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Why e+A collisions and not p+A?

ee+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?

—a— A
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Why e+A collisions and not p+A?

= [ <30
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NP 1o N P\

ec+A and p A-nees . —
properties . <103
functions |

| \

e Both are | l
opportuni Scattering of protons on protons [
factorizalll s Jike colliding Swiss watches to find out how they are |

o Issues: built. (@)

= P+A cor

R. Feynman

= multiple]

= D+A lac|

PANIC 2014: macl@bnl.gov 3



mailto:macl@bnl.gov

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 4

electrons -

-



mailto:macl@bnl.gov

From RHIC to eRHIC
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From RHIC to eRHIC
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eRHIC design with E, = 21.2 GeV

FFAG Recirculating Electron Rings ERL Cryomodules
1.3-6.6 GeV @
7.9-21.2 GeV @

oherent
Electron Cooler

/-—

Energy Recovery Linac,
1.32 GeV

Polarized
Electron Source

Detector |

hadrons
_ \ Detector Il
electro

—

100 meters
—

From AGS
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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

or(2,Q?) = Ff(2,Q%) — L Fj z,Q?)
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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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What did we learn from e+p collisions at HERA?
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The structure of matter at small-x

" —— HERA-I PDF (prel.) Q%2 =10 GeV?
- experimental uncertainty |
16 | | model uncertainty 4
- HERA Structure Functions Working Group . o. <1
| Nucl. Phys. B 181-182 (2008) 5761 | s
DGLAP
AN
e}
=
non- perturbatlve region Og ~ 1
10 103 102 101 xdv g
X In X

e Gluons dominate the PDFs at small- to intermediate-x (x <0.1)

= Rapid rise in gluons described naturally by linear pQCD evolution equations

splitting
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The structure of matter at small-x

" —— HERA-I PDF (prel.) Q%2 =10 GeV?
] - experimental uncertainty 2
16 | | model uncertainty 4 /QS(X)
[ Nuck Phys. B 181182 (2008) 6701 j og <1
| DGLAP :
O
= JIMWLK
@ < BFKL @
saturation
non-perturbative region Og ~ 1
10 1073 102 101 xdy 4
X In X

¢ 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 grzowth
and lead to a saturation of gluons, characterised by the saturation scale Q g(x)

splitting recombination
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The structure of matter at small-x

" —— HERA-I PDF (prel.) Q%2 =10 GeV?
- experimental uncertainty
16 | | model uncertainty 4 / S(X)
N e San ez s o | o <
| DGLAP :
O
= JIMWLK
@ < @ -~ @
saturation
non-perturbative region Og ~ 1
10 1073 102 101 xdy 4
X In X

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
* non-linear pQCD evolution equations provide a natural way to tame this growth
however - saturation in the gluon density is not observed in the
gluon distribution at HERA -> too small an x

How can this be observed at eRHIC?
v v  J 8
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10

Q2 (GeV?)

Pocket formula:

Nuclear “oomph” effect
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What do we know about the structure of nuclei?

14
> 12
2 1.0 ; / ’
\2 0.8 \_l i
1 —— This work, EPSO9LO = nex= T oS
~ 06 — —=ae + .- Y,
@ - | EKS98 = _I=: — /
5 04 = e HKNO7 (LO) T + /
AL oo L T EPS08 T T s
Sl —= nDS (LO) il | | | 1 _____,lx | |
0.0 -
0% 10° 10° 10" 10" 10° 10° 10" 10 10° 10° 10" 1
€T £z €T

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?

14 2
(@\| U5
> 12 5 g
O 10 E
@)\
f 0.8
T —— This work, EPS09LO =
o~ | == EKS98 | .
= 04 [ e HKNO7 (LO) - %
O EPS08 N =
X "L ——nDS(LO) _ 2
0.0 | |
10° 100 10° 107 107
h xr i

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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Phase-space coverage of e+A collisions for an EIC

e Existing data:

= |_ow energy (fixed ]

targ et) 103 Measurements with A = 56 (Fe): -
- e eA/pA DIS (E-139, E-665, EMC, NMC) .
= | ow statistics . = VvADIS (CCFR, CDHSW, CHORUS, NuTeV)
[ o DY (E772, E866)
= Mainly light A 107 .. -
S B R ERLTTE
* EIC coverage: > oA A P e
‘ , O ctRIl § ey e
= Both “low energy” and = 10 R R R AL
“high energy” options &/ = o : 5 ::"' Y -
eétend the reach in x- ! i T
perturbative T - |
Q beyond current data 1 §_"r'1'6'ri'i'b'é'f't'ij}'5'éi{i\'/'é .................................. ,'E E EEE E : : |
= A coverage extended ' e
UptOU 0.1 Lol Ll | ' L
104 10 102 107" 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 ]

target) 102 Measurements with A = 56 (Fe):
- e eA/uADIS (E-139, E-665, EMC, NMC)
= | ow statistics . = VvADIS (CCFR, CDHSW, CHORUS, NuTeV)
[ o DY (E772, E866)
= Mainly light A 102 | N0
— ; oogzooo: oo; : .:. ; :...
* EIC coverage: 3 Sk K
‘ , O c LRIl E e e
= Both “low energy” and = 10 R R R AL
“high energy” options C . : o ::"' /
eétend the reach in x- ! i _ omgs,e s esios L L.
perturbative o ome ...
Q beyond current data Vb onmartbative ekt :
= A coverage extended = s
up to U o . .
] 4 -3 2
= Saturation scale at " " .

moderate Q2 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 ]

target) 102 Measurements with A = 56 (Fe):
- e eA/uADIS (E-139, E-665, EMC, NMC)
= | ow statistics . = vADIS (CCFR, CDHSW, CHORUS, NuTeV)
[ o DY (E772, E866)
= Mainly light A 102 e
- 0000 O O ‘o ® e ° /:
—~ N 0000 0 © o"..."...:
e EIC coverage: ‘% oS R el
) , O " R
= Both “low energy” and = 10 R E R B
“high energy” options C N : o ::"’ /
eétend the reach in x- ! i T L
perturbative o ome .=
Q beyond current data S ek :
= A coverage extended -
up to U o . .
] 4 -3 2
= Saturation scale at " " o

moderate 02 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
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

Q? (GeV?)

PANIC 2014: macl@bnl.gov

103

102

10

0.1

IIII I I IIIIIII I I IIIIIII
— Measurements with A = 56 (Fe): e

e eA/uADIS (E-139, E-665, EMC, NMC)
= vA DIS (CCFR, CDHSW, CHORUS, NuTeV)

o DY (E772, E866)

| e o 8% |
: ° o-o.==.. :
oooooo"-.-"..':
ooooo.o.o‘ 3 .o {:/-_
°°°°°go<’o e o o0 7]
00000 O ©® HO» oHN® H B E REEEE
o000 00 ¢ o0 o
N o o Vo ofe ¥ .'.'.'.'.'._
: I D v in
S o o olooms | °cooe
B, LRV LR
’med/anb g :.:l: : :i“-: P o o o6
: : 0-‘, [ | [
LSRRy e e Mg g —
- mEm m m ®
N A 3 EmE =N ]
[ p , = mom
=
B p:medlanb u
1 |||||I 1 1 1 l|l||| 1 1 1 IIIIII 1 llI
10 1073 1072 107 1



mailto:macl@bnl.gov

Saturation effects in the proton and nucleus

d2 eA—eX 4
dzd(Q? ;TC;L [(1 y+y2)F2(37 @ )_y?FL(aj Q‘)J\‘
/ proton gluon

quark+anti-quark

Measure of non- | S
linear effects in ::__._..__.___.__.__________::
the F. structure <<~ |

function e :2;;3

Dipole model (J. Bartels et al.) log,(x) 2 \

e Plotting this distribution coming out of saturation inspired
GBW model

= p: small effect only starting to come in at small-x and small Q2
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Saturation effects in the proton and nucleus

dQO.eA—>eX 471'0{2 y2 y2
- 1—y+ 2 ) Fya,Q%) - L F 2
ddeQ 33@4 [( y+ 9 ) Q(va ) 9 L(xaQJJ\‘
gluon

quark+anti-quark/ proton Au (A=197)

Measure Of NON- :: ........................... :: =
linear effectsin [ | | [. e
t h e F L S ‘t ru C ‘t u re : :: ................................... o :: L . R

function Ao P>
Dipole model (J. Bartels et al.) 09,00 2 o 0,5 2 @

e Plotting this distribution coming out of saturation inspired
GBW model

= p: small effect only starting to come in at small-x and small Q2

= Au: much larger effects are visible

e nuclear “oomph” effects well manifested in the F. structure function
PANIC 2014: macl@bnl.gov 12
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Saturation effects in the proton and nucleus

dQO.eA—>eX

Ao yz 2 ?JQ 2
ddeQ o 33@4 [(1_y+?) FZ(va )_?FL(xaQ‘)J\‘
/ proton gluon

quark+anti-quark

Measure of non-
linear effects In
the FL structure

function 0

Dipole model (J. Bartels et al.)

F E:admg twist) /FL

I ST S

(FL-

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
A precision measurement of the F, nuclear structure function

2

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

P
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A

A precision measurement of the F, nuclear structure function

o
i 2
B _ -4
T o Fy 206100
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3% systematic errors
added in quadrature
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1
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2
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A
A precision measurement of the F, nuclear structure function

2

2 A 2 Y 2
5: Or(ajaQ):FZ (va) Y_|_FL(CUQ)
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0.5} e X2 5210° space not previously explored in
O- | | IIIIII| | | IIIIII| | | IIIIII| | 1 11 nUCIeI
1 10 10° 10° @2 (Gev?) ® Dominated by systematic
uncertainties

3% systematic errors
added in quadrature PANIC 2014: macl@bnl.gov 14



mailto:macl@bnl.gov

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 - A[Ldt = 4 fb-1
20x100 - A[Ldt = 4 fb-
running combined

~6 months total running
(50% eff)

statistical errors are
swamped by the 3%
systematic errors

2 fb-

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

b X = 366x104
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'].'.Lx 534x 104
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l‘?i+
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e X = =9.92x 10
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[
o r
DL p
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w bk
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LY
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i::‘ X = 408x104

= 4
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Do4s
0 lf»“
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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 at fixed x & Q2

e+Au:

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

~6 months total running
(50% eff)

statistical errors are
swamped by the 3%
systematic errors

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

FL

Fixed F2 (0.5) and F. (0.2)

1
0.8
0.6
0.4
0.2

0

-0.2

-04

-0.6

-0.8

e e e e e e e e e e e e .

Q° = 1.389 GeV?

—— 5 GeV Leptons
—— 10 GeV Leptons
—— 20 GeV Leptons

lll 1 | lllllll

-1

10°°

10 10
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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 Fixed F2 (0-5) and FL (0.2)
s at fixed x & Q2 i
e+Au: FL 08 ]
20x50 - AfLdt = 2 fb- 0.6
20x75 - AfLdt = 4 fb- 0.4F
2Ox1.OO-Ach_It=4fb-1 0.25_ .””++{.+ I |
running combined :
~6 months total running Of el S
(50% eff) -0.2F
statistical errors are -0.4F Q” =1.389 GeV’
swamped by the 3% -06F —— ? gsgv \}.ﬁptcins

. . —— e epions
systematic errors 08k . 20 GeV Leptons
Will be dominated by H— 1(;3 — 1(;2 — “1'(;-1
systematics, but would .

need a full detector
simulation in order to

estimate them
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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 Fixed F2 (0-5) and FL (0.2)
s at fixed x & Q2 i
e+Au: FL o8 '
20x50 - AfLdt = 2 fb- 0.6
20x75 - AfLdt = 4 fb- 0.4F
20x100 - AfLdt = 4 tb : +. |
2F ITX. ) ' N

running combined 02 : ’ *++++ il
~6 months total running Ol TE
(50°/o eff) -0.2 _
statistical errors are -0.4F Q” = 1.389 GeV?
swamped by the 3% -06F . ? Ova VLEptcins

. . —— eV Leptons
systematic errors 08F 20 GeV Leptons
Will be dominated by S — 1(;3 — 1(;2 — ““1'(1)-1
systematics, but would .

need a full detector
simulation in order to

estimate them
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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 Fixed Fo2 (0-5) and FL_ (0.2)
s at fixed x & Q2 1t
e+Au: FL 08 3
20x50 - AfLdt = 2 fb- 0.6F
20X75 - Adet =4 fb-1 0.4F

- — -1 -
20x1.00 Ach_lt_4fb 0.2k crifeestpoerti] I [ |
running combined :
~6 months total running . e
(50°/o eff) -0.2 _
statistical errors are -0.4F @’ = 1.389 GeV’
swamped by the 3% -06F —— ? c53(‘.;\>'V\/Lfiptc;ns

: [ —— eV Leptons

systematic errors 08k 20 GeV Leptons
Will be dominated by o 1(;3 — 1(')2 — ““1‘(')_1
systematics, but would .

need a full detector
simulation in order to

estimate them
PANIC 2014: macl@bnl.gov 16
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A
A precision measurement of the F| nuclear structure function

2

y
5 op(2,Q%) = F3' (2, Q%) — o Fi (2, Q%)
.ol F(x,Q) - log. (¥ A )
ol o 20x(50,75,100) e F."" as a function of x and Q
4k » F.:5x(50,75,100)

e Same scaling employed as

3.5}'% D the HERA plot

F oo x = 6.3x10
i E[% a 4
3 I x = 1.4x10

S e * Much smaller coverage in
2.52—-3--%-1 --------- B x=38a0° Scaling violation observed at
IGREETEERPED R EELEEERERES X = 5.8x10° 2 Au
DE-eeeeeeee Boocenann x = 9.1x10° low (X,Q ) than F2 as
oo B x=16010° expected
1.5 x = 3.0x10°
: = Requires same (x,Q%)
1' coverage at 3 different
05F energies
O: | | | IIIIII | | | IIIIII | | | IIIIII | 11 . Phase Space increased by
1 10 10° 10° Q*(GeV) having as many energies as
possible

3% systematic errors
added in quadrature PANIC 2014: macl@bnl.gov |7
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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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Work in progress... (H. Paukkunen)

e Take the generated Pseudo-data and include it in a

global fit
= Only 20x100 and 5x100 included in these plots

e More data (e.g. charm) will constrain this further

Ratio of the reduced cross-sections

1.2
1.1
1.0
0.9
0.8
0.7
0.6
0.5
1.2
1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4

eAu/ep 20+100GeV
- T I I T I I I T I I T I I E
e oo g R oo Fooog R
o T S ﬂﬁ T ﬁﬁﬁﬁﬁ T i
g o @ - @ ¢
_: - 5’=2.5G v T 'a’=4.4GeV? ::: Q%=7.8GeV> : Q%=13.9GeV? ::: Q%=24.7GeV? :
- ——t— T ——t— T ——t— T ——t— 1 EKI pseuI o datIa E
1= NLO Fit
- ?{ﬁﬁﬁ """ + ﬁﬁﬁ """ + oy + ‘I'ﬁﬁ """ + W E
- " ﬁi + m ii T W T % + % -
o . " T BT "
= Q?=43.9GeV? M|  Q°<78.1GeV’ ﬁ__ Q%=139GeV? ﬁ_‘:_ Q%=247GeV> E_ Q%=439GeV? 4
- I I I £ I I I 4 I I I £ I I I + I I I R

10

10° 10% 10"

—h

X

10° 10? 10 1 10° 10% 10" 1 10°  107?
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Work in progress... (H. Paukkunen)

e Take the generated Pseudo-data and include it in a

global fit
= Only 20x100 and 5x100 included in these plots

e More data (e.g. charm) will constrain this further

Ratio of the reduced cross-sections
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Work in progress... (H. Paukkunen)

e Take the generated Pseudo-data and include it in a
global fit

= Only 20x100 and 5x100 included in these plots

e More data (e.g. charm) will constrain this further

Pb Pb
I:{valence I:{sea

— 14 | H 1.4 F
N> | | A H |

q, | 1.2 __ ': 1.2 __

O 1.0 10—

lo)) | u .

© 0.8 0.8 -

- ] [
NCI; : 1 0.6 f 0.6 |

<> 04 Baseline fit 7 047 0.4 1 i
g"’ 0.2 - === Pseudodata fit — 0.2 02 3
C ool | | | I 0.0 | | |
10* 10° 102 107 10* 10° 102 107 10* 10° 10% 107" 1
X X X
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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



mailto:macl@bnl.gov

Exclusive vector meson production

L e +p(Au) — e’ +p’(AU) +V

, 2.2 :—
, - 20 - Coherent events only
) 1=z i , r stage-1l, [Ldt =10 fb"1/A
' r E R Vi=J/.é.p 1.8 x < 0.01
' S 16F
I | . L C
< .
| QO 1.2
) Jhp no saturation
PG_G_ P ’ om“o“mom#¢¢¢ W++H++H+++
<t L
< - Jhp saturation (bSat)
p =<‘__j’j>= ) — 0.8 Imm.;pmmm#wwﬂ
p = N
0.6

0.4 :_ | Experimental Cuts:
N IM(Vdecay products)l < 4
0.2 L P(Vdecay products) > 1 GeV/c

0
Sartre: Toll, Ullrich, 1 2 3 4 25 6‘2 7 8 9 10
Phys.Rev. C87, 024913 (2013) Q° (GeV?)

do < g(z)°

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

225_ e +p(Au) = e’ +p’(Au’) +V

- Coherent events only
20 -1
I/ e stage-Il, [Ldt =10 fb"'/A
JIv. 9. P 1.8 % ¢/)o X < 0.01

1.6F *e oy,

1.4F

12F
- JAp no saturation

- Jhp saturation (bSat

0.6 :_ ¢ Satura’tlon (bS.a.tz aaaEEEEEREE AEEEE
guaanEEE bl -

0.4 Experimental Cuts:

- IM(Vdecay products)! < 4

dO- (X g (aj) 2 0'2;_ P(Vdecay products) > 1 GeV/c

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

0
Sartre: Toll, Ullrich, 1 2 3 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

4 E JLdt =10 b o coherent - no saturation 5 JLdt =10 fb"" o coherent - no saturation
107 g 1<Q2<10 GeV? o incoherent - no saturation 10 1<Q2<10 GeV? o incoherent - no saturation
E o x < 0.01 m coherent - saturation (bSat) = O x < 0.01 m coherent - saturation (bSat)
< - .|:| N(egecay)!l <4 e incoherent - saturation (bSat) . [m O N(Kgecay)! <4 e incoherent - saturation (bSat)
T = P(Edecay) > 1 GeV/c 1o 41 P(Kgecay) > 1 GeV/c
> 10° " Sth=5% = 107Emo G eso
L o] 3
5 o 5 10 ::(_) 1
h— = o)
-O EO. L] 4= — |
'O B L]
: L O = + 3 u =
E 10 lH o E - .ﬁfj:m:\:\:\:\:h o
< = * f B L ...'- a]
. - o 10E o .
? - *EF‘ i § = "t " |:'|:|
> — =z B - o . g,
- i Pl S
- @ E l-l .
gb B ! D = H* D[:h
© 1 © B N o
107 & 10T I+'|'+'i'+*$
-y @L S
10'2_III|III|III|III|III|III|III|III|III 0'2_III|II | | | | | II|III|III
0 0.02 0.04 0.06 0.08 0.1 012 0.14 0.16 0.18 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18
I1t] (GeV2) I1tl (GeV2)

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

e | ow-t: coherent diffraction dominates - gluon density
e 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
e measure emitted neutrons in a ZDC

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

24


mailto:macl@bnl.gov

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

= |_ow-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

= |_ow-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
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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

= | ow-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
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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

= |_ow-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

® 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

PANIC 2014: macl@bnl.gov 25



mailto:macl@bnl.gov

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

= |_ow-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

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

® 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

PANIC 2014: macl@bnl.gov 25



mailto:macl@bnl.gov

BACKUP


mailto:macl@bnl.gov

What is eRHIC?

Electron accelerator - RHIC

r Existing = $2B

QT Polarized protons
50-250 GeV

(to be built)

)
Unpolarized and
polarized leptons
159,212 GeV |

»*4
J

70% e beam polarization goal Polarized light ions He?
| T 166 GeV/u

polarized positrons!?

Light ions (d,Si,Cu)
Heavy ions (Au,U)
50-100 GeV/u

——

Center mass energy range: v/s=30-200 GeV; L~100-1000xHera
longitudinal and transverse polarization for p/He? possible

proTons
electrons <
- - - - -

2l Al Ak
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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: Measure the properties of gluons where saturation is the dominant governing
phenomena

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

e Understanding the role of gluons in nuclei is crucial to understanding RHIC and
LHC results
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Day 1: Diffractive Cross-sections
e or=scor - —

- T T ~ eAu stage-I
fLdt =10 fb"1/A /7

Q%2=10 Geh
X =6.6x1073
eAu stage-|
JLdt =10 fb-1/A

—_

<
N
|

102 —

I
11 1 1

----- eAu - Saturation Model
— ep - Saturation Model
e eAu - Non-Saturation Model (LTS)
L —— ep - Non-Saturation Model (LTS)

—_

°
w
|

1078 —

stat. errors & syst. uncertainties enlarged (x 10)

I I I B BN B
sat T T T

stat. errors & syst. uncertainties enlarged (x 10)

N

—
o= oo

N

—
o Ul = o1 N O;

—

L
N ) T
t T

'sat '

L1 1 1 1 1 I
1T —rr 1T 1T 171

ratio (eAu/ep) (1/0tot) dogif/dMZ (GeV2)

ratio (eAu/ep) (1/0tot) dogift/dMy? (GeV-2)

o
o

| nd—sét (LTS) no-sat (LTS)
| 1 1 1 1 1 I I ] | 1 1 1 1 1 I I
1 10 1 10
M2 (GeV?)

e Ratio of diffractive-to-total cross-section drastically different
between saturation (Marquet) and non-saturation (Frankfurt,
Guzey, Strikman) models

e Expected experimental error bars (simulated for 10 fb™' of data for
a low-energy eRHIC) can distinguish between the two scenarios
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1Npgqer AN/(A0)

0.2

di-hadron correlations in d+A

comparisons between d+Au — h, h, X (or p

HAu— iy X)andprp — i b X o At y=0, suppression of away-

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

e d+Au FTPC-Au 0-20%

- —— p+p min. bias

* Au+Au Central

S side jet Iis observed in A+A
| collisions

e No suppression in p+p or d+A

=y ~ 107 _ kl e + kz e’

i <<
' o
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Uncorrected Coincidence
Prob@illty (ragjan™)

di-hadron correlations in d+A

comparisons between d+Au — h, h, X (or p
+Au—>h h, X)andp+p—>h h X

e At y=0, suppression of away-

= oo ;- eeTTRe Aoz side jet is observed in A+A
2 - k- p+p min. bias is\‘ﬂ&ﬂ ’ e
% * Au+Au Central i CO”ISIOnS
z | | e No suppression in p+p or d+A
R o ™y ~ 107° ke +k, e
T T e radians) = VG <l
0 g
i W\ o e However, at forward
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O Q
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~l N
n o))

o 2
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rapidities (y ~ 3.1), an
away-side suppression is
observed in d+Au

e Away-side peak also much

wider in d+Au compared to
P+P
- X~ 107

l.gov 31
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di-hadron correlations in d+A

Conlrfuriimhi?w d+AU = 77" +X, v = 200 GeV, 2000 < T Qe < 4000
.§ 0'03:‘ P2 GeV/c, 1 GeV/c<prs<pn
- — { l. .'I"'., samea ({5 .
o ‘g - 025- ++ CGCH+offset
P .
o RN i al
£ > 0.02f %f
L5 ' -»+ + ‘H‘-H‘
E.g }.-"Illl j‘ -..' '_#'
BIAE s
3 Peaks
0.01F Ao o
! A 0 (.48+0.02
0-005 TAR m 1.75+0.21
Prellmlnary | | |
275 3 4 5
Ay
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di-hadron correlations in e+A

® - -
Never been measured - we expect to At small-x, multi-gluon

see the same effect in e+A as in d+A _distributions are as
important as single-gluon

distributions and they

0.18 F o ?—1Gov? contribute to di-hadron
0.16 - ®lN correlations
0.14 | C

= The non-linear evolution of

0.12 multi-gluon distributions is

g O : different from that of single-
O 008} gluon distributions and it is
0.06 | equally important that we

0.04 understand it

002 _.

e The d+Au RHIC data is
therefore subject to many
uncertainties

Dominguez, Xiao and Yuan (2012) = these correlations in e+A can

help to constrain them better
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di-hadron correlations in e+A

Never been measured - we expect to
see the same effect in e+A as in d+A

0.2

Ceau(Ag)

0.05 |-

0.15 |-

| EIC stage-ll
| [Ldt=10fb"1/A

eAu - nosat

eAu - sat

>2 GeV/c
trigger

Pt
1<p;
Inl<4

Dominguez, Xiao and Yuan (2012)

e At small-x, multi-gluon
distributions are as
important as single-gluon
distributions and they
contribute to di-hadron
correlations

= The non-linear evolution of
multi-gluon distributions is
different from that of single-
gluon distributions and it is
equally important that we
understand it

e The d+Au RHIC data is
therefore subject to many
uncertainties

= these correlations in e+A can
help to constrain them better
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di-hadron Correlations - relative yields

e PHENIX measured Jgp, - relative yield of di-hadrons produced in d+Au compared to
p+p collisions

. . . . f
= Suppression in central events compared to peripheral as a function of x5 °

e Curves come from saturation model

e Can perform the same measurement in e+A collisions
forward-forward mid-forward

‘ | - RHIC dAu, Vs = 200 GeV
1= I R R B R -
i ‘ R ‘
i eAu - nosat ]
EIC stage-ll I 1 |
i [Ldt = 10 fb"1/A e 1 % ]
- ) N ] h‘
3 2 | i
) - ) - . I
I eAu - sat Q°=1 GeV” i
ptTrigg‘:"Ir > 2 GeV/c ]
I 1 < SO0 ¢ p’%[igger o L —— peripheral
Inl<4 - ‘ —=— central
TR R S (TS R S ST SR S B ! Lo | Lo |
-3 2.5 -2 1.5 -1 103 1072
10g9(Xg) X129

A. Adare et al., Phys. Rev. Lett. 107, 172301 (2011)
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Jets and hadronization

e {, - production time of propagating quark
e th; - hadron formation time
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Jets and hadronization
What happens if

% --8 we add a nuclear
medium!?

e {, - production time of propagating quark
e th; - hadron formation time
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Jets and hadronization

h

What happens if
we add a nuclear
medium?

e {, - production time of propagating quark
e ih; - hadron formation time
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Jets and hadronization

h

What happens if
we add a nuclear
medium?

‘)

)

to thf
e {, - production time of propagating quark

e thi - hadron formation time

Observables:

Broadening: ApQT — <p%>A — <p2T>p direct link to saturation scale
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Jets and hadronization

h

What happens if
we add a nuclear
medium?

‘)

)

to thf
e {, - production time of propagating quark

e thi - hadron formation time

Observables:

Broadening: ApQT — <p2T>A — <p2T>p direct link to saturation scale

Attenuation: R" (Q?, v, 2, p5) :ratio of hadron production in A to D,

modifications of nPDFs cancel out
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Jets and hadronization

h

hot nuclear
matter

e {, - production time of propagating quark
e th; - hadron formation time

Observables:

Broadening: ApQT — <p?p>A — <p?p>p direct link to saturation scale

Attenuation: R" (Q?, v, 2, p5) :ratio of hadron production in A to D,

modifications of nPDFs cancel out
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How can the EIC contribute?
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How can the EIC contribute?
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Ee

=27 GeV — /s =7.2 GeV

How can the EIC contribute?
HERMES:

En = 2-15 GeV

EIC:
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HERMES:

E. =27 GeV — /s = 7.2 GeV charm hadrons:
Y L) LA LR ALY LARRN LALAN LARRS RARR" AR LALLM L MY AR L) ALY LAY L
— C . ] 14F
Eh = 2-15 GeV 18F EIC eA: D —nD-Kn 3 :
S 16 L=5/A fb" Vs=63GeV BR(D-Km)=38%3  12f
- 1 9 ¢
R | ; | 3 PEEY:
1'0 s | L e o o 106 e 8 & J‘ oL &3‘++ -8:_ YT —: 5 :_
SRR SN RN R G T
il + 4 [ B + I T . 4 . Q C el LN 3 ] O r
08 | " 'l — ] - M D 08| = 2 06
| | Ce "I theoR < 06: IR E L
i ; o B 0 P ' - o
06 [ +* e Hel v Kr ‘. e ) I H_ERAe_E. N 1 sS4
A+ Nel m Xe (I T 0‘25 L=50pb™", Vs=297GeV : i
‘ | | [ | ‘ | | ‘ 7‘ \H‘ ) N
B | B - P e Y A Lo b b b by
T — — I - -, T 5 45 4 -35 25 2 15 4 05
* B + : [N B [ t
I R TR Rt
SR ER i R L+t x Tt i !
08 [ 1! "“EE = T{ R EEAE R
- ;e W 4 AR LI,
| ¢ = iﬁr i 1
06 [ 1° - R ] N
| K Q
‘ - c1.
! ‘ ! ! \“ 7‘ \”\ _Q :
R < o'
N TR A BT ER RS | Cei ] 3
ToF[tertetig te T IO I SR < 3
‘é%%zhfﬁ %Aziius%zz*zﬂgﬁ % 3-
ie” T I S I R R ° 0
05 [ ' 1i.*® i . - " t o
AR i - | —
f v p
0 L I N L
10 20 0.5 1 1 10 Tl
v (GeV) z Q’ (GeV?) v (eV) z 0 (GeV)

How can the EIC contribute?
EIC:

V = virtual photon energy
Zn = En/V

large V range — boost
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How can the EIC contribute?

HERMES: EIC:
Ee =27 GeV — /s = 7.2 GeV
En = 2-15 GeV
]. i | | [ | | | | 1 | | | B | | | |
_ 4 & © © @ m omn O ﬁ—
0.8 — —
3 i
o= - -
= 0.6 — —
A EIC m° NT i
04 |- ® HERMES no | o ECny _]
B energy loss energy loss -
- — — — absorption T — - — absorption 7
0‘2 i ] | L1 1 | L1 1 | L1 1 | L1 1 1 ] | L1 1 | L1 1 | L1 1 | L1 1 _
02 04 06 0.8 02 04 06 0.8
Z Z

V = virtual photon energy

Zn = En/V

large V range — boost
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Jets at an EIC ¢

- & Ratio of Two Forward Jet Cross Sections

e £E665 at FNAL have measured jets in u+A at
Vs ~ 30 GeV

= Feasible to start a jet programme in phase 1

= caveat that collider kinematics are different to
fixed target

PANIC 2014: macl@bnl.gov

Ratio

Ratio of Pb to D Jets
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Jets at an EIC

e £E665 at FNAL have measured jets in u+A at
Vs ~ 30 GeV

= Feasible to start a jet programme in phase 1

= caveat that collider kinematics are different to
fixed target

Ratio

Ratio of Pb to D Jets

llll] T TIIIIHI

et

—

[ 55(5 /‘9/‘€ //M'Aldu/
© Ratio of One Forward Jet Cross Sections :
: & Ratio of Two Forward Jet Cross Sections
12—
1.0+ k3 %
z ¥
o5y = X
i x
06K
C L 111! uul B
0.001 0.010 0.100

1+1 jets, dominated by g processes — allow study
of parton propagation through cold nuclear matter
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Ratio of Pb to D Jets

: T YIIIIII] l"T‘IrIlnI T T 7]
Jetsatan EIC

¢ Ratio of One Forward Jet Cross Sections :

e £E665 at FNAL have measured jets in p+Aat . __ s o 0 R o s 3
Vs ~30 GeV : :

Ratio
o
|
f
—eHeo
I

= Feasible to start a jet programme in phase 1 _ %
0835 = E ..E
= caveat that collider kinematics are different to S ]
fixed target 06X | S
0001 o010 o100

1+1 jets, dominated by q processes — allow study |
of parton propagation through cold nuclear matter jet

d202+1 2 2) 2) 2

jet 2 jet 2
2+1 jets— sensitive to nuclear gluons |
jet 1 jet 1

By measuring 1+1 jets, can extract information on gluons
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Jets at an EIC

1+1 jets, dominated by g processes — allow study
of parton propagation through cold nuclear matter

= Ay(z,Q%)q" (z,Q%) + Ay(x,Q*)ga(z, Q)

_ o jet 2 jet 2
2+1 jets— sensitive to nuclear gluons
jet 1 jet 1

By measuring 1+1 jets, can extract information on gluons

llllI'I'I T 111
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What do we know about the structure of nuclei?

C\I’\
B
Q

AN
e/

1041 7] NMC
BCDMS e+p

[ E665
1031 SLAC

i CCFR

I . ZEUS BPC 1995
10°F ] ZEUS SVTX 1995

- B H1SVTX 1995

. ] HERA 1994 :44
10 | HERA 1993 LAY 477 '
T F
107k

C Ll Ll | | Ll Ll

10°  10° 10" 10° 10% 107

Q? (GeV?)

103

102

10

0.1

III| I ) IIIIIII ) 1 IIIIII|
— Measurements with A = 56 (Fe):

e eA/pA DIS (E-139, E-665, EMC, NMC)
= vA DIS (CCFR, CDHSW, CHORUS, NuTeV)
o DY (E772, E866)

e+A

| e o 318H _
: ® ....=... :
00000 0 0% 9 N B Bun ]
oooog:c!: ! !l:l;!=ll_
OO @®©® mCs ON® E HE EFE E R REE -
e 0606 06 0 ¢ ‘ [ ] e & o
| o oo oefe B ¥ 'o'.l.'.'.'.-_
: oWe o ofep lul § Fumida
et S olom oo™
L IS U I
..... [ ] e 00 ..: »
] " m oo o o8
perturbative S el enme = =
T PRI ccov. rmseeresesse = R |
F non-perturbative = 2 mmm = om®
: | | | EEn | | | |
[ [ | EgH
| | | I.I
|
|
IIII 1 1 IIIIIII 1 1 IIIIIII II L1
104 1073 1072 10" 1
X

e e+p data covers large part of phase space

2
= |ow x and large Q

e e+A data only a small fraction of this (e+A was a fixed target programme at

HERA)

= high-medium x and low Q°
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F_at an EIC vs F at LHeC

RE (x,5 GeV?) -4 12 RF’(x,5 GeV?) -

il
1.2_—

i
llllll
||||||
lllllllllll
|||||||||||||||
||||||||||||||||

r T T

0.8
U o e A

04— = EPSQ9 mime FGS10 ] 0.4: S L L L L
: ...... nDS : : ...... :
02~ =— HKNO7 Data: LHeC - 02 Data: LHeC —
0_' el el el | 0'| o ‘ Ll il ]l
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X X

Fig 6.18 of LHEC CDR

® Rr> has good coverage with x and small uncertainties

e R concentrated at low-x but large uncertainties
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FL at an EIC Vs FL at LHeC

R""’(x 5 Gev2)

1.2

1

11l
.-
|||||
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D.E mi®

0.4 = FGS10
02 =— HKNQ7 Data: LHeC
D_IE ”II4 | | II”III-G | | II“IIIE 1
10 10 10 10° 10°
X

* Rr> has good coverage with x and small uncertainties

® R concentrated at low-x but large uncertainties
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F_atan EIC vs F at LHeC
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* Rr> has good coverage with x and small uncertainties

® R concentrated at low-x but large uncertainties
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FL at

1.2

1

0.8
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0
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an EIC vs FL at LHeC
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* Rr> has good coverage with x and small uncertainties

® R concentrated at low-x but large uncertainties

= E|C data will provide constraints at higher x with smaller error bars
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Diffractive Events: Experimental Side

e

e How to identify

o diffractive events?
} X (My)

Largest rapidity
gap in event

or

Xip

»

Y (My)
breakup of A

= Rapidity Gap
e requires hermetic (large acceptance) detector
= Separating coherent from incoherent diffraction
e detector and IR needs to be carefully designed to detect nuclear breakup
= [ imitation at a collider

e (Coherent: scattered ion cannot be measured, t not directly measurable (may be in
very light ions)

e Breakup can be detected using emitted n and y, some charged fragments can be
measured in Roman Pots
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Large Rapidity Gap Method (LRG)

= |dentify Most Forward Going Particle

(MFP)
e Works at HERA but higher v's Diffractive p° production at EIC:
o N of MFP
e E|C smaller beam rapidities
Nmax e+p: RAPGAP: MFP in Event
2+100 GeV - DIS
5+100 GeV - DIS
Other particles (if any) 0.1 i - ;81188 gg&g:g
-------- 52100 GV Diff
I I 5+100 GeV - Diff
- A — s 10+100 GeV - Diff
| 0.08r || 0 e 20+100 GeV - Diff
Rapidity Gap S e 30+100 GeV - Diff
! \ vy i
.~ DefectorAcceptance B
B | > 0-061 DIS
T]E/;;m 0 T]Eeam I
<p/A direction e direction - 0.04 i
Hermeticity requirement: | e Y -
. 7y 'eq 0.02f ”D iffractive
. needs just to detector presence : pe
. does not need momentum or PID TR S
. . O L1 1 [ L1 || I U s T | L1
* simulations: /s not a show stopper for EIC 84 6 4 2 0 2 4 6 8
rapidity

(can achieve |% contamination, 80% efficiency)
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Detecting Nuclear Breakup

= Detecting all fragments pa =2 pn+ 2 pPp + 2 Pd+ 2 Pa ... NOt possible

= FOCuUS Oh N emission

e Additional measurements:

o Zero-Degree Calorimeter » Fragments via Roman Pots
> v via EMC

e Requires careful design of IR

Traditional modelling done in

pA:
Intra-Nuclear Cascade
. Particle production &
. Remnant Nucleus (A, Z, E*, ...) N[ .- Excited nucleus
o ISABEL, INCL4 /,’;f:f”""*‘\\‘i\:I:\:\\\\\I!\Evaporatlon

35

De-Excitation

ﬁ 4 A \
IR %% 90 o
i ‘ .
T > v 11
O JURC ~ ! .
| (
vV L M 4
A R
RN v, 7
\\\\ ” /7
. RN ’
i vaporation o
o) S S

. Fission
. Residual Nuclei
o — Y . .
° Gem|n|++’ SM M,ABLA (a” no ’Y) Y Fission products Szalflsagodnegea?;iue
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Experimental Reality

e Here eRHIC IR layout:

¢ Need +X mrad opening through
triplet for n and room for ZDC

1.95m

¢ Big questions: P
= Excitation energy E*?
= ep: dO/My~1/MY2

= eA? Assume ep and use E* =
My - m, as lower limit

35

30

25

number of neutrons

20

15

10

TT L TNy TT5 s Ty TeTT Ty
| 1 | 1 I |

400 450 500

E* (MeV)

150 200 250

300 350

50 100

4719 M

1.045M
A pc' 25
| oedorm h beam
o=10 mrad
= ZDC
t 0510 mrad
e beam
° ° ® ° ° -
10 12 4 16
beam
< %%ﬂautrons
D=120 mm

| theta distribution of neutrons at E* =500 MeV |

1
histoTheta500

Entries 1214828

— Mean 1.495
50000 - RMS 0.7983
: \ theta distribution of neutrons at E* = 500 MeV \ E:l;::;l' e
40000~ L
30000 Gemini++
20000—
: 1hm | | L )
10000 2 3 ] 5 6 7 )
0 1 11 1 1 1 I 1 I 1 I 11 1 1
0 1 2 5 6 7 8
mrad

014, ... ...
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Experimental Reality

* Here eRHIC IR layout: o gem T
pcl 2°
1.Am

e Need +X mrad opening through P -t |1 h beam

triplet for n and room for ZDC s YA LD il .

l 93\10 mrad\ e beam

e Big questions: P , . . . o . \ .

= Excitation energy E*? beam

neutrons
= ep: dO/My~1/MY2 %

D=120 mm

= eA? Assume ep and use E* =
My - m, as lower limit

Simulations using Gemini++ & SMM show it works:

® For E*(oc = 10 MeV and 2.5 mrad n acceptance we have rejection power of at
least 10°.

® Separating incoherent from coherent diffractive events is possible at a collider
with n-detection via ZDCs alone
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Old Accelerator
Design
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Staging of eRHIC: E_: 5 to 30 GeV

All energies scale

proportionally by adding SRF /
cavities to the injector

New
detector

0.9183 Eo

0.7550 Eo
0.8367 Eo

0.5917 Eo
0.6733 Eo

0.4286 Eo
0.5100 Eo

Gﬂ 0.3467 Eo

% All magnets would installed from the day one
< and we would be cranking power supplies up as
energy is increasing

0.2650 Eo

0.1017 Eo

eSTAR

30 GeV

PANIC>p14: macl@bnl.gov

E/Eo

0.0200

0.1017

0.1833

0.2650

0.3467

0.4283

0.5100

0.5917

0.6733

0.7550

0.8367

0.9183

1.0000
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