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Why e+A collisions and not p+A?

e e+A and p+A provide excellent information on
properties of gluons in the nuclear wave
functions

e Both are complementary and offer the
opportunity to perform stringent checks of
factorization/universality

e lssues:

= P+A combines initial and final state effects

= multiple colour interactions in p+A

- p+A lacks the direct access to x, Q?
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Why e+A collisions and not p+A?
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What did we learn from e+p collisions at HERA?
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What did we learn from e+p collisions at HERA?
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What did we learn from e+p collisions at HERA?
2
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What did we learn from e+p collisions at HERA?
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The structure of matter at small-x
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e Gluons dominate the PDFs at small- to intermediate-x (x < 0.1)
= Rapid rise in gluons described naturally by linear pQCD evolution equations
= This rise cannot increase forever - limits on the cross-section

splitting
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The structure of matter at small-x
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e Gluons dominate the PDFs at small- to intermediate-x (x < 0.1)
= Rapid rise in gluons described naturally by linear pQCD evolution equations
= This rise cannot increase forever - limits on the cross-section

e 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°5(x)
splitting recombination
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The structure of matter at small-x
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e Gluons dominate the PDFs at small- to intermediate-x (x < 0.1)

= Rapid rise in gluons described naturally by linear pQCD evolution equations
however - saturation in the gluon density is not observed in the

gluon distribution at HERA -> too small an x

How can this be observed experimentally?

splitting recombination
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What do we know about the structure of nuclei?
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The distribution of valence and sea quarks are relatively well known in nuclei -

theories agree well
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What do we know about the structure of nuclei?
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The distribution of valence and sea quarks are relatively well known in nuclei -
theories agree well

Large discrepancies exist in the gluon distributions from models for mid-rapidity
LHC and forward RHIC rapidities !!
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eRHIC: Electron lon Collider at BNL

Add an electron accelerator to the existing $2.5B RHIC

including existing RHIC tunnel and cryo facility A 70% polarized protons

‘l 25 - 250 (275*) GeV
Luminosity:

1033 — 1034 cm—2 s
80% polarized electrons: , Light ions (d, Si, Cu)
6.6 —21.2 GeV | Heavy ions (Au, U)
10 - 100 (110*) GeV/u

. Pol. light ions (He-3)
| 17 - 167 (184*) GeV/u

e

Center-of-mass energy range: 30 — 145 GeV

Any polarization direction In electron-hadron collisions
protons

—> — —> <— —>
s _y w-E a> @ @

* It is possible to increase RHIC ring energy by 10%
PANIC 2014: macl@bnl.gov 9
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From RHIC to eRHIC
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From RHIC to eRHIC
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eRHIC design with E, = 21.2 GeV
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Phase-space coverage of e+A collisions for an EIC

e Existing data:

= | ow energy (fixed
target)

= | ow statistics
= Mainly light A
e EIC coverage:

= Both “low energy” and
“high energy” options
e>§tend the reach in x-
Q beyond current data

= A coverage extended
up to U

= Saturation sgale at
moderate Q can be
investigated at the
lowest X

IIII 1 1 1 1 LI III 1 1 1 1 LI III III
103 Measurements with A = 56 (Fe): -
- e eA/pA DIS (E-139, E-665, EMC, NMC)
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Phase-space coverage of e+A collisions for an EIC

e Existing data:

= | ow energy (fixed

targ et) 103 Measurements with A = 56 (Fe):
o e eA/uADIS (E-139, E-665, EMC, NMC)
= | ow statistics L = vADIS (CCFR, CDHSW, CHORUS, NuTeV)
| o DY (E772, E866) _——

= Mainly light A 102 |
e EIC coverage: ' T

= Both “low energy” and
“high energy” options S fo § atem o oo
extend the reach in x- _ Ny A -
Q beyond current data 1 L POMUIDAlVE ,_ ..... e R -

10

Q? (GeV?)

= A coverage extended
up to U

0.1

= Saturation sgale at
moderate Q can be
investigated at the
lowest X
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Phase-space coverage of e+A collisions for an EIC

e Existing data:

= | ow energy (fixed

targ et) 108 Measurements with A =56 (Fe): |
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Saturation effects in the proton and nucleus

dQO.eA—>eX 471'042 y2 y2
— 1 — Z | F AN I F 2
0P 0 K Yy + 2) >(z, Q%) 5 L(%Q‘)J\
/ proton gluon

quark+anti-quark

Measure of non- >
inear effectsin x> ]
function N :;;?s

Dipole model (J. Bartels et al.) T \ow@ gy ©

e Plotting this distribution coming out of saturation inspired GBW
model

= p: small effect only starting to come in at small-x and small Q°
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Saturation effects in the proton and nucleus

dZO.eA—>eX 471'0(2

ded@? Q4

2

7

quark+anti-quark

Measure of non-

linear effects in

the FL structure
function

Dipole model (J. Bartels et al.)

model

~

2 2
[(1 — Y+ y_) FQ(vaz) _ %FL<x7Q

proton

104

A S L S

QJ\
gluon

-4

-3
IOgm(X) -2 \

e Plotting this distribution coming out of saturation inspired GBW

o ® IN R o
ol by by

Au (A=197)

= p: small effect only starting to come in at small-x and small Q°

= Au: much larger effects are visible

e nuclear “oomph” effects well manifested in the F structure

function
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Saturation effects in the proton and nucleus
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Dipole model (J. Bartels et al.)

e Plotting this distribution coming out of saturation inspired GBW
model

~

= p: small effect only starting to come in at small-x and small Q°

= Au: much larger effects are visible

e nuclear “oomph” effects well manifested in the F structure

function
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A precision measurement of the F2A nuclear structure function
* Method:

= Generate 10" e+A events with pythia 6.4, using EPS09 as
input PDFs

= Calculate G,q as a function of (x,Q?)

= Calculate F»"(x,Q%) using a parameterisation of R(x,Q?) a la
HERMES

- Taken from A. Airapetian et al, JHEP 05 (2011) 126

= Method has the advantage that the full range in (x,Q°) can be

utilised
d?co B 4m§m Fg(x,Q2) _1 B Q? | Y + QQ/E2
ded@> ~  Q* = | 7 4E? T 20+ R(z,Q%)].

PANIC 2014: macl@bnl.gov | 4
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A precision measurement of the F2A nuclear structure function

2

o2, Q%) = 3@, Q%) - T Fil (@, Q%)

P
> x=6.32 105
< : x=0.000102
= x=0.000161 HERA F2
83 x=0.000253
= x=0.0004 —— ZEUS NLO QCD fit
O N x=0.0005
- 9 x=0.000632 —— H1 PDF 2000 fit
x=0.0008
’ e H194-00
x=0.0013
4 H1 (prel.) 99/00
x=0.0021 = ZEUS 96/97
4 A BCDMS
x=0.0032
o E665
x=0.005  ©
i x=0.008
3
" x=0.013
2
1
o L] 0 | \\\\\H‘ | \\\\\H‘ | \\\\\H‘ | \\\\\H‘ | \\\\\H‘
2 3 4 5
3% systematic errors o o o o "

1
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A precision measurement of the F2A nuclear structure function

o
i 2
B _ -4
T o Fy 206100
ALV gL o
- T ><§> x =1.3x10°
3 5 -0 <I><} «-o0xi0® O F, World Data (A = Fe)
) :_?O—"Q R <I> x =3.2x10°
[ ié_,!g‘ *Qé _(I}__.x=5.2x10'3
3 ._.ler"*@— %@é— gI)_ x = 8.2x10°
:!0_j¢5”'x) *(b(pq)(} x = 1.3x10°
P SRRl TR S o
2.5 _-'f__:g—-ﬁ"b ® B B9 x=2.0x107
SR SO T R & Xx=3.2x107?
-5 T R, Q
Dy ¢ BokE _ 520107
-5 ‘____i----b--w"ﬁ'"E"ﬁ---é---é- X =0.2X
1 5:- g Ao oM H oy X= 82107
T B0 8O- -~ -y ---x X =1.3x10""
1k O --mo -y - X = 2.0x10
N EO--mO---o X =3.2x10"
0-5-_ --E0--EO-- WD X=5.2X10_1
O: | IIIIIII| | IIIIIII| | IIIIIII| | 1 11

1 10

3% systematic errors
added in quadrature

102

10° Q2 (GeV?)

1
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2
(2, Q) = FiM 2, Q) — ——Ff(x, Q)
0-7“ aj? - 2 CE? Y_|_ L aj?
=< 6.32 105
X=0. "
< : x=0.000102
= x=0.000161 HERA F2
83 x=0.000253
o x=0.0004 —— ZEUS NLO QCD fit
O N x=0.0005
w5 x=0.000632 —— H1 PDF 2000 fit
x=0.0008
’ e H194-00
x=0.0013
4 H1 (prel.) 99/00
x=0.0021 = ZEUS 96/97
4 A BCDMS
x=0.0032
o E665
x=0.005 ¢ NMC
i x=0.008
3

0 L \\\\\H‘ L \\\\\H‘ L \\\\\H‘ L \\\\\H‘ L \\\\\H‘
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A precision measurement of the F2A nuclear structure function

2
2 A 2 Y 2
5: Jr(xaQ):FZ (CL’,Q) Y_|_FL(CEQ)
2 F.(x,Q°) - log. (x) Au |
4'5: ot ° 10 e F, as a function of x and Q
¥ X=2.0x107 o F,:20x100
4 o8 gTsEaC = F,:5x100 e Same scaling employed as the
35 o ‘f’@%X 1X3X12°0X103 O F, World Data (A = Fe) HERA plot
Sl g o R Q@ Q. x=3.2x10" : : :
ao B g ¥ g x=s2a0° e Scaling violation observed at low
S .!@__.-I-@——"qf 8. x=8.2x10° (x,Q )
:Jo_jg"'x) By éc} x = 1.3x10?
25 :-_:ﬁ::g;:w-b--ié é___é____é__ 200107 = Need to go to hlgher energies to
[0 o s x=32x0° observe the scaling
2 -‘-:::-'III'‘"'I'@’'"I'é}"'I'[:J"'I'c:r-lll[:J 5.2x10°2
- X =9.2X oy .
: ol e e Difficult to see at low energies
1 5 B T eeeey e X=8.2x107
"~ g X = 13410 e Smaller effect than in protons
1 3 g X = 2.0K10° due to suppression of gluons
0 5: 50 50---0 X =3.2x10 e Entering a new region of phase-
"~ - #0-- w040 X =5.2x10" space not previously explored in
O- | | IIIIII| | | IIIIII| | | IIIIII| | 1 11 nUCIGi

1 10 107 10° Q% (GeV?) e Dominated by systematic

3% systematic errors uncertainties
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2

Feasibility study of F(A: 0., Q%) = F'(@.Q*) — 5= F/'(2,Q%)

Strategies:
slope of y2/Y., for different
s at fixed x & Q2

e+Au:

20x50 - AfLdt =
20x75 - AfLdt = 4 fb-
20x100 - AfLdt = 4 b
running combined

~6 months total running
(50% eff)

Need a good lever arm in
y2/y+ in order to have a
good fit. Not all bins are
used because of this

2 fb-

Require Ay2/y+ > 0.1 to
have a meaningful fit.

Ured

Ored

Ored

b X = 366x104

P
:' .M
D p
@y

'].'.Lx 534x 104

-
i 3
L
¢ ‘?i+
DAL P

i_Z.f x=9.92x 10

y2/y+

y2/y+

y2/y+

Ored

Ored

Q2 =

3
R 4
Ly
DA P
L
uLspE
LS
e

i::f X = 408x104

)]
0 0 .‘ 0 (

g
uspe
D.48
0 lf»ﬂ
DAL p
R M
0

1.389 GeV?

y2/y+

X = 631x104

y2/y+

x_1389x104

l

y2/y+
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Ored

Ored

Ored

ek X = 463x104

"
DAy
o2

¥
05
.

b X = 771 X1O4

ar
Dy
Dap
.“'.
Y 4
Rl

y2/y+

|'X N |'l

y2/y+

' X = 23 15x 104

y2/y+
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2

Feasibility study of FLA: 0.(,Q%) = Fi'(z, Q%) — {7 Fi'(2,Q?)

Strategies:
slope of y2/Y. for different s oa,

at fixed x & Q2 Toasp Q2=1.39 GeVZEI Q2=2.47 GeV?

02
0.15

e+Au: +-l"]--[-l

0.05 =

20x50 - AfLdt = 2 fb-

-0.05 -

20x75 - AfLdt = 4 fb o1f w 20x(50,75,100) GeV

-0.15

*Hl

20x100 - AfLdt = 4 fb- 0ok

Q%;
02
aw;
OJ;

.[. Q2%=4.39 Gev2§ Q2%=7.81 GeV?

0.05
oE
-0.05 E

| ik bkl bbbkl kbl kbl kel bkl ek |
o
s g
| bbbk ekl bkl bbbkl bbbl kbl bbbl bl |
o

01E
015

03
0.25

o Q%=13.89 GeV? . Q%=24.7 GeV? .[.

0.15 -

0.1E +
0.05 f

of
-0.05 f-
01 f
045§
0.2k

103 X 102 103 X 102

PANIC 2014: macl@bnl.gov 18



mailto:macl@bnl.gov

2

Feasibility study of FLA: 0.(,Q%) = Fi'(z, Q%) — {7 Fi'(2,Q?)

Strategies:

slope of y2/Y, for different s

at fixed x & Q2

e+Au:

20x50 - A[Ldt = 2 fb-1
20x75 - A[Ldt = 4 fb-1
20x100 - AfLdt = 4 b

5x50 - AfLdt = 2 fb-
5x75 - AfLdt = 4 fb-1
5x100 - AfLdt = 4 b

Uncertainties now become
iIncreasingly important

Will be dominated by
systematics, but would
need a full detector
simulation in order to
estimate them

03¢
0.25 k-

ook Q?=1.39 GeV?

0.15 E

++H] ‘HH“

oE
0.05 |

©01f m 20x(50,75,100) GeV

015 a 5x(50,75,100) GeV

Q?=2.47 GeV?

*Hl i

103
0.25
0.2
0.15
0.1

+ Q?=4.39 GeV?
i
oo

-0.1
-0.15

Q2%=7.81 GeV?

+ {}

03
0.25

oE Q°=13.89 GeV?

0.15 -
01

0.05 - + {{

of

-0.05 -
01 f

-0.15 -
0.2k

Q2%=24.7 GeV? .[.

|

103 X 102
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Comparison to theory: o

Strategies:

slope of y2/Y, for different

s at fixed x & Q2

e+Au: 1st stage

5x50 - AfLdt = 2 fb-
5x75 - AfLdt = 4 fb-1
5x100 - AfLdt = 4 fb-

running combined

~6 months total running

(50% eff)

statistical errors are
swamped by the 1%
systematic errors

Will be dominated by

systematics, but would

need a full detector
simulation in order to
estimate them

1.2

0.8

/(A FY)

0.6

Fa

0.4

Ry

0.2

R =F/(AFP)

0.4

0.2

(z, Q%)

= F3' (v, Q%) —

2

Y—I—

- Q2=27GeV?, x =103

stat. errors enlarged (x 50)
sys. uncertainty bar to scale

. Beam Energies A[Ldt
- 50n50GeV 2 fb-1
50n 75 GeV 4 fp1 Bl rcBK
- 50n100 GeV 4 fb EPS09
Si Cu Au
| | | | | | | | | | | | | | | | | | | | | | | | | |
1 2 = 5 6 7

stat. errors enlarged (x 5)
Sys. uncertainty bar to scale

. Beam Energies AJLdt
5 on 50 GeV 2 fb-1
| 50n75GeV  4fbl I rcBK
- 50n100 GeV 4 fb! EPS09
| | | | | | | | | | | | | | | | IIIIIIIII |
1 2 3 4 5 6 7

A
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Exclusive processes in e+A - diffraction

e 3 is the momentum fraction of
the struck parton w.r.t. the

€ g Q) Pomeron
7 ) e Xip = X/B: momentum fraction of
\ the exchanged object
2 ] (Pomeron) w.r.t. the hadron
// - X (M
I' ( X) /B :I; QQ
,'I X|p Largest rapidity L Ip QQ —|— M % — 1
: gap in event
p, P T or Qé( Y (My)
~__" P',p'
t /\ 2 breakup of A
t=(p—p)
e Diffraction in e+p: e Diffraction in e+A:
= HERA: 15% of all events are = Predictions: Ouif/Otot IN €+A ~25-40%
diffractive = Coherent diffraction (nuclei intact)

= |ncoherent diffraction: breakup into
nucleons (nucleons intact)

PANIC 2014: macl@bnl.gov 20
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Exclusive vector meson production

- e +p(Au) = e’ +p’(Au’) +V

2.2 }

- Coherent events only

(1 -2z 2.0 -1

‘ \ ) ) o - stage-ll, [Ldt =10 fb™'/A
" ; I [ V=Jvop 1.8F x < 0.01

1.6
I | -
1.2

JA no saturation

’ om“owﬁm ¢ ¢W+MH+++
- Jhp saturation (bSat)

p ‘__‘:>= , 0.8 ;mmmmmmﬂm*%
p -
0.6

(1/A*3) o(eAu)/o(ep)

0.4 :— | Experimental Cuts:
2 C |7](Vdecay products)I <4
0.2 P(Vdecay products) > 1 GeV/c
dU m g(x) O:I|||||||||||||||||||||||||||||||||||||||||||
Sartre: Toll, Ullrich, 1 2 3 4 25 62 78 9 10
Phys.Rev. C87, 024913 (2013) Q° (GeV7)

e Exclusive vector meson production is most sensitive to the gluon distribution
= colour-neutral exchange of gluons

e J/Y shows some difference between saturation and no-saturation

PANIC 2014: macl@bnl.gov 21
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Exclusive vector meson production

- e +p(Au)— e’ +p’(Au’) +V

2.2 j—
5 0; Coherent events only
L “Fe, stage-l, fLdt =10 fb'/A
Jj. @, p 18F “‘%O % < 0.01
e n '."i%fa .
% 1.6 :— 0..1;/3,7'
L P
25 1.4 - 0;0000,,‘” oo
2 1.2 :— y
o - P No saturation
G 1[O00000eeseseitinittettiiitititiid
< L
< - Jhp saturation (bSat)
E 0.8 ?mmn;pllimnu(imﬂmmw
0.6 :_ ) saturatlon (b.S.a.tz saaEEEEEEEREREE
_.llllill
04— Experimental Cuts:
2 C IM(Vdecay products)! < 4
d O- (X aj 0.2 P(Vdecay products) > 1 GeV/c
g O:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
Sartre: Toll, Ullrich, ' 2 38 4 25 62 7 8 9 10
Phys.Rev. C87, 024913 (2013) Q" (GeV")

e Exclusive vector meson production is most sensitive to the gluon distribution
= colour-neutral exchange of gluons
e J/Y shows some difference between saturation and no-saturation
e ¢ shows a much larger difference
= wave function for ¢ is larger and hence more sensitive to saturation effects
PANIC 2014: macl@bnl.gov 21
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Exclusive Vector Meson Production in e+A

o coherent - no saturation

o incoherent - no saturation

m coherent - saturation (bSat)
e incoherent - saturation (bSat)

4 E JLdt =10 b o coherent - no saturation 5 JLdt =10 fb""
107 g 1<Q2<10 GeV? o incoherent - no saturation 10 1<Q2<10 GeV?
o x < 0.01 m coherent - saturation (bSat) = O x < 0.01
< - .|:| |r}(edeca))l)| <14G » e incoherent - saturation (bSat) . A [m O In(ﬁ(deca)),)l <14G u
. p(eq >1GeV/c « i p(Kq >1GeVic
> 10° " Sth=5% = 107Emo G eso
g . O] E LI
_g : [m} B 103 ...oooooo= ..........
%’ 102 33,; ' ' R 003030000000005000060050000 0 % = "o ”u ...........
/\é-\\ ? g i D eeeeesseecsacsetceetccecnnannaos 000000 N § 102 :‘...:.HE‘“.:!...E‘L,
- - u] i + S m
Z 10 « o 3 =
< = % < B .
+ = .y = O =
© B *EF‘ ' 10 3 b
t - ! - "
> 1= = -
<-t|- = ﬁ? :, 1
(©) — - E
© - ) ) -
© -1 © -
107 107"
- Jhyp @L S
10‘2_|||||||||||||||||II|III|III|III|||| -10'2_||||||||||||||||
0O 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0O 0.02 0.04 0.06 0.0
It] (GeV?) [t

e | ow-t: coherent diffraction dominates - gluon density
¢ High-t: incoherent diffraction dominates - gluon correlations
= Need good breakup detection efficiency to discriminate between the two scenarios
e unlike protons, forward spectrometer won’t work for heavy ions

® measure emitted neutrons in a ZDC

e rapidity gap with absence of break-up fragments sufficient to identify coherent

events
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l-l.DDD -. D%[P

.

"'+.|.++++$
III|III|III|III|III
8 0.1 0.12 0.14 0.16 0.18
(GeV?2)

Sartre: Toll, Ullrich,
Phys.Rev. C87, 024913 (2013)
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Finding the source...

e Take the do/dt distribution and perform

a Fourier Transform to extract the b-

distribution of the gluons

1 do
~ — A A Ab) | —
F(b) Gy /d Jo(Ab) \/ 7

0

t= A?/(1-x) =A% (for small x)

10

¢ non-sat

IIIIIIII
005 O

A

IIIIIIIIIIIII
0.15 0. 0.25

; o

o

o
III|III|III|III|III|I

o

-
------

------
......
. ~

Woods-Saxon

~
......

-10
Sartre: Toll, Ullrich,
Phys.Rev. C87, 024913 (2013)

|
0.3 0.35

Itl (GeV?)
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Finding the source...™ ¢ non-sat

e Take the do/dt distribution and perform 1

a Fourier Transform to extract the b- 10° .
distribution of the gluons 10e ¢ \
1 /\
1 r do 10"
F(b) ~ 5 / A A Jo(Ab) /57 -
t= A%/(1-x)=A? (for small x) T T TR | N T
0 0.05 0.1 0.15 0. 025 0.3 0.35
Itl (GeV?)
8 T S e T Woods-Saxon
o 0.08
©
£ 0.06

o

o

N
Illllllllllllllllllllll

-10 -
Sartre: Toll, Ullrich, b (fm)
Phys.Rev. C87, 024913 (2013) 23
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Finding the source...™ ¢ non-sat

e Take the do/dt distribution and perform 1
a Fourier Transform to extract the b- i
distribution of the gluons 10 c’\ /\

1 do 10"
~ — A A Jo(Ab) (] =
F(b) Gy /d Jo(Ab) 7 |

O
t= A?/(1-x) =A% (for small x)

1 I L1 11 I
0.3 0.35
It (GeV?)

IIIIIIIIIIIIIIIIIIIIIIIII
O 005 01 0.15 O. 0.25

--------- Woods-Saxon

o
4III|III|III|III|III|I
1
—h
OJ‘

Sartre: Toll, Ullrich,
Phys.Rev. C87, 024913 (2013) 723
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Finding the source...™ ¢ non-sat

e Take the do/dt distribution and perform 1
a Fourier Transform to extract the b- il I
distribution of the gluons 10 c‘\ /\

1 do 10"
~ — [ dAA Jo(Ab) /2
F(b) o /d Jo(Ab) - |

O
t= A?/(1-x) =A% (for small x)

ca vty by g by 1y N I
O 005 01 0.15 O. 025 03 0.35

It (GeV?)

--------- Woods-Saxon

o

o

o
III|III|III|III|III|I

-10 -
Sartre: Toll, Ullrich, b (fm)
Phys.Rev. C87, 024913 (2013) 23
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Finding the source...™ ¢ non-sat

e Take the do/dt distribution and perform 1
a Fourier Transform to extract the b- il I
distribution of the gluons 10 c‘\ f\

1 do 10"
~ — [ dAA Jo(Ab) /2
F(b) o /d Jo(Ab) - |

O
t= A?/(1-x) =A% (for small x)

I A A N B A B I AR RN A A AN AN AN A N I
O 005 01 0.15 O. 025 03 0.35

It (GeV?)

--------- Woods-Saxon

)/[F(b) db
III|III|III|III|III|I

-10 -
Sartre: Toll, Ullrich, b (fm)
Phys.Rev. C87, 024913 (2013) 23
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Finding the source...™ ¢ non-sat

e Take the do/dt distribution and perform 1

a Fourier Transform to extract the b- 10° ‘..
distribution of the gluons 10 c‘\
1
1 do 10"
F(b) ~ o /dAAJ()(Ab) o7

0

t= A?/(1-x) =A% (for small x)

000500 01502 0% 63 035
Itl (GeV?)

--------- Woods-Saxon

o

o

o
III|III|III|III|III|I

-10 -
Sartre: Toll, Ullrich, b (fm)
Phys.Rev. C87, 024913 (2013) 23
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Finding the source...™ ¢ non-sat

e Take the do/dt distribution and perform 1

a Fourier Transform to extract the b- 10° ‘..
distribution of the gluons 10 c‘\
1
1 do 10"
F(b) ~ o /dAAJ()(Ab) o7

0

t= A?/(1-x) =A% (for small x)

000504 01502 0% 03 035
Itl (GeV?)

--------- Woods-Saxon

)/[F(b) db
III|III|III|III|III|I

-10 -
Sartre: Toll, Ullrich, b (fm)
Phys.Rev. C87, 024913 (2013) 23
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Finding the source...™ ¢ non-sat

e Take the do/dt distribution and perform 1

a Fourier Transform to extract the b- 10° ‘..
distribution of the gluons 10 c‘\
1
1 do 10"
F(b) ~ o /dAAJ()(Ab) o7

0

t= A?/(1-x) =A% (for small x)

000500 01502 0% 03 035
Itl (GeV?)

--------- Woods-Saxon

o

o

o
III|III|III|III|III|I

-10 -
Sartre: Toll, Ullrich, b (fm)
Phys.Rev. C87, 024913 (2013) 23
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e J/Y shows little difference for both saturated and non-saturated modes.

Finding the source...

¢ ¢ shows a significant difference

F(b)/[F(b) db

0.06

0.04

0.02

0.1

0.08

0.06

0.04

0.02

=

—— JAp bNonSat
————— Woods-Saxon

'y
o

O
S

—— ¢ bNonSat
————— Woods-Saxon

4
(=}

F(b)/[F(b) db

F(b)/[F(b) db

0.1

0.08

0.06

0.04

0.02

0.1

0.08

0.06

0.04

0.02

III|III|III|III|III|I

o

-

— Jhp bSat
----- Woods-Saxon

-10

III|III|III|III|IIIII

—— ¢ bSat

S\, ===-- Woods-Saxon

10
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Summary and Conclusions

e The e+A physics programme at an EIC will give us an unprecedented opportunity to study
gluons in nuclei

= | ow-X - structure functions: Measure the properties of gluons where saturation is the
dominant governing phenomena

= Low-x - diffraction: The diffractive cross-section itself gives information on the level of
saturation
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Summary and Conclusions

e The e+A physics programme at an EIC will give us an unprecedented opportunity to study
gluons in nuclei

= | ow-X - structure functions: Measure the properties of gluons where saturation is the
dominant governing phenomena

= Low-x - diffraction: The diffractive cross-section itself gives information on the level of
saturation

e Understanding gluons’ role in nuclei is crucial to understanding RHIC and LHC results

= Much information obtained from measurinag the F, and F, structure functions
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Summary and Conclusions

e The e+A physics programme at an EIC will give us an unprecedented opportunity to study
gluons in nuclei

= | ow-X - structure functions: Measure the properties of gluons where saturation is the
dominant governing phenomena

= Low-x - diffraction: The diffractive cross-section itself gives information on the level of
saturation

e Understanding gluons’ role in nuclei is crucial to understanding RHIC and LHC results
= Much information obtained from measuring the F, and F| structure functions
e Other important observables not discussed due to time limitations:

= di-Hadron Correlations: Analogue measurement to p/d+A, but less uncertainties on the
measurement

= Higher-x: Understand how fast partons interact as they traverse nuclear matter and provide
new insight into hadronization

PANIC 2014: macl@bnl.gov 25
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Summary and Conclusions

e The e+A physics programme at an EIC will give us an unprecedented opportunity to study
gluons in nuclei

= | ow-X - structure functions: Measure the properties of gluons where saturation is the
dominant governing phenomena

= Low-x - diffraction: The diffractive cross-section itself gives information on the level of
saturation

e Understanding gluons’ role in nuclei is crucial to understanding RHIC and LHC results
= Much information obtained from measuring the F, and F| structure functions
e Other important observables not discussed due to time limitations:

= di-Hadron Correlations: Analogue measurement to p/d+A, but less uncertainties on the
measurement

= Higher-x: Understand how fast partons interact as they traverse nuclear matter and provide
new insight into hadronization

e The INT programme in the Autumn of 2010 allowed us to formulate the observables in terms of
golden and silver measurements

= A detailed write-up of the whole programme is on the ArXiv: 1108.1713

= An EIC White Paper (not just e+A), expounding on the INT programme has been released to
the community ArXiv: 1212.1701
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Summary and Conclusions

e The e+A physics programme at an EIC will give us an unprecedented opportunity to study
gluons in nuclei

= | ow-X - structure functions: Measure the properties of gluons where saturation is the
dominant governing phenomena

= Low-x - diffraction: The diffractive cross-section itself gives information on the level of
saturation

a |l InAarctandinn Anliinne’ ranla in niiflail ie Arnicial 1A 1InAarctandinAa RHIC anA | HC raciilte

entire science programme is uniquely tied to a
future high-energy electron-ion collider

never been measured before & never without

= Higher-x: Understand how fast partons interact as they traverse nuclear matter and provide
new insight into hadronization

e The INT programme in the Autumn of 2010 allowed us to formulate the observables in terms of
golden and silver measurements

= A detailed write-up of the whole programme is on the ArXiv: 1108.1713

= An EIC White Paper (not just e+A), expounding on the INT programme has been released to
the community ArXiv: 1212.1701
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