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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 Issues:

= P+A combines initial and final state effects

= multiple colour interactions in p+A

= p+A lacks the direct access to x, Q2

—a— A
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Why e+A collisions and not p+A?

< 30

| NP - N P\

e e+A and A wroridea —
properties

funcﬁons}

e Both are { |
opportuni Scattering of protons on protons |

factorizat is like colliding Swiss watches to find out how they are |
e Issues: built. (a)

= P+ACO

—

1 <10

R. Feynman [ =

= multiple L, 4, x5x10"
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What is eRHIC?

Electron accelerator - RHIC

( Existing = $2B
QI Polarized protons
50-250 GeV

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

(to be built)

)

Unpolarized and

polarized leptons
520 30) Gev | @ | >*<
J

70% e beam polarization goal Polarized light ions He?
| 1 166 GeV/u

polarized positrons!?

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

proTons
electrons «—
< - - @ -
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From RHIC to eRHIC
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From RHIC to eRHIC
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Staging of eRHIC: E.: 5 to 30 GeV

All energies scale
proportionally by adding SRF
cavities to the injector

detector

4
EO 0.7550 Eo
4
EO 0.5917 Eo
- 4
05100 Eo y
S {
4 0.2650
\

m 0.1017 Eo
0.1833 Eo /

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

eSTAR

30 GeV
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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?
2

Y
or(2,Q%) = F3'(2,Q%) — S Ff (2,Q%)
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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?
00 (2,Q%) = FNw, Q) — o FiA (2, Q)
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What did we learn from e+p collisions at HERA?

Y
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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 1 a. <1
| Nucl. Phys. B 181-182 (2008) 5761 | S
DGLAP
AN
@)
i
non- perturbatlve region Og ~ 1
10 10 102 101 xdv g
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

splitting




The structure of matter at small-x

" —— HERA-I PDF (prel.) Q%2 =10 GeV?
I - experimental uncertainty | QZ(X)
16 | | model uncertainty | S
- HERA Structure Functions Working Group 1 a. <1
| Nucl. Phys. B 181-182 (2008) 5761 |
\ i 1

S

DGLAP |

JIMWLK

0

saturation
non-perturbative region Og ~ 1
10 103 102 100 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

In Q2

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 Q2s(x)

splitting recombination




The structure of matter at small-x

" —— HERA-I PDF (prel.) Q%2 =10 GeV?
- experimental uncertainty 2

16 | | model uncertainty 4 QS(X)

- HERA Structure Functions Working Group 1 a. <1

| Nucl. Phys. B 181-182 (2008) 5761 | s

| DGLAP :
e,
z JIMWLK
saturation
non-perturbative region Og ~ 1
10 10 102 101 xdv g
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 growth
however - saturation in the gluon density is not observed in the
gluon distribution at HERA -> too high an x

How can this be observed at eRHIC?
| 4 | \ 4 | 4 8




Nuclear “oomph” effect

A
Pocket formula: Q(x) ~ A% (] .
ocket tormula: Q:(z) ~ A — ~ | —
XL XL
< 10r >  10F
% i Qs quark Model-I % i
O RN — Au,medianb --- b=0 O R
~ L ~. —— Ca, median b ~ K )
@) — p, median b e
1 1
I Q2 garkr all b=0
——  Au, Model-ll
i - --  Au, Model-l
_ —— Ca, Model-ll
- -- Ca, Model-l
10-1 1 1 lllllll 1 1 lllllll 1 1 L1 1111 10-1 1 1 lllllll 1 1 lllllll 1 1 L1 1111
10° 10™ 10° 102 10° 10 10° 102
X X

Hard Probes 2013: macl@bnl.gov



mailto:macl@bnl.gov
mailto:macl@bnl.gov

What do we know about the structure of nuclei?

14
>
> 12
O 10
@)
208
[l 06 = This work, EPSO9LO .
‘> L -—-EKs98
o 04 [ e HKNO7 (LO)
~ 07 L = EPS0S
& "7 L —— DS (LO)

0.0 I I I

10 100 10% 10"

€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
(Q\ =

% 1.2 g

2 10 E

=08

96 = This work, EPSO9LO |—
‘> | == EKS98 ] .

= 04 e HKNO7 (LO) — o=l
A EPS08 B : 8

X 7L —— DS (LO) ] £

0.0 | | |
10* 107 107 100 10
X X X

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:

= Low energy (fixed N

target) 103 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 10° N
- ; oogzooo: oo; ; .:. ; :...
* EIC coverage: 3 RS R R0l &L
’ . O] R T R
= Both “low energy” and = 10 RSt AL
“high energy” options ~ © BEU RS S
eXtend the reaCh In X' - . - :' EIE E E i: :-s » e o oo
2 | perturbative it T - DL R |
Q2 beyond current data T hon-pertubative T -
= A coverage extended ' T
UptOU 01 Lyl Ll | N L
. 4 -3 2 -1
= Saturation scale at 10 10 ) 10 10 1

moderate Q2 can be
iInvestigated at the
lowest x
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Phase-space coverage of e+A collisions for an EIC

e EXisting data:

= Low energy (fixed N

target) 1035- Measurements with A = 56 (Fe):
e eA/pA DIS (E-139, E-665, EMC, NMC)
= |Low statistics [ = vADIS (CCFR, CDHSW, CHORUS, NuTeV)
_ _ | DY(E772 E86H) —
- Malnly Ilght A 10 E EE N EEE
— E oogzooo: oo; ; .:. ; :...
* EIC coverage: S Sy
‘ y O c IRl § oE e
= Both “low energy” and = 10 RSt AL
“high energy” options O | N 4 /
eXtend the reaCh In X' - . - :' EIE E E i: :-s » e o o o g
2 | perturbative s°m °me o om
Q2 beyond current data N hon-pertubative Pl T :
= A coverage extended -
up to U o

—
o
N
= [
o
w
—
o =
(M)

= Saturation scale at
moderate Q2 can be
iInvestigated 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) 10%E Measurements with A = 56 (Fe):
e eA/pADIS (E-139, E-665, EMC, NMC)
= |Low statistics [ = vADIS (CCFR, CDHSW, CHORUS, NuTeV)
[ o DY (E772, E866)
= Mainly light A 102 ..
- 0000 O O < e ® ¢ e /:
N N 0000 O O o"..."...:
e EIC coverage: 8 K o~ avooo g e & B umddnen]
q) N OOOOO0O O ® HO» ON® HE HE EOE B E B EE -
‘ y O cSRIl § e e
= Both “low energy” and = 10 RS It
“high energy” options  © . (EEE
eXtend the reaCh In X- B . - :.EIE E Ei::-s » © o oo -
0 | perturbative” =oom cme =
Q2 beyond current data N hon-partirbative T :
= A coverage extended -
up to U o : .
i 4 -3 2
= Saturation scale at 10 10 L

moderate Q2 can be
iInvestigated 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) 103 Measurements with A = 56 (Fe): =
- e eA/uA DIS (E-139, E-665, EMC, NMC) i
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S ISR T ETTLE
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extend the reach in x- Y Megjary s . Belal TlitCw e ..o
Q2 beyond current data [ T S l:.:':__i ........ A A -
= A coverage extended \
up to U ' P medan .
0.1 Lol R R L vl Lol
10 1073 1072 107 1

= Saturation scale at
moderate Q2 can be
iInvestigated at the
lowest X
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Saturation effects in the proton and nucleus

dQO.eA—>eX 47‘(’0&2

y2 2 y2 2
Sl Kl—y+—)Fg<az,Q>——FL<x,Q'>J\
dxdQ)? zQ) 2 / 2 gluon

proton

quark+anti-quark

Measure of non-

linear effects in |

the FL structure -
function 0

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

co ® EN R o
e b ey

-4

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

dQO.eA—>eX B 47'('042 y2 ) y2 5
drdQ2 ~ xQ* [(1 — Y+ ?) Fy(2,Q7) — 7FL($,Q‘)J\
/ gluon
quark+anti-quark proton Au (A=197)
Measure of non- 0 .................... 0 ...............
linear effectsin .4 | | Tl @
the FL S truc tu re g :: .............................. g :: " ................................
function = ::273 . ::;?3
-4 s 1 0\0\ g ] \0\0\
Dipole model (J. Bartels et al.) 10g,0(x 2 W I0g,y 3

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
Hard Probes 2013: macl@bnl.gov 12
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Saturation effects in the proton and nucleus

dQO.eA—>eX

Ao 2 2
drdQ? - xﬂgzl [(1 —y+ y?) F2<377Q2) — %FL(% QQ‘)J\
/ gluon

proton

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 Q2

= Au: much larger effects are visible

e nuclear “oomph” effects well manifested in the F. structure function
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2

A _ A
Feasibility study: 0. Q) = F'@.Q*) - 5 F{'(+.Q”)

Strategies: (% =1.389 GeV=

slope of y2/Y ., for different ; 3 B

s at fixed x & Q2

e+Au:

20x50 - AfLdt =
20x75 - A[Ldt = 4 fb-
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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Feasibility study:

2

or(2,Q%) = Ff (z, Q%) — L F{ (z, Q%)

Y +

Fixed F2 (0.5) and F. (0.2)

Q’ = 1.389 GeV?
—— 5 GeV Leptons

—— 10 GeV Leptons
—— 20 GeV Leptons

lll 1 A lllllll

Strategies:
slope of y2/Y, for different
s at fixed x & Q2 1
e+Au: FL 08
20x50 - AfLdt = 2 fb- 0.6
20x75 - AfLdt = 4 fb- 0.4
20x100 - AfLdt = 4 fb-

: : 0.2
running combined
~6 months total running Ot
(50% eff) -0.2
statistical errors are -0.4
swamped by the 3% 0.6
systematic errors 0.8
Will be dominated by -1

systematics, but would
need a full detector
simulation in order to
estimate them

10°

10 10
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Feasibility study:

2

or(2,Q%) = Ff (z, Q%) — L F{ (z, Q%)

Y +

Fixed F2 (0.5) and F. (0.2)

Q’ = 1.389 GeV?
—— 5 GeV Leptons

—— 10 GeV Leptons
—— 20 GeV Leptons

lll 1 A lllllll

Strategies:
slope of y2/Y, for different
s at fixed x & Q2 1
e+Au: FL 08
20x50 - AfLdt = 2 fb- 0.6
20x75 - AfLdt = 4 fb- 0.4
20x100 - AfLdt = 4 fb-

: : 0.2
running combined
~6 months total running Ot
(50% eff) -0.2
statistical errors are -0.4
swamped by the 3% 0.6
systematic errors 0.8
Will be dominated by -1

systematics, but would
need a full detector
simulation in order to
estimate them

10°
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Feasibility study:  o..0%) = Ff'(z.Q*) - 3 F{ (=, 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 3
20x50 - AfLdt = 2 fb- 0.6
20x75 - AfLdt = 4 fb- 0.4F
20x100 - AfLdt = 4 fb ] . +_ I |
running combined 02 : H {++*+ il
~6 months total running Of -~ L
(50°/o eff) -0.2 _
statistical errors are -0.4F @’ = 1.389 GeV’
swamped by the 3% 06F — ? (?gvaeLeptcins

. n —— ev Lepions
systematic errors 08k 20 GeV Leptons
Will be dominated by L — “1‘(‘)-3 S “1'(')_2 E— “‘1'(')_1
systematics, but would x

need a full detector
simulation in order to

estimate them
Hard Probes 2013: macl@bnl.gov |4



mailto:macl@bnl.gov
mailto:macl@bnl.gov

2

Feasibility study:  o..0%) = Ff'(z.Q*) - 3 F{ (=, 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 3
20x50 - AfLdt = 2 fb- 0.6F
20x75 - AfLdt = 4 fb- 0.4F

- — -1 -
2OX1OO Adet—4fb 02:_ oQ{*}ooQ{*oo.}}{ I N @
running combined :
~6 months total running O~ e
(50°/o eff) -0.2 _
statistical errors are -0.4F @’ = 1.389 GeV’
swamped by the 3% 06E — ? gsgv VLcLeptons

, [ — eV Leptons

systematic errors 08F 20 GeV Leptons
Will be dominated by L — “1‘(‘)_3 — “1'(;_2 E— “‘1'(')-1
systematics, but would x

need a full detector
simulation in order to

estimate them
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Feasibility study:

Strategies:

slope of y2/Y, for different

s at fixed x & Q2

e+Au: 1st stage
5x50 - AfLdt = 2 b1
5x75 - AfLdt = 4 fb!
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

R

0.2

R, = F/(AFP)

0.4

0.2

2

O-T(vaQ) — FQA(xaQQ) R y—

Y +

- Q2=27GeV?, x =103

Beam Energies A]JLdt

5 on 50 GeV 2 fb1

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

 50n75GeV 4 fb I rcBK
50n100 GeV 4 fb EPS09
Si Au
| | | | | | | | | | | | | | | | | | |
1 2 3 5 6 7

Beam Energies A]JLdt

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

50n 50 GeV 2 fp-1

| 50n75GeV 4 fp-1 B rcBK
- 50n100 GeV 4 fb! EPS09
c e b by T R T S S N |
1 2 3 5 6 7
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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
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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
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I:zvalence
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Summary and Conclusions

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
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Summary and Conclusions

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

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

® 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

¢ 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:

= Diffraction: The diffractive cross-section itself gives information on the level of saturation

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

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

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

= Much information obtained from measuring the F> and F_ structure functions
Other important observables not discussed due to time limitations:
= Diffraction: The diffractive cross-section itself gives information on the level of saturation

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

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

® 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

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

never been measured before & never without

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

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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EXxclusive processes in e+A - diffraction

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

e - Q) Pomeron
7° * xip = X/B: momentum fraction of
\ the exchanged object
, (Pomeron) w.r.t. the hadron
v - X (My) 2
/ 8 X @,
,'I Xp Largest rapidity X P QQ _|_ M g(' — t
: gap in event
p, P R or z Y (My)
~__" P',p'
t N breakup of A
t=(p—1p)
e Diffraction in e+p: e Diffraction in e+A:
= HERA: 15% of all events are = Predictions: Oit/Otot IN €+A ~25-40%
diffractive = Coherent diffraction (nuclei intact)

= |ncoherent diffraction: breakup into
nucleons (nucleons intact)
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Day 1: Diffractive Cross-sections

Q%2=5 GeV\_
N x = 3.3x10°3
102 |- -

R . eAu stage-I
fLdt =10 fol/A /-

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

—_

<
N
|

I
11 1 1

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

—_

e
w
I

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

|
sat | —t I : I I

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

r— L Il Il 4' e
f + i 1 ' 1 — T 1 T 1
sat

N

—
o= o np o,

N

—
ol = 1D,

no-sat (LTS) no-sat (LTS)
] ] ] ] ] ] L1 1 ] | 1 1 ] ] ] L1 1
1 10 1 10
M2 (GeV?)

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

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

o
o

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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Exclusive vector meson production

& (1 - :)r'[ 2.0¢
. | £ L S V = Jf,é,p 18f
C

T I . B

i 1.4:

1.2F

1

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

0.8

- | -
p ) -
_ 0.6F

22}

- e +p(Au) — e’ +p'(Au’) +V

Coherent events only
stage-1I, [Ldt =10 fb"'/A

8 x < 0.01

Jhp no saturation

ooomoW“‘W*‘HH+++H+w

Jhp saturation (bSat)
lll-l—l-l-l-l-l-l-ll-pl-l-l—l-l-l-l-“ mﬂ##ﬁ*

0.4

do o g(z)”

0

Sartre: Toll, Ullrich

e EXxclusive vector meson production is most sensitive to the gluon distribution

= colour-neutral exchange of gluons

e J/P shows some difference between saturation

— Experimental Cuts:

B IM(Vdecay products)! < 4
- P(Vdecay products) > 1 GeV/c

i 2 3 4 5 6 7 8 9 10

(2012) (G

and no-saturation
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Exclusive vector meson production

- e +p(Au) — e’ +p’(Au’) +V

2.2
5 O; Coherent events only
L Le, stage-Il, fLdt = 10 fb™//A
T/, 9.p 1.8 %l x < 0.01

a - "0.861‘0/,

o 1.6 '..af/'on

\b/ - ..“'

= 14F hid L TV

2 000000000040

Q2 1.2 —

o) - JAp no saturation

< -

< - Jhp saturation (bSat)

E 0.8 II-IIII-IIII:P-II-III-I-IH WHM
0.6 :— ¢ saturat\oﬂ &bIS.a.tL“. Lty

_lllll....
0.4 Experimental Cuts:
2 N IM(Vdecay products)l < 4
d O- m a:‘ 0.2 - P(Vdecay products) > 1 GeV/c
g o:||||||||||||||||||||||||||||||||||||||||||||

i 2 3 4 5 6 7 8 9 10

Sartre: Toll, Ullrich (2012) & (@&V)
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
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Exclusive Vector Meson Production in e+A

4 E JLdt =10 b o coherent - no saturation 5 g fLdt =10 fb"" o coherent - no saturation
107 g 1<Q?<10 GeV? o incoherent - no saturation 10° &2 1<Q%<10 GeV? o incoherent - no saturation
E o x < 0.01 m coherent - saturation (bSat) =0 x < 0.01 m coherent - saturation (bSat)
B .|:| N(egecay)!l <4 e incoherent - saturation (bSat) [m O IN(Kgecay)! <4 e incoherent - saturation (bSat)
3] = P(Edecay) > 1 GeV/c 104 o P(Kdecay) > 1 GeV/c
107 5 dtt=5% dtht = 5%
L LI
o 3
B 10
102 =0 . oooooooooooooooooooooooo
§. 00 ﬁ;. oooooooooooooooooooooooooooooooooooooo
m] - o
[m]

do_(e+Au—>e’+Au’+J/L|J)/dt (nb/GeVZ)
S
T T e

do® FAu= e+ AU+ I 4t (nb/GeV?)

*ﬁ? )

"

- ) L |+*$
JAp Wt b fr
10'2 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | [IRIIAI | 1 1 1 | 1 1 1 | [IRIIni 0'2 1 1 1 | 1 1 1 | | 1 1 | 1 1 1 | 1 1 1 | 11 | | 1 1 1 | 1 1 1 | 1 1 1

1
0 0.02 0.04 0.06 0.08 0.1 0.12 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
1t] (GeV?) I1t] (GeV?)

—_
o

-

o

)
N
T IIIIIII| T IIIIIII| T IIIIIII| T IIII.IL. T IUIH.Il T IIIIIIJ

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..." ¢ non-sat

e Take the do/dt distribution
and perform a Fourier

1 do
F(b) ~ o dAAJo(Ab) pr
()
t= A?%/(1-x)=A? (for small x) af
0 005 01 015 02 025 03 035
— It (GeV?)
o1t e Woods-Saxon
o 008
U L
3 |
b |
o 0.04
L B
0.02
o L Y l l Lo e |
10 5 0 5 10
b (fm)
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Finding the source...”

e Take the do/dt distribution
and perform a Fourier

F(b) ~

1

o

( )

dA A Jo(Ab) -

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

do
dt

¢ non-sat

-10

-
-----

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

________
‘‘‘‘
-

~
IIIIII

0 5 10

0 I005 01 015 02 025 03 035

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

e Take the do/dt distribution
and perform a Fourier

1 do
A A A
o d Jo(Ab). dt

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

F(b) ~

0 005 01 015 02 025 03 035
Itl (GeV?)

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

o
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Finding the source...

e Take the do/dt distribution
and perform a Fourier

do

)

0 005 01 015 02 025 03 035

¢ non-sat

1 » -1
F(b) ~ — [ dA A Jo(Ab) /<2 "
2T dt 10
0
t= A%/(1-x) =A? (for small x) 10°
o1k e Woods-Saxon
o 0.08
O B
3 |
= 0.06 —
b -
S 0.04 -
L B
0.02 |
o L

It (GeV?)
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Finding the source...

e Take the do/dt distribution
and perform a Fourier

do
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¢ non-sat

1 » -1
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2T dt 10
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- - 10° _
Finding the source...” ¢ non-sa
o Take the do/dt distribution "'\
and perform a Fourier o £\
F(b)~% AA A Jo(Ab) ‘Zl—(t’ “’E ’ L, | At
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Finding the source...

e J/Y shows little difference for both saturated and
non-saturated modes.

F(b)/[F(b) db
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1Np1gqer IN/A(A)

0.2

di-hadron correlations in d+A

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

+Au — h, h, X')and p+p — h; h, X

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

k- —— p+p min. bias

.1 * Au+Au Central
I

llllllll

e At y=0, suppression of away-
Spn side jet is observed in A+A
‘ collisions

e No suppression in p+p or d+A

= X ~ 102 ke +k, e

i <<
' o
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1Np1gqer IN/A(A)
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di-hadron correlations in d+A

comparisons between d+Au — h, h, X (or p
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e At y=0, suppression of away-
side jet is observed in A+A
collisions

e No suppression in p+p or d+A

ke +k, e
Vs

e However, at
forward rapidities (y
~ 3.1), an away-
side suppression is
observed in d+Au

<<

e Away-side peak
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di-hadron correlations in d+A
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di-hadron correlations in e+A

Never been measured - we expectto  ® 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
: Q21 GeV? contribute to di-hadron
0.16 - LN 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

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

help to constrain them better
Hard Probes 2013: macl@bnl.gov 26
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di-hadron correlations in e+A

Never been measured - we expectto  ® 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
ptrigger>ZGeV/C COntI’IbUte tO dl'hadron

} < passec _ plrigger correlations
Inl<4

EIC stage-ll
SLdt =10 fb-1/A

0.2

= 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

0.15
eAu - nosat

Ceau(Ap)

0.05

eAu - sat

= e The d+Au RHIC data is
S T 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 - relative yields

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

= Suppression in central events compared to peripheral as a

function of xafrag

EIC stage-l|
fLdt =10 fb-/A

—
<
@ L
-
i W Q?=1 GeV?
py'99¢" > 2 GeVi/c
1< pgal_ssoc < p%[igger
Inl<4
| | | | | | | | | | | | | | | | | |
3 -2.5 2 -1.5 -1
logy4(Xg)

JdAu

10°"

forward-forward

mid-forward

]
= T

S|
.o
— |

L RHIC dAu, Vs = 200 GeV

I

§

|

J{

'\
A

—— peripheral

—=— central
|

1073
frag
XA

102

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

Hard Probes 2013: macl@bnl.gov

28


mailto:macl@bnl.gov
mailto:macl@bnl.gov

Jets and hadronization
; g What happens if

% -8 we add a nuclear
medium!?

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

Hard Probes 2013: macl@bnl.gov
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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

Hard Probes 2013: macl@bnl.gov
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Jets and hadronization

h

What happens if
we add a nuclear
medium!?

)

to ol
e {, - production time of propagating quark

>

e th - hadron formation time

Observables:

Broadening: ApQT — <p%>A — <p,_2r>p direct link to saturation scale

Hard Probes 2013: macl@bnl.gov
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Jets and hadronization

h

What happens if
we add a nuclear
medium!?

>

)

to ol
e {, - production time of propagating quark

e th - hadron formation time

Observables:

Broadening: ApQT — <p?p>A — <p,_2r>p direct link to saturation scale

Attenuation: RZ(QZ, v, Zh,p?r) : ratio of hadron production in A to D,

modifications of nPDFs cancel out
Hard Probes 2013: macl@bnl.gov
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Jets and hadronization

h

< - >
> ~
A A
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: RZ(QQ, v, Zh,p?r) : ratio of hadron production in A to D,

modifications of nPDFs cancel out
Hard Probes 2013: macl@bnl.gov
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How can the EIC contribute?
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How can the EIC contribute?

27 GeV — /s = 7.2 GeV

HERMES
En = 2-15 GeV

Ee

o+ —+m- n A —a—e—— K ] L _ p ]
e H- .| o <=
et .- —— .t e+
for—e— —>E— et Hm—+ Ot et
— < ottt frm+ o+ et I
—o—< — Ho+ fa-  imr ro-te -
—— <« ot rimt Fot et ot imt
——« +oHe-  >mt- rot te -
| ! L |
—+o —te— S = B B e E S —) —
—fot+—ted— —im— et o —=—
o —e— - et m S R =
o+ —<— Ot et m ot e+ -+
Hor —« o—ret - He—tet H
—< - Q H-o—+ +e m o+t tmt
—< K VA —oat +m Y
—— W Hot—e- —Hm- ot -«
—o—<—B— [} oum [t .
|
—o— m M ® <t W+t el &
o et | r-m Ho—H<t > m
— trotHet omt (Ot It
o <«
Fo——<— o4t Fo-ftat  -imt
Ho—<— o+ et i@t o+ et mt
———<— - ot e rimt —o—ttet +mt
—o— —+ - ro— et HE-+ ot -
o —<— -» ot et bt He— et —~+m-
ot e - Ottt ——t -
L Ll 7 L L 7 L 7 L L 7 L L 7 L
=< <= xR e < R o = w
o (=] = v — — - =

10
Q* (GeV?)

virtual photon energy
Hard Probes 2013: macl@bnl.gov

0.5

Zn = En/V

20
v (GeV)
V

10


mailto:macl@bnl.gov
mailto:macl@bnl.gov

How can the EIC contribute?

HERMES: EIC:
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How can the EIC contribute?
HERMES:

EIC:

Ec =27 GeV — /s = 7.2 GeV charm hadrons:
2_llllllllllllllllllllllllllllllllllllllllllll_ -lllllllllllllllllllIlllllllllllll‘lllllllllllllll
—_— C 't - 14
Eh = 2-15 GeV 18F EIC eA: D' 5nD-Kn :
o 16E LE5IA fo! \s=63GeV BRD-Kmj=38%  12f
F 1 9 ¢
R T & ME TS
B B 12F 4 o F
10 v v+, NETE TR SR ié, : 1 Sosk
et | i\ 5
11 [ T \ C el LR ]l O -
08 [ 1" L N S ; 2% I B e 3
- | l: = .\ .\ | ‘ < 06- - ~ :
06 [ =" e He |- Kr ! _ b 04; HERAeﬁ): | : 5 0.4:—
I A Nel = Xe ' T 0‘25 L=50pb™", Vs=297GeV 5 0ok
‘ | [ ‘ [ ‘ | \H‘ =y - C
- [t T - AT TR AN T PR T T PP
10 | e C o i S 5 45 4 35 -3|-2.5 2 45 4 05
. i e s e 3 [ T
SSESEEER RESSRER ghzﬁ T[ %9
08ﬁ+$+ LT S . ; fii RN T
0.6 | f ' - e | i 1.6F
] K 3
‘ _ C14F ,
ok | 2 =,
W» ° B = O r ety i
IESES ERNEESE | S c BT ]
W et i it RN 3 - ”””-”_
SRS N St N % o8
1 {8 (v . 1] | - y 1i Y o o6 N
05 | TiiLett vty BRI A 3
Sk : *Ir ! _ n4E
. P P 0.2F
0 | | | ‘ | | ‘ | | ‘ | | \ﬁ‘ H‘ 11111
05 15 2 25
10 20 0.5 1 1 10 n |0g(Q2)
v (GeV) z Q’ (GeV?) v (eV) z U (Gev)

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
1 i | | | | | | | 1 | | [ | | | |
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V = virtual photon energy
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Ratio of Pb to D Jets

Jets at an EIC ¢

e E665 at FNAL have measured jets in p+A  .E°
at v/s ~ 30 GeV :

¢ Ratio of One Forward Jet Cross Sections :

llll’ T T_IIIIFII
E66S /9r</,,;,m,,/ -

Ratio of Two Forward Jet Cross Sections

% 1.0 —
= Feasible to start a jet programme in phase 1 : : L
0.8 3 T ~
= caveat that collider kinematics are different to S :
fixed target N T
0.001 0.010 0.100
Xy

Hard Probes 2013: macl@bnl.gov
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Ratio of Pb to D Jets

Jets at an EIC ¢

e E665 at FNAL have measured jets in p+A ;[ 2t et com stns

at /s ~ 30 GeV

2 1of '

= Feasible to start a jet programme in phase 1 ﬂ z ¢ :

o5 = X -E

= caveat that collider kinematics are different to . .

fixed target 05—k [ o
0.001 L “(l)iIOIO - lll(3%1100

lllll T TIIIIIII
F&66S /Fre /,;.,,.m,f

¢ Ratio of One Forward Jet Cross Sections :

e

—

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

Hard Probes 2013: macl@bnl.gov
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Ratio of Pb to D Jets

Jetsatan EIC (=
e E665 at FNAL have measured jets in p+A [0 oot s s com secons
at v/s ~ 30 GeV B % i
5 1.0 3 —

= Feasible to start a jet programme in phase 1 “ z 3
085 = X -E

= caveat that collider kinematics are different to S

fixed target oopE J .
0.001 Ll l“(1)12)10 - lll(1)11100 o

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

do
Todor — Ad(@ Q00 (@,Q%) + Ay(2, Q") galw, Q)

_ L 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

Hard Probes 2013: macl@bnl.gov 30
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Jets at an EIC

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

= Ag(, Q%) g (2,Q%) + Ay(w,Q%)ga (2, Q%)

: . 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

T |l|||||'| LB RRL
1000 EE varied

0.0001 0.001 0.01 0O-A1 1

Xg Xg 30



What do we know about the structure of nuclei?

N/-\
B
Q

AN
e/

1 1 LI III 1 1 1 1 LI
4 .
107 (/) NMC e+ 108} Measurements with A = 56 (Fe): e+A -
BCDMS p - e eA/uADIS (E-139, E-665, EMC, NMC) ]
i E665 m  vADIS (CCFR, CDHSW, CHORUS, NuTeV)
1031 SLAC
5 o DY (E772, E866)
C CCFR 102__ o o BEE _
[ [ ZEUS BPC 1995 7 F 00000 0% @ o oot
2 —~~ K 6000 o W N W wuEE
10 3 . ZEUS SVTX 1995 N> i o g :d|: ! ! -:- ; !=“
E % H1 SVTX1995 q) L 00000 O ® HC» oEO & ; HOH BH E EERN
| e 660 6 o ¢ [ ] [ ) [ ]
| [ HERA 1994 / S oL . ;: ofe ; ; e
£ Al C oo o o 3% o" e .
10 3 HERA 1993 4 7/ 7277 O - *u® % %% fefa'm sooe
5 s i R
i B ) = :. o%e o o8 e »
: ’ perturbative S el eme = =
n T RN oo s - e A _
F F non-perturbative 2 A amam = a®
- X n E EmEE =N n
[ E Egm
| :
10 = B ]
:6 i 5 ol 4 m 3' Ll 2 | 1 01 Lol 1 1 Lol 1 1 Lol al
10 10 10 10 10 10 1 1074 1073 1072 10" 1
X
X

e e+p data covers large part of phase space

= Jow x and large Q2

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

HERA)

= high-medium x and low Q2
Hard Probes 2013: macl@bnl.gov
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F_atan EIC vs F at LHeC

12 R,F_-’:’(X,5 GeV2) - 12p RE?(X,5 GeV2) —

‘: e N ———
e e
] e
0 = EPSQ9 = FGS10 1 oaf
: ...... nDS : - e -
02—~ — HKNO7 Data: LHeC - o2 — HKNOQ7 Data: LHeC ~
o:l gl e ol g ol ] 1......I: 0:| ! el el Lol L1 ------I:
10° 10" 10° 102 10" 10° 10" 10° 102 10
X X

Fig 6.18 of LHEC CDR

® Rr> has good coverage with x and small
uncertainties
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FL at an EIC VS FL at LHeC

RPb(x 5 Gev2)

1.2

1

i
L
11111
|||||||
|||||||||||||||||||||||||||||||||||
|||||

0.8

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

* Rr2 has good coverage with x and small uncertainties

* Rr_ concentrated at low-x but large uncertainties
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HeC

FLatan EIC vs FL at L

1.2

1

(] I
11111111
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at
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0.4 meee FGS10
- e nDS
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X

* Rr2 has good coverage with x and small uncertainties

* Rr_ concentrated at low-x but large uncertainties
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FL at

1.2

1

0.8

0.6

0.4

0.2

0
1

an EIC vs F_ at LHeC

1
"""""

(]
1]
‘‘‘‘‘‘‘
(]

"
al
'I-l'
"
wl

L
g !
||||||
||||||||||||||||||||||||||||||||||
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X

* Rr2 has good coverage with x and small uncertainties

* Rr_ concentrated at low-x but large uncertainties

= EIC data will provide constraints at higher x with smaller error bars
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Feasibility

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

e+Au:

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

Ored

Ored

o (2, Q%)

Ored

b X = 366x104

y2/y+

=
DAP
:e:-"\.
“wr

b X = 534x104

o
o X = =9.92x 10

y2/y+

y2/y+

Hard Probes 2013:

= F3'(z,Q%) —

Q2 = 1.389 GeV?

oy
Dy
DA P
whb
ey 3
R J

i::f X = 408x104

Ored

y2/y+

Ored

o

X = 631x104

y2/y+

Ored

?-
x_1389x104

l

y2/y+

macl@bnl.gov

Ored

Ored

Ored

RESY 2
ol 3
R 3
|
oap
tar

b X = 771 x 104

2

Y_|_FL(£E Q)

o 3
."L\
Y 4
el
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Feasibility o (x.@*) = F'@,Q*) - 5 Fi'(2.Q”)

Strategies: Q2 = 1.389 GeV/?

slope of y2/Y for different 0

s at fixed x & Q2 Fo .

e+Au: o | oo . .

20x50 - Afl_dt =2 b1 0.3 :—

20x75 - A_“_dt = 4 fb-1 0.2 ;—

20x100 - A[Ldt = 4 fb-1 3

running combined o & - . S

~6 months total running ” X °
(o) - -

(50 Yo eff) FL 2:: E_

statistical errors are 02 F

swamped by the 3% o1 e,

SyStematiC errors O.(: ;. .............................................................. ++ .......................................

03 E

Sl bl b |
e
-———

Will be dominated by I
systematics, but would 05 B ‘ X‘ —

need a full detector
simulation in order to

estimate them
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Feasibility o (x.@*) = F'@,Q*) - 5 Fi'(2.Q”)

Strategies: Q2 = 1.389 GeV/?
slope of y2/Y for different 0
s at fixed x & Q2 Fo ’
E Py,
e+Au: 04 F ¢ :
20x50 - AfLdt = 2 fb-1 s F
20x75 - A_“_dt = 4 fb-1 0.2 ;—
20x100 - A[Ldt = 4 fb- 3
running combined o & - . S
~6 months total running ” X °
(o) - -
(50 Yo eff) FL 2:: E_
statistical errors are 02 F
swamped by the 3% 0 _ PR * { {
SyStematiC errors O.(: ;. . ....................................
Will be dominated by ok !
systematics, but would e : .

need a full detector
simulation in order to
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Hard Probes 2013: macl@bnl.gov 35



mailto:macl@bnl.gov
mailto:macl@bnl.gov

2

Feasibility o (x.@*) = F'@,Q*) - 5 Fi'(2.Q”)

Strategies:
slope of y2/Y ., for different
s at fixed x & Q2 T 5
: @’ = 1.389 GeV?

e+Au: FL 08 3 +5 GeV Leptons
20x50 - AfLdt = 2 fb- 0.6 F ~10 GeV Leptons
20x75 - AfLdt = 4 fb- 0.4F +20 GeV Leptons
20x100 - AfLdt = 4 b :

. . 0.2
running combined : ’”H
~6 months total running R [
(50°/o eff) -0.2 _
statistical errors are -0.4F !
swamped by the 3% -06F
systematic errors 08k
Will be dominated by L '1'(')-3 S “1‘(')_2 S “1'(')-1
systematics, but would .

need a full detector
simulation in order to

estimate them
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Feasibility o (x.@*) = F'@,Q*) - 5 Fi'(2.Q”)

Strategies:
slope of y2/Y ., for different
s at fixed x & Q2 i 5
F. osk Q° = 1.389 GeV?

e+Au: g +5 GeV Leptons
20x50 - AfLdt = 2 fb- 0.6 F +10 GeV Leptons
20x75 - AfLdt = 4 fb-1 0.4F ~20 GeV Leptons
20x100 - AfLdt = 4 fb :

. . 0.2
running combined - ’,*H?*H
~6 months total running 0:" """""""""""""""" | ‘} 1
(50°/o eff) -0.2 _
statistical errors are -0.4F o3
swamped by the 3% -06F
systematic errors 08k
Will be dominated by L — “1'(')-3 S “1‘(')_2 S “1'(')-1
systematics, but would .

need a full detector
simulation in order to
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Feasibility o (x.@*) = F'@,Q*) - 5 Fi'(2.Q”)

Strategies:

slope of y2/Y ., for different

s at fixed x & Q2 i PP
: > _ 4 oV?

e+Au: FL 08 3 +5 GeV Leptons

20x50 - AfLdt = 2 fb- 0.6 ‘ +10 GeV Leptons

20x75 - AfLdt = 4 fb- 0.4F +20 GeV Leptons

20x100 - A[Ldt =4 b :

. . 0.2F :

running combined : ”H +H +H

~6 months total running S N B

(50°/o eff) -0.2 _ t

statistical errors are -0.4F o3

swamped by the 3% -06F

systematic errors 08k

Will be dominated by L — “1'(')_3 S “1‘(')_2 — “1'(')-1

systematics, but would x

need a full detector
simulation in order to

estimate them
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Electron beam evolution in eRHIC’s ERL

\ <
7.95 GeV 2. %
e

12.85 GeV

17.75 GeV

22.65 GeV

27.55 GeV

ERL.:
energy recovery
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Electron beam evolution in eRHIC’s ERL
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Electron beam evolution in eRHIC’s ERL
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Diffractive Events: Experimental Side

e

e How to identify

o diffractive events?
} X (My)

Largest rapidity
gap in event

P"p’

breakup of A

Xip

\

= 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
51100 Gov - DIS
Other particles (if any) 0.1 . ;8:1'88 gg¥ B:g
i — 30+100 GeV - DIS
"""" 2+100 GeV - Diff
-~ A — =~ ' T 364100 Gev - Dif
: i 008 || 0 e 20+100 GeV - Diff
Rapidity Gap - e 30+100 GeV - Diff
| v :
- ] I 0.06" DIS
ngﬁ;m 0 Tlﬁeam I
- - B
p/A direction e direction 0.04
Hermeticity requirement: | I Y :
. y q 0.02F -jl‘—lﬁ-;:_-,.'“D Iffra Ctlve
. needs just to detector presence : AT S,
. does not need momentum or PID : &F o el
. . O L1 1 Lo slsnht L1 L1 1 I e s - Y I 2 O | L1
* simulations: v/s not a show stopper for EIC 8 6 -4 -2 0 2 4 6 8
(can achieve 1% contamination, 80% efficiency) rapldity
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Detecting Nuclear Breakup

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

- . N
Focus on n emission e Additional measurements:

e Zero-Degree Calorimeter » Fragments via Roman Pots

. . ) v via EMC
e Requires careful design of IR

Traditional modelling done in

A (A, Z)
Intra-Nuclear Cascade
. Particle production
o Remnant Nucleus (A, Z, E*, ...) N| ... Excited nucleus
. ISABEL, INCL4 & CVroraen
. . n a |
De-Excitation 0
. Evaporation & R
. Fission
. Residual Nuclei
e  Gemini++, SMM,ABLA (all noY) ! Fission products "' Spallation residue
’ ’ a, B, y decays
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Experimental Reality

Here eRHIC IR layout: om  1045M
195m A0
</475m pel 25
1.Am
Need +X mrad opening through 1602 ot |l h beam
. o=
triplet for n and room for ZDC AR
19¢ = ZDC
4501 Al 95\10 mrad\ e beam
—e . ° ° .- . . -
Big questions: P , \ ] . o . \ .
= Excitation energy E*? beam
neutrons
= ep: do/My~ 1/My?
D=120 mm
= eA? Assume ep and use E*
=My - mp as lower limit
| theta distribution of neutrons at E* =500 MeV | hiSFOThetla500
@ 5¢ 12¢ Entries 1214828
5 E M 1.495
- o 50000 RMS  0.7983
] — N
-; : B [ theta distribution of neutrons at E* = 500 MeV | E:itsr::;rhetagggs
—- - 40000— = Mean 1.445
.8 25 ‘:' L oof RMS  0.8048
E - B 8ol
g - - 70F
20? 30000 60§ Geminit++
15E -
s 20000_— 302
10 N ?ZV
E 10000_ % 2 R S s 7 8
SE
: L T T TN AU SR S S
50 100 150 200 250 300 350 400 450 500
E* (MoV) s2( mrad 4|




Experimental Reality

 Here eRHIC IR layout: o gem e
” 0l 28
1.Am
e Need X mrad opening through 902 oo™ L h beam
triplet for n and room for ZDC N A b .
Skl 8310 mrad\
l ]\ e beam
e Big questions: P ] ) ) i 3 . ) .
= Excitation energy E*? beam
neutrons

= ep: do/My~ 1/My?

D=120 mm

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

Simulations using Gemini++ & SMM show it works:

® For E*.c = 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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