keep magnetic field inside RICH volume(s) small

14 -2> use OPERA‘3D/2D

1.2
software
0.8 /\

0.6 -

0.4 -

0.2 L
0.0 -
-0.2
04
-0.6
-08
-1.0

Total Length : 2.4 m
12 Inner Radius : 1.0 m

R coord 800.0 800.0 800.0 800.0 800.0 800.0 ) Outer Radius : 1.1 m

7 coord -5000.0 -3000.0 -1000.0 1000.0 3000.0 5000.0¢
Values of BR : R=800mm .
—Values of BR  R=600MM Central B field: 3.0T
__ Values of BR : R=400mm
_ . _ Values of BR : R=200mm

Presently used design: MRS-B1

NATIONAL LABORATORY

E.C. Aschenauer
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BACKWARD EM CALORIMETER (BEMC)

« PWO-II, layout a la CMS &
PANDA

» -2500mm from the IP

= both projective and non-projective
geometry implemented

= digitization based on PANDA R&D

| L Il
| | i I,-J | }-'

/ '
1/ I'f

10 GeV/c electron hitting one —
of the four BEMC quadrants (d

Same event (details of shower develo\pment]
BROOKHRAEN

NATIONAL LABORATORY

E.C. Aschenauer
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FOR WARD EM C'AL ORIMETER (FEMC)
Eﬁ;ﬁ%

| T T I
m_=iﬁiim|u==%==

tower (and fiber) geometry
described precisely

Q tungsten powder scintillating fiber sampling calorimeter
technology

Q +2500mm from the IP: non-projective geometry T .k _ :
Q sampling fraction for e/m showers ~2.6% = :\i\ =~ T é/"m 1% (fxed)
Q “medium speed” simulation (up to energy deposit in S ok L
o b : u Ideal digitization
flbef‘ COI‘CS) . o . . . "g ;\:I.\ Realistic digi (500pe/GeV)
Q reasonably detailed digitization; “ideal” clustering code 2 10 B Realistic digi (200pe/GeV)
; E \\!K + T1018 measured data
Q “Realistic” digitization: 40MHz SiPM noise in 50ns gate; % 8¢ "\"\ﬂ_\
Q 4m attenuation length; 5 pixel single tower threshold; g s 4 —
Q 70% light reflection on upstream fiber end: - \L“‘--—-.__:ﬁ
e L gv%/o +1.1%
-> good agreement with original MC studies -
and measured data 23 degree track-to-tower-axis IéhCldeh' angle
Brookhaven Science Associates 0—— 2'; 3 4 5 é N

Electron energy [GeV]



BARREL EM CALORIMETER (CEMC)

> 9 T |
8 g [ :Endcap: calorimeter (stra:ight tows
=~ - L] Barrel calorimeter (tapered towe
e 7
[7p]
: -
S 6
g 5_ //
>, n
S ¢ -//
LI:.:I 3‘ // slope ~ 0.92
2 e
1
% 1 2 3 4 5 6 7 8
Electron energy [GeV]
0 same tungsten powder + fibers technology as FEMC, .. . 4
ngsten po f o9y <> barrel calorimeter collects less light,
Q .. but towers are tapered = i .
Q non-projective but response (at a fixed 3° angle) is
_ perfectly linear
X, 14F : :
- ~ u Endcap calorimeter (straight towers)
% 12‘_ u Barrel calorimeter (tapered fowers) - :
s B
g 10X
5 of \ -> simulation does not show any noticeable
g b N difference in energy resolution between
- e straight and tapered tower calorimeters
4 ==
2; 3 degree track-to-Tower-axis incident angle
BROOKHAVEN

Electron energy [GeV] E.C. Aschenauer



LEPTON-HADRON SEPARATION VIA E/P

all plots: 106eV x 1006eV beams

3 -3.0<n<-20,1<p<3 ;-3.0<n<-20,3<p<5 20<n<-1.0,1<p<3
=x107 —_ —_ =10 10° ) M 7
0 F T T T T T T AN o S B B B BN LB B T - —
S 5S¢ S 50 — Al — Al
[=] L — C
O L TS ab —— Electi —— Electrons
E +H_sn:h r —— Hadrc —— Hadrons
3 . 3 . ]
2t E 2f = £
1f = = - E
0‘ nd f . i B BRI B TP ) L—
02 04 06 08 1 12 1.4 02 04 06 08 1 12 1.4 02 04 06 08 1 1.2 1.4

HADRON IDENTIFICATION WITH RICH

Cherenkov angle vs. p for aerogel (n = 1.0304) Cherenkov angle vs. p for C4F10 (n = 1.00137)

I consider hadrons in
: pseudo-rapidity range
100 zg;_ ~[1 ‘O 4 3.01

p(sw) p(GW)

-> non/kaon/proton |den1'|fncahon should be possnblq;npnxnmm
Broaozkhaven Science Associates 1_0 momenta “40 Gev/c E‘C‘ Aschenguep



MIGRATION IN (X,QF) BINS

10 GeV x 100 GeV beams
—~10°

T T TTTTT

Q? (GeV?

T TIIIITII

low y-coverage:
limited by E', resolution
X = hadron methed

-> “survival probability” is above ~80% in the region, = or change beam energy
where tracking has superior resolution

Brookhaven Science Associates NATIONAL LABORATORY

E.C. Aschenauer




FROM RHIC TO eRHIC

d 2013/14: Develop physics case and preliminary design for eRHIC.
d Run RHIC annually until 2016; thereafter every other year.

 Use reduced RHIC running to complete accelerator and detector
R&D, detailed design and prototyping for eRHIC.

3 Construct sPHENIX.

Q 2017: Install electron cooling
O 2018/19: Perform beam energy scan II.
Q 2020/21: Perform high luminosity jet measurements.

Q 2022-24: RHIC shutdown and conversion into eRHIC (10 GeV e-
beam): upgrade of STAR/SPHENIX to eRHIC detectors.

Q 2024: Commission eRHIC.

& of course all subject to
funding by DOE

Brookhaven Science Associates NATIONAL LABORATORY
E.C. Aschenauer



TAKE AWAY MESSAGE

The eRHIC will profoundly impact
our understanding of QCD
with its high energy, hig i

eRHIC community beyond RHIC

HLIC machine design ambitious,

but will push collider technologies

in several regions

BROOKHRVEN

NATIONAL LABORATORY
E.C. Aschenauer



BACKUP

Brookhaven Science Associates NATIONAL LABORATORY
E.C. Aschenauer



INTERNATIONAL CONTEXT

Electron-"TIon" colliders in the past and future:

HERA@DESY LHeC@CERN eRHIC@BNL MEIC@JLab  HIAF@CAS ENC@GSI

Ecn (GeV) 320 800-1300 45-175 12-140 12 > 65 14
proton x_. 1x10°5 5% 107 3x10° 5x10° 7 x10°3 5x103
=>3x10*
ion p p to Pb pto U p to Pb ptolU p to ~4Ca
polarization - - p, *He p, d, *He (5Li) p, d, *He p,d
L [cm2s1] 2 x 1031 1023 103334 103334 103233 3 4035 1032
IP 2 1 2+ 2+ 1 1
Year 1992-2007 2022 (7?) 2022 Post-12 GeV 2019 > 2030 upgrade to
FAIR
BROOKHRUEN
Brookhaven Science Associates NATIONAL LABORATORY

E.C. Aschenauer



POSSIBLE SCHEDULE TO REALIZE eRHIC

Fiscal year 2012|2013 (2014 | 2015|2016 {2017 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026

RHIC I physics L
RHIC Il upgrades

RHIC Il physics

sPHENIX/STAR upgrades

RHIC physics with upgrades

eRHIC

R&D (CDO-CD1)

PED (CD1-CD2)
Baselined (CD2-CD3)
Construction (CD3-CD4)

eRHIC detector
eRHIC physics

Projects/Construction [0
Operations ]

BROOKHREVEN

Brookhaven Science Associates NATIONAL LABORATORY
E.C. Aschenauer



Rapidity

00000

UUUUU

3 I AR RN SN N
plllI

low Q? coverage
critical for
saturation physics

Brookhaven Science Associates

LEPTON KINEMATICS

Increasing Lepton Beam Energy:
56eV: Q2 ~16eV > n~ -2
10 GeV: Qzﬂlav9n~-4

highest E', at most negative rapidities
independent of E,




SCATTERED LEPTON KINEMATICS

(CUTS: Q2>0.16eV? &4 0.01<y<0.95 |

-5 < rapidity < -4 -4 < rapidity < -3 -3 < rapidity < -2 -2 < rapidity < -1

10°F 10°F
5
105_ 105- 10°F
104 L
.8 10%F 8 " 8 3
= £10 £ 10°f
L L L
10°F 10°F
3
10°F 10
10°F
Y I Y PEPTYTT " PEPTYTT 1 3 Pl A PR T PRPTYTT P YY) | P EPPYYTT
,_~1 <rapidity <0 0 < rapidity < 1 1 < rapidity < 2 Momc il 28eV) 10°
10°F
10°F o
10°F 20 GeV on 250 GeV
3 3 3 10 GeV on 100 GeV
— -— 10_ —
T | T LI 5 GeV on 50 GeV
1 higher /s:
1k
of [ [ e scattered lepton has
10" 1 10 10? 107 1 10 10? 10" 1 10 10? small SCQ"QI"IHQ ongle

Momentum (GeV)

Brookhaven Science Associates

Momentum (GeV)

Momentum (GeV)

- negative rapidities

NATIONAL LABORATORY
E.C. Aschenauer



PION KINEMATICS

Cuts: Q?>1 GeV, 0.01<y<0.95, z>0.1

|

M$menlum Ge\/c9 M$menlum (Ge\/cg |

Increasing Hadron Beam Energy: influences max. hadron energy at fixed n
Increasing 30 GeV < Js < 170 GeV

- hadrons are boosted from forward rapidities to negative rapidities

% no dlffer-ence between =, K*, p* BROOKHRVEN

||||||||||||||||||||||||||||||||

41 ECAh




HADRON, LEPTON, PHOTON SEPARATION

ty<d |  F d<rapidi ty< = [<rapidity<-2 idity<-1
10*E 10'F
1025-
E 10°F .510 3 E
& & &
10F
ik 10°F
t&.uu,”ﬂrwl"\ 1 |
10 M el NI B | N | Y F
. A<rapidity<0
10k
't
N3
3 5 GeVx50 GeV
10°F )|
hadron
E10* g g
= & w'E &) 10°F photon
0 electron
10F 3
L | e
! S U P ! no cuts applied
10" 1 10 107 1 10 107 1 10

Momentum (GeV) Momentum (GeV) Momentum (GeV)

hadron/photon suppression factor
needed for p.>1GeV:

-3<n<-2: ~10

-2<n<-1: > 100

-1<n<0: ~1000

Brookhaven Science Ass

Pmax Nadron for PID:
-5<n<-1: < 10 GeV
-len<-1: < 5 GeV
1n<5: < 50 @aMoxnruen

NATIONAL LABORATORY

E.C. Aschenauer



Entries

LEPTON IDENTIFICATION

-2<rapidity<-1

Serapidity<-4 -A<rapidity<-3 -3<rapidity<-2 'k

10'E

10F
10F

| L 1

~1<rapidity<-0 O<rapidity<1

5
10°F 1<rapidity<5

20 GeVx250 GeV
hadron

photon

electron

10F

no cuts applied

10 ! 1 10 10° 1 10 10° 1 10
Momentum (GeV) Momentum (GeV) Momentum (GeV)

hadron/photon suppression factor  Pmax hadron for PID:

@ needed for p,.>1GeV: -5<¢q<¢-1: < 30 GeV
-4(1](..3: >100 ‘1(1']‘-1: < 10 GeV

-3<n<-2: ~1000 1<n<B: < 10Q:@eMunnuen

NATIONAL LABORATORY

-2<1]<-12 > 104 E.C. Aschenauer
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WHAT DO WE KNOW

2
d O',],\;(j: 22 Y. . v:_ Y

Eluon density dominates at x<0.1 l
H1 and ZEUS Gluon density dominates at x<0.1 I

PN s Q> =10 GeV? A
< 0 —— _ H1 and ZEUS /D
» [ [ -
S
T
k !
C 1
1
1
1
!
107 £ !
C 1
C 1
—— HERAPDF1.0 \ N '
102 2 - exp. uncert. "E‘:I ' :
|:| model uncert. :‘I" | :
- parametrization uncert. "‘ Satu rat'on N exp. uncert. %
10° Y B N N\ . o _‘ '
10 10° 10° 10 . non-perturbative region ~
F quark x=1 In X X

Q 10Rapid rige in glaons described natudally by linear pQCD evolution equations

Q This rise cannot increase forever Zlifii¥s on the cross-section
= non-linear pQCD evolution equations provide a natural way to tame this growth and
lead to a saturation of gluons, characterised by the saturation scale Q?,(x)

splitting recombination
— — BROOKHRVEN
Brookhaven Science Associates NATIONAL LABORATORY
44 E.C. Aschenauer




Fractional contribution to cross-section

A2 e o - L2
Q° (GeVZ)

—Pb

WHAT DO WE KNOW ABOUT x& IN NUCLEI?

T LI II T T T T T T1TT1 II T T T T I TTT T T T T T TTT
10%E Measurements with A = 56 (Fe): =
- e eA/pA DIS (E-139, E-665, EMC, NMC) i
- m  vADIS (CCFR, CDHSW, CHORUS, NuTeV) -
" o DY (E772, E866) 1\
102 o o 8" _
B EE N EEN a
: 0000 O O .:. : ; :
= 0000 O O O 4 —
B ooooog:<!: X L L )
» 00000 O ® mO» ome HEEEE -
1ol o© o o ¥o ok LT
; g N B N
[ e"e ol ceee 1 4
: = w2 AL )
| | BPS [ J .. () [ I M J .. e o -
) n m o¥e o
perturbative "e® o - O 0
1 [ LR SRR —— P e i
F non-perturbative = mum m s 3).8
N u Emm n .
: P 1o
( . 4
0.1 1 1 1 L1 11 II 1 1 1 L1 111 I_Q
10 1073 102 10" 10



INCLUSIVE DIS IN eA: NUCLEAR PDFS

ed—e
"i,f;sz‘":i’g 1% J (602~ (3<Q2)

quark+anti-quark gluon

> Expect strong non-linear effects in FL

proton Au (A=197)

Relative
contributions of
higher twist
effects to FL
amplified in eA

(Fy - FE™™ 7™y,

-4

-3
'IOG‘m-:’xJ

Dipole model (J. Bartels et al.) BROOKHEAEN

Brookhaven Science Associates NATIONAL LABORATORY
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INCLUSIVE DIS IN EA: NUCLEAR PDFS

12 1.2

- Q2=27GeV2 x =103 stat. errors enlarged (x 50) - Q2=27GeV2 x =103 stat. errors enlarged (x 5)
- 8ys. uncertainty bar to scale r sys. uncertainty bar to scale
1= - R bommmmomee- S - 1~ - - ------------- R EE e bo----- I
dx 08 & 08l
™ i T |
< I < L
— 3 — -
{N 06 i" 0.6 -
i _ Beam Energies AJLdt i I
o 5 on 50 GeV 2fb _
T 04T son75Gev  4fb B rcBK o 04F .
50n 100 GeV  4fb? [0 EPS09 (CTEQ) - _Beam Energies
02k 0ol 50n50GeV 2fb
<l Sj cu AU “l Son75GeV 41! I rcBK
- { | } - 5on100 GeV 4ib! [ EPS09 (CTEQ)
D I L 1 | 1 L 1 1 I L 1 1 1 I 1 1 1 L | 1 1 L 1 | 1 1 1 1 | 1 1 1 1 I U L 1 1 | 1 1 1 1 I L 1 1 1 I 1 1 1 Il | 1 1 L 1 | 1 L 1 1 I L 1 1 1 I
1 2 3 4 5 6 7 1 2 3 4 5 6 7
A% A%

> measurement of FL requires running at different Us
> F2, FL: negligible stat. error, systematics dominated

> A dependence helps to discriminate between linear and non-linear
(saturation) models

> Precision nPDF: Huge impact on pA, AA programs
BROOKHRVEN

Brookhaven Science Associates NATIONAL LABORATORY
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SPFATIAL GLUON DISTRIBUTION THROUGH
DIFFRACTION

5 J f o coherent - no saturation 0 o coherent - no saturation
104 = P o incoherent - no saturation 10° o ¢' o incoherent - no saturation
E o = coherent - saturation (bSat) o = coherent - saturation (bSat)
B 'D = incoherent - saturation (bSat) o * incoherent - saturation (bSat)
. 10*
1031 [Ldt = 10 fo"! . fLdt = 10 fo°
F o= 1<Q? <10 GeV?, x <0.01 " 1< Q% <10 GeV?, x < 0.01

s
o
ra

I’L&II

o
.I:l
L
43'56

—

do(® AU = € AU d) /gt (nb/GeV?)

do® Al & AUGt (nb/GeV?)

B 5
[al

1011 In(edecay)l < 4 y In(Kdecay)! < 4 *'.%@

g pledecay) > 1 GeVic 10 p(Kdecay) > 1 GeVic

- (a) att=5% i (b) bt = 5%
10'2||||||||||||||| ||||| |||||| 10'2 IIIIIIIJ|II|II|II|III|JII|.II[

0 0.02 0.04 006 008 0.1 0.12 0.14 0.16 0.18 0 002 0.04 006 008 0.1 0.12 0.14 0.16 0.18

It (GeV?) It (GeV?)

» Goal: going after the source distribution of gluons through Fourier
transform of do/dt

> Find: Typical diffractive pattern for coherent (non-breakup) part

> As expected: J/V less sensitive to saturation effects than larger

d-meson
BROOKHRVEN

NATIONAL LABORATORY
88C. Aschenauer
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DI-HADRON CORRELATIONS IN dA

comparisons between d+Au — h; h, X
(O_txp*Au — hl hz X ) and Ptp — h1 hz

b © dvAuFTPC-AU020% | O At y=0, suppression of away-side
= . —— p+p min. bias ‘ﬁln g H e . °o o
5 | PP - jet is observed in A+A collisions
= - * Au+Au Central s o .
= ol B O No suppression in p+p or d+A
£ ] > x~10-2
-0 TS A Ay ke 1+k e 2

g & 2 G K g S e T 3 xA= 1 7 2 <<1

3 4
A ¢ (radians)

‘ * (7

. p+p —> m'n"+X, vs = 200 GeV d+Au = 717X, Vs = 200 GeV, 2000<TQue < 4000
2 00225F T >2GeV/c, 1 GaV/e<prs<Pu || 003 pu>20Gev/e, 16eV/c<pi<in Q However, at forward
o5 0.02F <m>=3.2, <ns>=3.1 o i L r=3.1, <ngr=3.2 o foa e
2 % Yoot I rapidities (y ~ 3.1), an away-
301750 39 offset
2o E oo ° ° .
S oo 2 ot side suppression is observed
£ D.o125k ta T in u
2 : 050,015 b
=2 oot S& -
[ [ -8 1%-]
0.0075F 001 o
: | : o0 Q Away-side peak also much
0.005[F Peaks ! ) | . .
; A 00051y STAR w  1.75+£0.21 +
ooosf LIIAR Ay 9 o _%?é o wider in d+Au COMPOI‘Qd to Pp
o Preliminary 7 SEOEEOT ol A ] D e 1073 BROOKHRVEN
-1 0 1 2 3 4 Ag Dep NATIONAL LABORATORY

- - E.C. Aschenauer



eA DIHADRON CORRELATIONS STUDIES

Exp: Saturation versus

Theory: Saturation “conventional” scenario

Dominguez, Xiao, Yuan, Lee, Zheng '11/12 J.H. Lee, L. Zheng (CCNUV) '11/12
L Q|2=|1 |G|(|9V|2 | L EIC stage-ll pli9%er 5 2 GeVic
| \‘l‘ BREEREE 021 [Ldt=10fVA 1 < p3SS0C < plrigger
\ EIC stage-|| - ni<4
S\ YLdt=101b"/A = 015~
a \\ 3 eAu - nosat
N
< oa
Q) .
cv'/u O
§ ssoc<ptrigger
R?Fx T 0.05
\s
o S ——— \\,al“;"'
-30 EI‘—I L1 r?.l5l | | - I-I2| | |-1I.I5I | | L1 I-1I | I.:. 0 1 i I i I i 1 || I i I i I i 1 1 1 I i I i 1 " I i 1 illi
> 25 109008k 4 45 2 25 3 35 4 45
A Ag

0 eA-MC: Pythia6.4 + nPDF (EPSQ9) + nuclear geometry from DPMJetIII without PS
Q Here for 10 fb-!/A (~ 20 weeks), std. experimental cuts

Q Clear signal, pronounced differences between sat and no-sat
BROOKHEVEN

Brookhaven Science Associates NATIONAL LABORATORY
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DEEP INELASTIC SCATTERINE - VACUUM

@ What happens if we add a nuclear medium

Observables:
Broadening: Ap,? linked directly with saturation scale Ap; =<P,«2 > A—<Pf >,,

Attenuation: ratio of hadron production in A to d R%(0?,x,2,p,.0)
modifications of nPDF cancel out

BROOKHREVEN

Brookhaven Science Associates NATIONAL LABORATORY
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WHAT DO WE KNOW AND WHAT CAN EIC DO

® DO mesons

Hermes:
E,=276GeV > Js=7.2

2-15 GeV

Pb i
1.40 v =35 GeV B pions

Q2 =10 GeV? —— D9 (10% less energy loss)

1.20

1.00 ++++ t
| ++++++N}K
0.80 +++
£y

8 <Q2<12 GeV2
32.5<v<37.5GeV
060 { 0.01<y<0.85
x> 0.1
fLdt =10 fb™"

|

Multiplicity Ratio

® DO mesons

Pb
140 1\ = 145 GeV
Q2 =35 GeV?

m pions
—— DO (10% less energy loss)

—n
o
o

o
o)
S

Multiplicity Ratio
5
L
_—
|
_—
—a]
o]
ol
=
T
—
—
—
——
—

30 < Q2 < 40 GeV?2
140 <v <150 GeV
0.60{ 0.01<y<0.85

x> 0.1 .
JLdt =10 fb™1 I (3
0.40

0.00 0.20 0.40 0.60 0.80 1.00 1.20
z

Brookhaven Science Associates
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WHAT DO WE KNOW NOW ON Ag(x)

- —  d
pini o SMC dl &1 N Ag(x9Q2)
-7 s ma XA | 0g(0”)
350 CESS 2
= + HEMESIO GeV
E & COMPASS |
i 5 CLASW>2.5 ; iefations of g,
- iSSP f
2500.10 : ~dependence) give
- to the gluon distribution via DGLAP
o idrapididyidlirect access to gluons (99.99)
E = os 0.2
1.5_— O.. N
‘f_ . \2
..£0.CLAS | ~
: 1 1 11 II|| 1 1 1 1 11 ||| 1 1 1 1 1l |_ E
D:'| 1 L1 10 _|2| |.I.] ) 1 ] I. I]nl-ll 11 |JC|-D-”£| """" = ;
. : X - F
ntegral in RHIC x-range: o:(Gevy T
0.0qF Of T} ¥4 ' | =S5t
AYAGD H005 @p0-Gey? =
_0. 1A 1 15 2 25 3 . n-9 (8.8% Vertical Scale| Unc.} o =
. P, (GeV/c) _'Z ef
.6 - = E) - .e oHA SHHA g P -
Gluon: 20%  Quarks: 30% p_(Gevi) T



30

20

10

g THE WAY TO FIND THE SPIN

hep-ph:1206.6014

i gl(x,Qz) + const(X) .
o ,? -

B 8.2x107° (+43) DSSV+ .
- T - © EIC5x100
i 1.3x10™* (+36) A EIC 5x250 i

& .

T 'IIII'III L] IIIIIII Ll L] II'IIIII

x=52x107 (+52)

| o— ™ EIC 20250

n @Q,Ae 2110703 o B x 250 starts here

N i 3.3x107 (+27)
5.2x10 (+24)@

8.2x10™% (+21) -

@‘- . .

o 1.3x107 (+19)

L — =+ oo 2.1><10'3(+17)
. o Ca Ok —Oh—o—0 33X10” (+15.5) ]
_1 .__r—el.—-e*—O——e 5.2x10" (+14)

B 2 - Ao —o—© 8.2X10" (+1‘;) -
' A Tk Ch——orh—Ox—O0——0 1.3x107 (+12)

S =4

— —Ca—k

M 2.1%107 (+11) Ak Ak —CA— O A —OA—O—© -
3_3><1()'2 (+10) g - . h—— Gk —Oh—Oh—O—O .
5.2x107 (+9) , £ s hA—Chk—OA —O6—9©

| 8.2x10° (+8) . i kA — O A—0O _

1 ".><I(] (+7) = S & A —Chk—Ch—OA
B 2.1x10" (+6) a e Ak —A -
3.3x10™! (+5) = A & T
- 52%x10" (+4)

- 5 % 100 starts here

BNL EIC Science Task Force

cross section:

d*o
dQdE'

~L uv

uv

Hov -

Vv

l VAo A
+_23“ q

(pegs® —s-qpo)g,

S=——- PQCD scaling violations

dg,

dlog(@)
AZ(Q) = f 2,(x,0%)dx f Aq,(x,0%)dx

10

~-Ag(x,0%)

aR(x,Q%) + C(x)

* COMPASS

X |
===

x = 0.0083 (+7.5) |, HERMES

T SMC
x = 0.0141 (+6.2)
« EMC

x = 0.0245 (+5.2)

x = 00348 (+4.5)

x = 0.0490 (+4.0)

x = 0.0775 (+3.5)

x = 0.122 (43.0)
x = 0,173 (+2.8)

o et X = 0.245 (42.0)
----- AAC .
e x % = 0.346 (+1.5)
GRsV e % = 0,400 (+1.0)
This Fit x = 0.735 (+0.5)

B = S

100
Q? (GeV?)

I I
1 10




IMPACT OF eRHIC DATA ON HELICITY PDFs

DIS scaling violations mainly determine Ag at small x

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

[ L I | A B BN yet, small x behavior completely
004 [ XAu Ik xAd 004 unconstrained

[ 1t ] = determines x-integral,
00 1F 7 002 which enters proton spin sum

of o - u

I ] * includes only “stage-1 data
002 | 4F ]-002

- - DSSV 1t - )
004:_ B DSSV+ & EIC 5x100, 5><250_::_ 004 e can be pushed to x=10-4 with
e i all uncertainties for AX2=9 1 :_ . 20 X 250 GGV dﬂfﬁ

vl Lol Lol Lol y ol Lol

i "_'""I LY | LY | LY | L L 03
004 [ XAs 1F xAg : ]

i 1F dramatic reduction = z
0 b B of uncertainties: 3§ = ISSues :

' I 1 01 « (SI)DIS @ eRHIC limited by

systematic uncertainties

oo b 4 need to control rel. lumi,
' 1k o1 polarimetry, detector performance,

[ F 17 .. very well
004 Q* = 10 GeV* 1k Y

i IIII 1 1 IIIIIII 1 1 IIIIII-—_ L 1 IIIIIII 1 1 IIIIIII 1 1 IIII: _0.2

107 0 . 1 107 T R BROOKHRVEN

NATIONAL LABORATORY
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WHAT WILL WE LEARN ABOUT 2D+1 STRUCTURE OF THE PROTON

6PD H and E dslflinction of t, x and Q?
(G TR

N

0
J

e e

R

GPR.HIand-E Rl vahruictine for sea-quarks and gluons

and good reconstruction of /¥ (from
e BROOKHRVEN

Brookhaven Science Associates ATIONAL L/
E.C. Aschenauer



AN ELECTRON ION COLLIDER IN THE Us

Requirements:

Q High Luminesity > 103 cm-3s-!

Q Flexible center of mass energies

Q Electrons and protons/light nuclei polarised

Q Wide range of nuclear beams

Q 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

Brookhaven Science Associates NATIONAL LABORATORY
E.C. Aschenauer



WHAT IS eRHIC

RHIC
Electron accelerator - rieing < 828
to be build QT Polarized protons
50-250 GeV

\
Unpolarized and S . ‘
polarized leptons . } { Light ions (d,Si,Cu)
5-20 (30) GeV T : D Heavy ions (Au,V)
@ 50-100 GeV/u
)

70% e~ beam polarization geal ‘T Polarized light ions

polarized positrons? He’ 166 GeV/u

Center mass energy range: Js=30-200 GeV: L~100-1000xHera

longitudinal and transverse polarization for p/He? possible
protons
electrons —> = —> = —> €
— ¢ €& €& —> —> —> — - - e

xRl s Rk

BROOKHRVEN
Brookhaven Science Associates
58
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eRHIC: design luminosity

e p ZHe3 79Au197 92U238
Energy, GeV 20 250 167 100 100
CM energy, GeV 100 82 63 63
Number of bunches/distance between bunches 107 nsec 111 111 111 111
Bunch intensity (nucleons) ,10'! 0.36 4 6 6 6
Bunch charge, nC 5.8 64 60 39 40
Beam current, mA 50 556 556 335 338
[Normalized emittance of hadrons , 95% , mm mrad 1.2 1.2 1.2 1.2
Normalized emittance of electrons, rms, mm mrad 16 24 40 40
Polarization, 7% 80 70 70 none hone
rms bunch length, cm 0.2 5 5
p*, cm 5 5 5 5 5
Luminosity per nucleon, x 1034 cm-2s-1 2.7 2.7 1.6 1.7

Hourglass the pinch effects are included. Space charge effects are compensated.

Energy of electrons can be selected at any desirable value at or below 30 GeV
does not depend on the electron beam energy below or at 20 GeV

The luminesity

The luminosity falls as E.-* at energies above 20 GeV

The luminosity

Brookhaven Science Associates

is propertional to the hadron beam energy: L ~ E,/E,,

NATIONAL LABORATORY

E.C. Aschenauer




BNL: 1°T DETECTOR DESIGN CONCEPT

, 3T Solenoid

. _ECAL W-Scintillator t
o E _‘EI
low Q2 _ _
tagger E 2 é %
: To
= = — To
i 1l il |
DIRC/proximity RICH 3
fam ) !
- L Wi . ssmH S L .
—n hadron[lbesg > clepton[lbeam n
PID: i

-1<n<1: DIRC or proximity focusing Aerogel-RICH
1<|n|<3: RICH
Lepton-ID:
-3 <n< 3t elp
1<|n|<3: in addition Hcal response & y suppression via tracking
Inl>3:  ECal+Hcal response & y suppression via tracking
.zBsn29: Tracking (TPC+GEM+MAPS) el

NATIONAL LABORATORY
0 E.C. Aschenauer



VIBRANT DETECTOR R&D PROGRAM

Q Calorimetry
» W-Scintillator & W-Si
» compact and high resolution

» Crystal calorimeters PbW & BGO
BNL, Indiana University, Penn State Univ., UCLA, USTC, TAN

Q Pre-Shower
» W-Si
» LYSO pixel array with
readout via X-Y WLS *

Univ. Tecnica Valparaiso

Q PID vno Ccrw"

O Traking st s
BNL, Florida Inst. Of Technology, Iowa State, LBNL, MIT, Stony Brook, Temple J lcb Vqumm Yole

» u-Vertex: central and forward based on MAPS
» Central: TPC/HBD provides low mass,
good momentum, dE/dx, eID
Fast Layer: p-Megas or PIMMS
Brao{%eﬁomndés Planar GEM detectors

-



MODELING THE DETECTOR IN GEAN

n-vertex detector:

J 6 layers with [30..160] mm radius

QD 0.37% X, in acceptahce per Iayer simulated precnsely
QO digitizatiQe discrete nixels one.to.ane fre

Forward/b

Q
Q
Q

T
Q
Q

Q dlgmz
mm GE

Forward

3 disks behind tr
rather precise S
digitization: 100

Brookhaven Science Associates




KINEMATICS OF BREAKUP NEUTRONS

Results from GEMINI++ for 50 GeV Au

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

_ ﬂ | Phnta dicteributinm of mondtennc of B¥ BN IS | |  hi=ztoThataSh |

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? we have to look into photon detection
» Is it needed?
Question:
* For some physics rejection power for incoherent is needed ~10*
-2 How efficient can the ZDCs be made?
: s00[- = |
%92, : 307
200 :
B 20
O a5 10
L T S
by Thomas Ullrich mrad
Y == +/-5mrad acceptance seems sufficient
BROOKHRVEN

Brookhaven Science Associates NATIONAL LABORATORY
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K

Diffraction: |

electron

Simulations by J.H Lee 5

Brookhaven Science Associates

DIFFRACTIVE PHYSICS: P' KINEMATICS

t=(pa-p2)’ = 2[(mp™.mp>*)-(E"E™" - pz"p:*")]

L
=

- " Roman Pots” acceptance studies see later

Mo
a

proton scattering angle [mrad]
o S

-
=

==

O
i
="
L
I IIIIII. I IIIIIII| -

-
o
w

-
=
3%

-
=

200 250
proton momentum [GeV/c]
NATIONAL LABORATORY
E.C. Aschenauer



PROTON DISTRIBUTION IN Y VS X AT S=20 M

without quadrupole aperture limit

300 103 300
200 zoxzso Entries 100001 200~
1001 102 100 -

t [ E |F

E. 0__ = _ E. _-
= L > !

- r E"‘;-?:.'.. 1
-100[~ 10 100 “

- E o E
-2001 200F-

C Co o 10
_30 _I L1 | T N | | I B | I T | | I T | | I N | 1 _30 _I L1 |'| T..H-l.'l:t-{l = L --I- o J:l I N |

-gﬂl] -200 =100 0 100 200 300 -gﬁl] -200 =100 100 200 300
x [mm] . . N x [mm]
with qucdruﬂpole aperture limit
300 1 300

- 20x250 | - 5x50 |
200 . Entries 99992 200 Entries 64323
100 102 1001
E [ €
E o T~ E oFt
> r N > :.J; 1
100~ 10 100}~
-200( -200(

C C 10'ﬁ
mgol e Lo b e ool L UL L EVEN
00 200 100 0 100 200 300 300 200 100 0 100 200 300  noparony

x [mm] x [mm]

—— - e ‘r\“'UMW



300

ACCCFICD LIN RUMAN FOU'I (CXAMFLLC) AT

200

100

0

y [mm]

-100

-200

25x250

Entries 67542

-30%00 -200 -100 0

x [mm]

200 300

10°

107

10

— Generated

- —— Quad aperture limited
-~ RP (at 20m) accepted

25x250

04 06 0.8

1 12 14
P; [GeV/c]

S=20M

300
5x50 _ I
200 Entries 36266
= 10
100 .
= _
£ of A
-2 —1
1001 ]
=200
10
_30 L L L L L | 1 1 1 1 | 1 1 1 1 | 1 1 1 L L | L L L L
-gl]l] =200 =100 0 200 300
x [mm]
5x50
10°
102
10
1L
E 1. N

1.4 =
P; [GeVic]



THE PILLARS OF THE eRHIC PHYSICS PROGRAM

S
Wide physics pr/ogr'am with high requirements on detator and méchine performance
: ' t BROOKHAVEN

Brookhaven Science Associates NATIONAL LABORATORY

‘! Cc n » E.C. Aschenauer



THE PATH TO IMAGING QUARKS AND 6L UONS

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

) how do they move in the transverse plane

) do they orbit and do we have access to spin-orbit correlati
= required set of measurements & theoretical concepts

1-D jf]f S Ft) <
( pnrm ensmes formfactor ~ A\,
fdzk'r/ \ f d*by I fdx
~ notrelated by bet £§—0
f(x kT “Fourier transf. 11 hT | H(x! 0, t) N H[:I,f, t)
241-D transv. mom. dep. PDF impact par. dep PDF generalized PDF
_ . Semi-inclusive DIS g exclusive processes
g i o 2 g
;’? e / d*br [ L U I N .
Wigner function high-level connection
+1- ?
4+1-D W(x,kT, bT) ‘ ‘measurable ‘
important in other branches of Physics [RIROONHEVEN
Brookhaven Science Associates NATIONAL LABORATORY
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1 THE HADRONIC MASS PUZZLE

quark
<
9
nucleon Zoﬁgf ang %, PAT5 ot o 842 12006) 225- 227
' | ' l : i
Q In QCD, all “constants” of quantum mechanics 041 - rioppemctind
are actually strongly momentum dependent: N Mass Afmm nothing!
CQUp“nQS, number d%ﬂSiTY,__ mass, etc. ;0‘3 / [= m=0Chiariimi
Q So, a quark's mass depends on its momentum. & | ——
O Mass function can calculated and is depicted =
here. 01
in agreement: the vast bulk of the light-quark mass
comes from a cloud of gluons, dragged along by the v ———F———— 3
quark as it propagates. e —
Q Continuum- and Lattice-QCD “-Efn,t mg2(k?) = mS/(k*+m 2)
Q Running gluon mass by Ej ‘
Q Gluon is massless in UV, in agreement with pQCD N% 0al
Q Massive in infrared o gof
Q mg(0) = 0.67-0.81 GeV 0t
Q mg(mg?) = 0.53-0.64 GeV ) e
Q DSE prediction confirmed by numerical 2(cev?)
ssimulations.of. lattice-regularised QCD Qinet al., Phys. Rev. C 84 042202 (Rapid Comm. )
69 E.C. Aschenauer


http://inspirebeta.net/record/769609?ln=en
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http://inspirebeta.net/record/708248?ln=en
http://inspirebeta.net/record/708248?ln=en
http://inspirebeta.net/record/708248?ln=en

HOW MANY GLUONS HAVE SPACE IN A PROTON?

O at small x linear evolution gives strongly

rising g(x) small x / higher energy

» cannot go on forever Ry S >
dBK/JIMWLK non-linear evolution mcludes o7, \
XN e ToYoYoYoYo
recombination effects = saturation o) N, Q z

> Dynamically generated scale \ O
Saturation Scale: Q% (x)

. :
» Increases with energy or decreasing x \ _9’0’099/ -

> Scale with Q2/Q?(x) instead of x and Q?
In QZ(Y) |
60"; \

Bremsstmhlung Recombination
ST e ~ a.In(1/x) ~ Olsp

g @ DGLAP Saturation must set in at
low x 2 high occupancy

T —— )
In AéCD ‘1‘5“"1 —>0 << 1 In Q

In 1/x

Y=

non-perturba

Brookhaven Science Associates NATIONAL LABORATORY
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DIHADRON CORRELATIONS IN eA AT EIC

EIC: Perfect saturation signature:

» Extract the spatial multi-gluon j,/

correlations and study their non-
linear evolution

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

Advantage over p(d)A: (%)

> eA experimentally much cleaner  Either jets or use leading
hadrons from jets (dihadrons)

O no “spectator” background to
subtract

0 Access to the exact kinematics of
the DIS process (x, Q2)

Brookhaven Science Associates NATIONAL LABORATORY
E.C. Aschenauer



Kinematics:

P(p,)

Valence
quark

Quark density

momentum
fraction x

Brookhaven Science Associates

10-16m

Quark dens

1ty

DEEP INELASTIC SCATTERING

2— _g?=—(k —k’)* Measure of
0 1 ( M ”) resolution

Q' =2E E’(1-cos®,) Ppower

Pq E’ ,(0)) Measure of
y= ﬁ =1——=cos 5 | inelasticity
= 0’ y 0’ Measure of
X (p,/) - i momentum
' 2pg W fraction of
struck quark

Gluon splits Quark splits
into quarks into gluon
e splits
i into quarks ..
‘Et_‘_i:, Quari
Valence
quark
n'lomcntum: -19 i
fraction x 10-¥m hlghef‘ Js

increases resolutiobo HRUEN

NATIONAL LABORATORY
E.C. Aschenauer



HELICITY STRUCTURE - OPEN QUESTIONS

-H'—b-lﬂl—h
N/

Nt
significant experimental and theoretical progress in past 25+ years, yet many unknows ..

(E Ag(x,.Q?) e

E,.*'XAg :3;:\] —l)SSN&xz 1 ]
* found to be small at 0.05 < x < 0.2 [RHIC, COMPASS, HERMES} “--GRSV | -~ DSSVAY2% |
* RHIC can slightly extend x range & reduce uncertainties f W?O:i%' 1":'.‘ f
[500 GeV running & particle correlations]) s 1 1 o
yet, full 15t moment [proton spin sum) = | -
will remain to have significant uncertainties ; 0
from unmeasured small x region _ ]
i DIS -0.1
A e GRSV maxg :m::c :p
[ : F -~ GRSV mi i LN
004 fDSSV+1  TAS] Aa’ 2 AN SIS
L DSSV 2% ; @ qs (x,.Q%) 10° 0h g 1
002 F 4
f ] « known: quarks contribute much less to proton spin
0f than expected from quark models
oo b large uncertainties in AZ from unmeasured small x
- EESSV STD | < surprisingly small/positive As from SIDIS: large SU(3)
004 F E breaking?
-+ GRSV VAL . l"“ ng: - e
L v oy © flavor separation not well known, e. u -
PR A: P 9« YgRooKARUEN
Brookh 10 10 ] NATIONAL LABORATORY
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SCALING VIOLATIONS AT SMALL X

rough small-x approximation to Q?-evolution:

dg1 B 2 spread in Ag(x,Q?) translates into
d10g9(Q?) x —Ag(z, Q%) n spread of scaling violations for g,(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'l E T I E |||||| “;
15 F x=13x10" dF  x=21x10" JE  x=33x10" JE  x=52x10" JE  x=82x10" 3
1 E 4E 4E = = =
ut —— DSSV+ 3JE JE - = -
05 F 4F 4 — — KGR
1 ekl | 1 E ohoo RSN N
0 ¢ mncl. 202505 - = — — - =
5 1E 1E C - ] =0
NIRRT A EETIT | AT B A RTINS R EETIT B SRR, | AR RTINS R I, | AN R TiTT B STt E
06 - T T T T T lllll: - T ||||ul'|_l_l'l'l'l'lE__ T Illlll'l T |||u|_ﬂ__ UL | T |||u|_ﬂ__ UL | T Jllllli_ =
T E 1E x=2.1x10" x=3.3x10" 1 x=5.2x10" JF x=8 210" I
04 El El3 El E|? T
02 F 44 —::—mw-g.\.hl, —::—W ooy IF overoreph
OF  x=13xa0® 3F El3 4F 4F r
- ool Laaaunmc |||||||I Lot c |:|n||l Lo nnme |||||||| Laaanme T | L1 11Tl
2
i1 100 _ 1 1 _ 1 10 _ 1 10 _ 1 10 10
Q [GeV7) Q" [GeV7] Q" [GeV7] Q" [GeV7) Q" [GeV7)
* error bars for moderate 10fb-! per c.m.s. energy: bands parameterize current DSSV+ uncertainties
BROOKHRVEN
Brookhaven Science Associates NATIONAL LABORATORY
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CONSTRAIN J, VIA 6PD E

observables sensitive to E:
(J, input parameter in ansatz for E)

0 DVCS Ay : HERMES
0 nDVCS A, : Hall A

Hermes DVCS-TTSA [arXiv: 0802.2499]: Al*“]i;(‘i"%)“’sq’ ~Im(F,H - F,E)
= of | 1 L 1 i: Aty m ]
2 : T Lp--1 WD
é -0.2 T T b 0.2 e 7
2= : :

0.4 1 s F = V66 ]
0 02 04 06 0 01 02 03 0 2 4 6 8 10
overall -t (GeVZ) Xp Q2 (GeVZ)
eRHIC: T E
HERMES like A,
20 GeV x 250 GeV
Lumi: 2x50fb-!?
BROOKHRUEN

NATIONAL LABORATORY

@5C. Aschenauer
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DIFFERENT DVCS ASYMMETRIES

arXiv:1304.0077
[T ' ('¢) ''''''''''''
P
¥y
- « }\4_ }
- L 4
‘ A BROOKHEVEN
Brookhaven Science Associates NATIONAL LABORATORY
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http://arxiv.org/abs/arXiv:1304.0077

sk Force

Ta

BNL EIC Science

BH FRACTION

1 5 GeV x 100 GeV
05 BH subtraction will be
(J S relevant in stage 1,

*>at large y, depending
on the x-Q? bin

F <2.51,3.98>
0.5 r .o""‘
. .
<3.98,6.31> BUT
<6.31,10>
B GeV x 100 GeV
<10,15.8> and g
5 Gev x 250 G‘v <6.31,10>
<15.8,25.1> are ovgrlqpping: i
X-sec. measurements at, ...
<sis>  Bx250 at low-y can
crosscheck the BH <15.825.1>
<sese3>  subtrac. made for 5x100
<25.1,39.8>
é ;; <63.1,100>
zo Gev x 250 Gev E 0 o .OIS. il <39.8,63.1>

BH subtraction will be

~ not an issue for
Brookhaven Science Asso&atz

Y(

J 70,5
% .C. Aschenauer

BNL EIC Scienc



HARD DIFFRACTION IN DIS AT SMALL X
e | b ol CP YA,

- amm e e B e - At

10°

IGeV?)

Diffraction Analogy: plane

monochromatic wave incident on a
circular screen of radius R
f ) _ """""""""""" incoherentiBreakip ]
E E
- Coherent/Elastic
A 0 91/\92 8 6 Angle
. TR
. ] [ wucleons (nucleons intact
> incoherent < breakup of p ‘ ::::(;\kurper.n:*:i:::o ::::n )
» HERA: 15% of all events . p :’.ef : oudaldl
Brookhaven amﬁ\ham diffrqc*ive re .c .ons‘ ad.ff a“* 'n MAL LABORATORY

E.C. Aschenauer



HARD DIFFRACTION IN DIS AT SMALL X

( h@é A—>JI A| K
is the momen&mofmchon
the struck péirtoif We¥ect,
e Pomeron 3
» |2 %7P momentum
tion of ‘I‘H@r%Ff’éWged

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

o
o
>
Q
Q
’X(Mx) a
kS,
S
L)

] _argest rapidity
gap in event

or

b breakup offA
1N -
d4 o4 ' y2 2 d
4 D o — oA _y+ ( Q27B)t)__ L (x7Q27ﬂat)
drd@=dBdtes o P2\ 12 2
t (GeV?) t (GeV?)

® Diffraction in e+A:
» coherent diffraction (nuclei intact)
> incoherent < breakup of p : :::o:\turpe:\?:h::::::?:n (wcleons intact)

» HERA: 15% of all events o™ h
v @@ hard diffractive  Predictions: utt/avar in enfoondith
79

E.C. Aschenauer

* Diffraction in e+p:
» coherent & p intact



LARGE RAPIDITY AP METHOD (LRé)

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

Nmax
Other particles {if any)

i--— A ——=

! Rapidity Gap
: Y
- - T =
E ne
Tlgeam 0 leeam
p/A direction e direction

Hermeticity requirement:

® needs just to detector presence

* does not need momentum or PID

* simulations: /s not a show stopper for EIC
(can achieve 1% contamination, 80%

efficiency)

Brookhaven Science Associates

0.08
0.06

0.04

M. Lamont 10

0.1

e+p: RAPGAP: MFP in Event
2+100 GeV - DIS
5+100 GeV - DIS
10+100 GeV - DIS
—— 20+100 GeV - DIS
— 30+100 GeV - DIS
-------- 2+100 GeV - Diff
-------- 5+100 GeV - Diff
-------- 10+100 GeV - Diff
-------- 20+100 GeV - Diff
-------- 30+100 GeV - Diff

Farn, Diffractive

0.02 e
0 -l Ll . ITJ.'LI'J-IL S
-8 0 2 4 6 8
rapidity
BROOKHRVEN
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BEST KNOWLEDGE OF Qs IN eA

LS 10 S [ Model-I: IPSat dipole model
@) 8 - Model-II: BK + higher order
SD_, — [ Teorer.
o ~ RN
e e/} S
1
Qg,quarh all b=0 b
—  Au, Model-II i
i --- Au, Model-l
i —— Ca, Model-ll
--- Ca, Model-I|
10-1 1 1 IIIIIII 1 1 IIIIIII 1 1 L1 1111
10 10° 10" 10° 107
10° 10" 10° 107
X X
Enhancement of Q¢ with A
= saturation regime reached at significantly lower energy in nuclei
BROOKHEVEN
Brookhaven Science Associates NATIONAL LABORATORY
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h-h FORWARD CORRELATION IN p(d)A AT RHIC

side-view beam-view
large-x: (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: €. Marquet ('07)
Latest review: Stasto, Xiao, Yuan arXiv:1109.1817 (Sep. '11)

Brookhaven Science Associates NATIONAL LABORATORY
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FORWARD CORRELATIONS IN dA AT RHIC

1 question, 2 answers

Initial state saturation model

b PR
rancaomiizeda

Away sideparton

bystrong,coIOHFHC dAu’ ‘V’S =200 Gev

&

d+AU = TR +X, vs = 200 GeV, 2000<T Qg 4000

o

B30 p>2 GEV/c, 1 GeV/c<prs<pr
[ <n>=3.1, <mp> =3,

=)
=

Uncorrec%mmdence
Probability ian™")
: =

I ‘I:S L G;r |

—
o
=
| 3 |
I T T T T T T T
. 4
5%.

0.0)5
eripheral
91 Ay o —=— central
- | PR | 0 0484002, o ]
0.005:—5 SLTAR 108 #» 1.75x021 102
B. Xiao [ef"af. 2012
[ Preliminary
DIIII'IIIIIIII|IIII|IIII|IIII|I
-1 0 1 z 3 4 5
By
hstdir2.20091004.2 20031120

“Non-initial state” shadowing model

— R

— shadowing+e-loss @ - shadowing

30<y,<38

1 ‘@%Wﬁgjﬂ """ T T

3 0<y,,<38 forward-forward

3 ﬁ( (K‘lv
” | ol 5%
0 | 1 | 1 L L | L | L L | 1 | I: |
2 4 6 8 10 12 14 16 18
Ncn]l
-1 ) 1 s 4 O 3
Adp (rad)

<q3—>d}1u > <qﬁ—>pp 0 A <qﬁ—

How saturated is the initial state? eBrooknaven

Brookhaven Science Associates

NATIONAL LABORATORY
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http://arxiv.org/abs/1112.6021v1

WHY IS DIFFRACTION SO IMPORTANT

:\ TT ‘ TTT ‘ TTT | TTT | TTT ‘ TTT ‘ TTT ‘ TTT ‘ TTT | 0
e+Au ¥ A—)JI\UA
Q%= 3

O Sensitive to spatial gluon distribution

Apr ~ 10 MeVic ]

do _ Fourier Transformation wh|

dt of Source Density p (b) S reohereiaasis
D HOT topic: %103__ Coherent =
» Lumpiness? A '
» Just Wood-Saxon+nucleon g(b) P e .
Q Incoherent case: measure fluctuations/lumpiness - ;
in g4(b) 0 00s G0 012 ot
eg o ° ° ° t(Gevz)
Q Sensitive to gluon momentum distributions
» o ~ g(x, Q) -2 ;
X ‘ E (1- 2)r
Y r - — F — V=J/l|J,‘P-p
do?" PPV | s 404y,
dt V d2b :
dO’
2 2
— M ~ i xg(x,u>)T (b
BROOKHRUEN
Brookhaven Science Associates NATIONAL LABORATORY
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MEASURING F. WITH THE EIC (1)

d’o?”"  4dma’

(1 y+y2 F,(x,0%) - FL,<\xQ>}

dxdQ’ - xQ*
quark+anti-quark gluon momentum
momentum distributions distribution

In practice use reduced cross-section:

([ d% zQ* ) o2
o~ (i) TGy~ Pe @) e

2

= P(2,Q%) - o7 Fr(z,Q%
0 How to extract F, Or 1
> Need different values of y?/Y*

> FL slope of or vs y2/Y* \-\_\

> F2 intercept of or vs y2/Y* with y- ! y2IY

axis
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MEASURINE F. WITH THE EIC (1I)

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° o ’ T
1 esa e EIC studies:
5 GeV on 10, 25, 50 GeV/n | 0000 238
5GeV an 25, 80, 75 GeVin, 000 = Statistical error is negligible
5 GeV on 50, 75, 100 GeV/n o o
081 - oot in essentially whole range
10%}

= Systematical Error
> Calibration
> Normalization

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

23 » Experiment
04 » Radiative Corrections
— ——
0.2 1
m_ = L I'.|_}1' " " I' I'I'.I'II_ u I' II| I' I'I'“'I ht " 'l|'I "". I'l = I : I' I'I]" .'I
1@ 0.1 @2 0.3 ®4 0.5 06 0.7 198 0.9 1 BHOOKHI"E"
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PREPARATION OF DIS AND SIDIS MOCK DATA

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

DIS /E/ srors:;?m

inclusive final-stafei identified charged pions and kaons

assume modest 10 fb-! for each energy, 70% beam polarizations
Q% >16eV?, 0.01 <y < 095, invariant mass W2 > 10 GeV?
depolarization factor of virtual photon D(y,Q?) > 0.1 (cuts on small y)

scattered lepton: 1° < 0, < 179° and p,.. > 0.5 GeV

hadron: pyq > 1 GeV, 0.2 < 2 < 0.9,
10 < thd, < 179°
« use rel. uncertainties of data to generate mock data by randomizing around
DSSV+ by 1-¢
« SIDIS: incl. typical 5% (10%) uncertainty for pion (kaon) frag. fcts (ffh D4S BrAVSIS)
87
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2
+H| T, |+ T

* 2
BHTDVCS + TDVCSTBH) DVCS |

DVCS ASYMMETRIES
@G ~ (’E

- different charges: e* e:

Ao ~ cos¢ ‘Re{ H %ﬁ+ ¥ - H

Aoy, ~ singIm{H +&f £KE}  imp Ab,.

- = ~ X
AGUL ™ SII'I¢'*II‘|‘I{H +/%H+ ...} ||-\ be”-n target

Aoyr ~ singIm{k(H-E)LA4"...}  whp 4 E

£ =x/(2-xg) k =t/4M2 kinematically suppressed
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