Studying the glue which binds
us all: the needs and
requirements for an et+A collider
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Talk Outline

* The role of glue in the World * The EIC machine concepts
« How to measure the gluon distributions | * Where we are and where we’re going
* ¢eA vs ep and the “Nuclear Oomph™ factor
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The role of Glue 1n Heavy-Ilon collisions

Jets (7 production): Lattice Gauge Theory:
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What do we know about gluons?

Glue and the QCD Lagrangian:

—/ . — a ]' a |4
Lgcp = q(in"0, — m)q — Q(QWMTCL(])AM - ZGWGZL

o >98% of all visible mass due to “emergent” phenomena not
evident from Lagrangian

- ¥SB & Colour Confinement
® Gluons

= Mediators of the strong interaction
= Determine essential features of QCD

» Asymptotic freedom from gluon loops

= Dominate structure of QCD vacuum (¥SB)

Action (~energy) density
fluctuations of gluon-fields

v 0 in QCD vacuum (2.4
= Quenched Lqcp gets hadron masses correct to ~ 10% S (e

Leinweber)
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Glue and the Lagrangian
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Glue and the Lagrangian

e Hard to “see” glue in the low-energy world
= Gluon degrees of freedom “missing” in hadronic spectrum

= (Constituent Quark Picture?

e From DIS:

= Drive the structure of baryonic matter already at medium-x

¢ (rucial players at RHIC and the LHC
= Drive the entropy
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Glue and the Lagrangian

e Hard to “see” glue in the low-energy world
= Gluon degrees of freedom “missing” in hadronic spectrum

= (Constituent Quark Picture?

e From DIS:

= Drive the structure of baryonic matter already at medium-x

¢ C(rucial players at RHIC and the LHC
= Drive the entropy

e What 1s the spatial and momentum distribution of gluons in nuclei/nucleons?
e What are the properties of high-density gluon matter?
e How do quarks and gluons interact as they traverse matter?

e What role do the gluons play 1n the spin structure of the nucleon?
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Glue and the Lagrangian

e Hard to “see” glue in the low-energy world
= Gluon degrees of freedom “missing” in hadronic spectrum

= (Constituent Quark Picture?

e From DIS:

= Drive the structure of baryonic matter already at medium-x

¢ C(rucial players at RHIC and the LHC
= Drive the entropy

e What 1s the spatial and momentum distribution of gluons in nuclei/nucleons?
e What are the properties of high-density gluon matter?
e How do quarks and gluons interact as they traverse matter?

e What role do the gluons play 1n the spin structure of the nucleon?

How do we get to the answers?
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Accessing the Glue - p+A vs et A

e Both et+A and p+A provide excellent F. Schilling, hep-ex/0209001
information on properties of gluons in the —

nuclear wave functions e = H1 fit-2 —+- CDF data
= v H1 fit-3 ES"? > 7 GeV
e Both are Complementary and offer the 100? ( Q%= 75 GeV? ) 0.035 < & < 0.095
opportunity to perform stringent checks of : t]<1.0 GeV?
factorization/universality =

10 |
e But: ;

= soft colour interactions between p '
and A before and after the primary ' ¢
interaction :

S 5 D i . ——
01k H1 2002 6,0 QCD Fit (prel.) N

L L l

0.1 1

B

Breakdown of factorization (e+p

7 5 HERA versus p+p Tevatron) seen
3 for diffractive final states.
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e+p/A - DIS Kinematics

_ 2 2 2 M f
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) r (9/ power or
e (k) et K QQ =4k, Ee San ( Ee) “Virtuality"
» v . ,
pPq b 2 9 Measure of
Y= ]E =1 Ee COS (?e) inelasticity
e
Measure of
QQ QQ momentum
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® Structure functions:

m F>(x,0°) = q and § momentum
distributions

m Fr(x,0°) = gluon momentum distribution
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e+p/A - DIS Kinematics

((l\ /) Q — _C] (k —k )2 Measure of

resolution
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QQ — 4E€E/ SinQ ( Ee) "Virtuality"
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—— (p,/) —_- — = — raction o
- g sy o
d206p—>eX 47’(’&2 y2 y2
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® Structure functions:

S iR e At No direct information on

distributions x, Q% from p+A colllisions !!
m Fr(x,0°) = gluon momentum distribution
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How to Measure the Glue 7
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How to Measur

Y
2

e the Glue ?
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How to Measure the Glue ?
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How to Measure the Glue ?

2 Important for RHIC and LHC: e

_d Ratios of gluon distribution functions for Pb/p versus x from different , )}
models at Q2 = 1.69 GeV?Z: c
= 3 7
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The problem with our current understanding

ZEUS

6 Q'=1GeV* 25GeV’
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The problem with our current understanding
® Using the Linear DGLAP evolution model: ZEUS

6 Q'=1GeV? 25GeV’

= Weird behaviour of xG at low-x and low (| mmmocey TR
Q? in HERA data N S

» xG goes negative !!

» xS > x@G, though sea quarks come from
gluon splitting ...
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The problem with our current understanding

® Using the Linear DGLAP evolution model:

= Weird behaviour of xG at low-x and low

Q? in HERA data
» xG goes negative !!
H1+ZEUS
» xS > x@, though sea quarks come from — . |
S0 2_ 2 H1 NLO-QCD Fit 2000
gluon splitting ... < 2 Q=20 Gev e o1 {1 v
5 FFN heavy-quark scheme
® More severe X 17.5 Q%=200 GeV? total uncert.
Bl exp. uncert.
15
: : . . 5 ZEUS NLO-QCD Fit
= [inear evolution has a built-in high- o Prel) 2001
14 29 . cante(1x)®
energy CataStrOp he RgT-VFN (r:ea:/y-quark scheme
FOR. : : 10 . uncert.
= xG has rapid rise with decreasing x (and M
increasing Q%) = violation of Froissart 7.5
unitarity bound -
5 ,
Q%=5 GeV? \ N\
» Must have saturation 25 \Q\\\
SN\
0”-4' R T R R T S i R
10 10 10 107
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The problem with our current understanding
® Using the Linear DGLAP evolution model:

= Weird behaviour of xG at low-x and low

Q? in HERA data
» xG goes negative !!
H1+ZEUS
» xS > x@, though sea quarks come from — . |
luon S httln e 20 Q%=20 GeV? H1 NLO-QCD Fit 2000
g p g P 5% xg=ax"+(1-x)" +(14d\x+ex)
5 FFN heavy-quark scheme
® More severe < AT 0?2200 GeV? total uncert
Bl exp. uncert.
15
: : . . 5 ZEUS NLO-QCD Fit
= [inecar evolution has a built-in high- o ireveral
(44 29 . =anc(1-x)°
energy C ataStrOphe RgT-VF N (r:ea:/y-quark scheme
FOR. : : 10 . uncert.
= xG has rapid rise with decreasing x (and M,
increasing Q%) = violation of Froissart 75
unitarity bound -
5 ,
: Q%<5 GeV? D \\\
» Must have saturation 25 TN

What’s the underlying dynamics?  °*  ©°® 102 10’y
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Non-linear QCD - Saturation

proton
N partons new partons emitted as energy increases
could be emitted off any of the N partons
BROOKHFIVEN : ;
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Non-linear QCD - Saturation

proton

e BFKL: evolution in x % . E n % L.

- lin ear N partons new partons emitted as energy increases
could be emitted off any of the N partons

p explosion in colour field at low-x

% A
Z saturation 5
N region In Qg(Y)
>-
=
O
g,’ BK/JIMWLK
m @
2
®
L
£ } BFKL
o)
Q.
c @ DGLAP
o E
=
% "In Q2
In A3ep n
(XS ~ 1 (Xs < 1
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Non-linear QCD - Saturation

proton

e BFKL: evolution in x :E . E _ :E LI

- line ar N partons any 2 partons can recombine into one

p explosion in colour field at low-x | Regimes of QCD Wave Function

® Non-linear BK/JIMWLK equations

Y =1In 1/x

= non-linearity = saturation

= characterised by the saturation
scale, Qs(x,A)

= arises naturally in the Colour
Glass Condensate (CGC) EFT
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Why study e+A 1nstead of

Enhancing Saturation Effects:

Scattering of electrons off nuclei:

Probes interact over distances

For L >2 R, ~ A' probe cannot distinguish between
nucleons in front or back of nuclei

= Probe interacts coherently with all nucleons

BROOKHIAVEN

iR e Winter Workshop 2009: macl@bnl.gov
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Why study e+A 1nstead of

Enhancing Saturation Effects:
Scattering of electrons off nuclei:
Probes interact over distances

For L
nuc

> 2 R, ~ Al probe cannot distinguish between
leons 1n front or back of nuclei

= Probe interacts coherently with all nucleons

A pro

P

be of transverse resolution 1/Q? (<< A’qcp) ~ 1 fm?

will experience large colour charge fluctuations. This

kick experienced in a random walk 1s the saturation scale.

Nﬁﬁ?&'ﬂ%’ﬂf& Winter Workshop 2009: macl@bnl.gov
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Why study e+A 1nstead of ¢+ ?

Enhancing Saturation Effects:
Scattering of electrons off nuclei:
Probes interact over distances

For L >2 R, ~ A3 probe cannot distinguish between
nucleons in front or back of nuclei

= Probe interacts coherently with all nucleons

A probe of transverse resolution 1/Q? (<< A%qcp) ~ 1 fm?
will experience large colour charge fluctuations. This
kick experienced in a random walk 1s the saturation scale.
2 Qs G(Jf, Qz) 1

Q5 x R, HERA : 2G 173 A dependence: zG4 x A

Nuclear “Oomph™ Factor:
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Why study e+A 1nstead of ¢+ ?

Enhancing Saturation Effects:
Scattering of electrons off nuclei:
Probes interact over distances

For L >2 R, ~ A' probe cannot distinguish between
nucleons in front or back of nuclei

= Probe interacts coherently with all nucleons

A probe of transverse resolution 1/Q? (<< A%qcp) ~ 1 fm?
will experience large colour charge fluctuations. This
kick experienced in a random walk 1s the saturation scale.
2 Qs G(aja Qg) 1

Q5 x R, HERA : 2G 173 A dependence: zG4 x A

Nuclear “Oomph™ Factor:

Enhancement of Qs with A: = non-linear QCD regime

reached at significantly lower

energy 1n €+A than in e+p
Nﬁﬁ?&'{ﬁ{;’ﬂf& Winter Workshop 2009: macl@bnl.gov 10
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The Nuclear “Oomph” factor

More sophisticated analyses = confirm (exceed) pocket formula

(e.g. Kowalski, Lappi and Venugopalan, PRL 100, 022303 (2008); Armesto et al., PRL
94:022002; Kowalski, Teaney, PRD 68:114005)

o Kowalski and Teaney /
% 10 |~ Phys.Rev.D68:114005,2003 A x9/4
O
N
NN
A
C 0.38 —
< 036 _—
= -
e
b o) ] /
TF N5 034
: [
: =
T 0.32
/»
/
1/1 P
75 100 125 150 175 200
A
0-1 LA lllllll Ll lllllll Ll lllllll L1 lllllll L llllllll L L L1l
2 3 4 5 6
10 10 10 10 10
1/x
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Key Measurements 1n et+A

® Momentum distribution of gluons xG(x,0?)
= Extract via scaling violation in F>: 0F2/0ln(Q?
= Direct measurement: Fz ~ xG(x,(0?) (requires Vs scan)
= 2+] jet rates
= Inelastic vector meson production (e.g. J/y)
= Diffractive vector meson production ~ /xG(x,0?)]?

Nﬁﬁﬁg'{g@gﬁ% Winter Workshop 2009: macl@bnl.gov
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Example of Key Measurements:

o, %) -

2 _ep—eX 2
d< o P Ao m. (1
dxd()? 1}@4
1.2
E(Q%: 13 24 38 57 95 17
1E o
X F
- 0.8
Q -
=
x 0.6
O = L
= Statistical errors for
0.42_ [Ldt =10 fo"! = 2 year running
E  LHG RHIC
0.2 : | | ] [ | >| | | | | 1 11 |
103 1072

X

HKM and FGS are "standard"

2

FL it as XG(X9Q2)
requires \'s scan, 0%/xs =y

Here:

|Ldt =4/A b1 (10+100) GeV
= 4/A fb-! (10+50) GeV
=2/A fb'! (5+50) GeV

statistical error only

shadowing parameterizations that are X Q2
evolved with DGLAP
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Example of Key Measurements:

d2 ep—eX y y
| F
dxd()? T ()4 2 (2, Q%) 2

H1 Preliminary medium & high Q
= L. Q' -12GeV’ |+ Q% -15GeV?

P A ', Q7 -20GeV® | °, Q- 25GeV* G( Q2)
~_ 1.5, N
N . M =Y F; ~ o, xG(x,

|
Q)
S
=
ek

|

IS

= :
2 N - \/ 2 o
- - » —__| requires Vs scan, Q“/xs =y
o Q -35GeV: | Qi-45GeV: | Qi-60GeV: | QFF90GeV
" ‘u\ A EY A
1: l\’ % 0\] "\ N .
. } 4 ’ k Here:
0.5}

oS | e | = - “* JLdt = 4/A fb! (10+100) GeV
1 it\ i *ts\ - j’,, : 7:!% = 4/A fh-! (10+50) GeV

- ..~ . = 2/A b (5+50) GeV

QF - 300 Gev? } Q?’-400GeV? | Q?-500GeV? | Qf - 650 GeV?

1.5F
' ' | 1 1
- _ G f T“w.\ : } | statistical error only
1 - sl - I N = s -t " b
1sf Q- 800 GeV? 10° 107 10" 107 107 10" 107 107 10"
' , B E,6=920GeV — o’ H1 PDF 2000
1} 5
: ? * E,=575GeV — o%° H1 PDF 2000
0.5F TN, - 160 2
i ® E, =460 GeV —— o' H1 PDF 2000 Xt
3 2 1
10° 10" 10 = = F, H1 PDF 2000

X X QZ
Preliminary Fr measurements
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Key Measurements 1n et+A

® Momentum distribution of gluons G(x,0?)
= Extract via scaling violation in F>: 0F2/0ln(Q?
= Direct measurement: Fz ~ xG(x,(0?) (requires Vs scan)
= 2+] jet rates
= Inelastic vector meson production (e.g. J/y)
= Diffractive vector meson production ~ /xG(x,0?)]?

Nﬁﬁﬁg'{g@gﬁ% Winter Workshop 2009: macl@bnl.gov
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Key Measurements 1n et+A

® Space-time distributions of gluons in matter

= Exclusive final states (e.g. vector meson production p, J/y)
= Deep Virtual Compton Scattering (DVCS) - o ~ A%
= [F, Iy for various A and impact parameter dependence

Nﬁﬁ?glfgﬁg!ﬁ Winter Workshop 2009: macl@bnl.gov
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Key Measurements 1n et+A

® Interaction of fast probes with gluonic medium?
= Hadronization, Fragmentation
= Energy loss (charm, bottom!)

Nﬁﬁ?&'ﬂ@ﬂf& Winter Workshop 2009: macl@bnl.gov

|4

Monday, 13 April 2009



Hadronization and Energy Loss

hI hI
[ cold nuclear '

!

hot nuclear
matter
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Hadronization and Energy Loss
nDIS: :

h

e Clean measurement 1n ‘cold’ nuclear Eadncclen
matter
hot nuclear
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Hadronization and Energy Loss
nDIS: :

e Clean measurement in ‘cold’ nuclear
matter

h

cold nuclear
/ matter

e Suppression of high-pr hadrons

hot nucléar
matter
analogous but weaker than at RHIC
-t
o I A .
i x 2 xz S 1
= o iy He 1
- @ ol
¢ o -0
! D
" » Ne ™\
BR= 08| “ d
e %
E e o
| HERMES
| Krfinal Kr ¢ 1
He, Ne prelim.
06~ — absorption i
energy loss }
1Of21 | l0%41 1 101.6l l l01.8l - 1
7y — Eh/\/ Zh
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Hadronization and Energy Loss

nDIS: ;

e Clean measurement in ‘cold’ nuclear
matter

h

cold nuclear
/ matter

e Suppression of high-pr hadrons
analogous but weaker than at RHIC

hot nucléar
matter

/| A I
. ; | I ——— — i e g
Fundamental question: bw) B, A I
. = A—
When do coloured partons get neutralized? "% e o Tpun
: e T
&z o8} T S o
14 %
Parton energy loss vs. e AR
(pre)hadron absorption | Krfinal U DY
i He, Ne prelim. i
Energy transfer in lab rest frame: = | PR 222?5?:82 5 o
EIC: 10 <v <1600 GeV HERMES: 2-25 GeV ettt
EIC: can measure heavy flavour energy loss z, = E,/v Zy,
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Hadronization and Energy Loss

nDIS: ;

e Clean measurement in ‘cold’ nuclear
matter

h

cold nuclear
/ matter

e Suppression of high-pr hadrons
analogous but weaker than at RHIC

hot nucléar
matter

/| A I
. ; | I ——— — i e g
Fundamental question: bw) B, A I
. = A—
When do coloured partons get neutralized? "% e o Tpun
: e T
&z o8} T S o
14 %
Parton energy loss vs. e AR
(pre)hadron absorption | Krfinal U DY
i He, Ne prelim. i
Energy transfer in lab rest frame: = | PR 222?5?:82 5 o
EIC: 10 <v <1600 GeV HERMES: 2-25 GeV ettt
EIC: can measure heavy flavour energy loss z, = E,/v Zy,
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Hadronization and Energy Loss
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Hadronization and Energy Loss

10°

— 4}4}4}:{#4}4}14}{#4}:4}4}!4}4}{#{#{#4}4}4}{H]:t‘.}ﬂ.}{h{hd}:{h%{ad}-?
- IIIIIIIIIIIIIIIIIIIIIllliial
- , ] A 6<Nu<12
[ 000000000000 OO OOOOOOODS
— VVVVYVVVVVVV:VVYV! v 12 < Nu < 17
[ AAAAAAAAAAAA?
— e 17 <Nu<235
: T T
— < <
_i 3 33}1} m 23.5<Nu <50
: 111
— T T v < <
R v ¥ #11§ = 50 <Nu <380
— 1! itl 1
-, o 1 : 900 < Nu < 1100
— A 4 1

l 1 1 1 Illlll 1 1 1 l]llll 1 1 1 | I N -
1 10 Q2 10°
E l‘.}ll‘.}ld}l'1}”‘.}4}1l{.‘”‘.}{.‘l4}“‘.}={hl{h#%##%#%ﬂl#%%#ﬁﬁ######ﬁﬂ%%"
:—IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII*
[ .....................l.............ééa
:—VVVVVVVV'VVVVVVVVVVV'VVVV"VV'VVVV'Y??
[ AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA;E;?
- 3 :
— T
- i g b4 ® é '[
- 4 Y v . s
L A 'I' L v T T
| 1 A ! \ 4 ? T
— 1 A i - v 1
— - A v
[ L T 1
- t )
— 1 1 1 1 I 1 1 1 1 I 1 1 L 1 I | I I — I 1 1 1 1 ] 1 1 1 1 I 1 1 1 1 I L Ifl
2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

1
+
R =2
¥ 0.8
0.6

7y — Eh/\/

Winter Workshop 2009: macl@bnl.gov

cold nuclear

- matter
hot nuclévvvér
matter
- 7t_{,, }
ey & 2 xz S 1
= - ) He 1
- @ o
@ © o D
E D,
» Ne ~ .
. e i
! ¢ 3 *
HERMES
| Krfinal Kr i \
He, Ne prelim.
[ — absorption i
E energy loss }
(I T S S LN S Nl MG R S SN S N R e R |
0.2 0.4 0.6 0.8 1

Zp

Monday, 13 April 2009



Charm at an EIC

o - -
o o N & OO O N

do/Aldp,. (nb/GeV)
o
>

o o
N OB

T™r

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv
I 1 1 | 1 I I | e
-

EIC eA: D —nD—Kn -
L=5/A fb', Vs=63GeV BR(D— Kn)=3.8%

—

bkaPPP}P}}PIIIIIE

HERA ep:
L=50pb~', Vs=297GeV

do/A/dn (nb)

14F

12f

do/A/dlog(x) (nb)

]
sennniil —1
B

do/Aldlog(Q?) (nb)

© © o ©
N &S OO OO a4 N B

35 2 253
log(Q?)

e EIC: allows multi-differential measurements of heavy flavour

® covers and extends energy range of SLAC, EMC, HERA, and JLAB

allowing for the study of wide range of formation lengths
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Key Measurements 1n et+A

® Momentum distribution of gluons G(x,0?)
= Extract via scaling violation in F2.: 0F2/0ln(Q?
= Direct measurement: Fy ~ xG(x,0?) (requires \'s scan)
= 2+1 jet rates
= Inelastic vector meson production (e.g. J/y)
= Diffractive vector meson production ~ [xG(x,(0?)]?
® Space-time distributions of gluons in matter
= Exclusive final states (e.g. vector meson production p, J/y)
= Deep Virtual Compton Scattering (DVCS) - o ~ A%
= [, F} for various A and impact parameter dependence

® Interaction of fast probes with gluonic medium?
= Hadronization, Fragmentation

= Energy loss (charm!)
® Role of colour neutral excitations (Pomerons)

= Diffractive cross-section oui/oo (HERA/ep: 10% , EIC/eA: 30%7?)
= Diffractive structure functions and vector meson production
= Abundance and distribution of rapidity gaps

Nﬁﬁ?glfgﬁ‘!ﬁ% Winter Workshop 2009: macl@bnl.gov
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Key Measurements 1n et+A

® Momentum distribution of gluons G(x,0?)

= Extract via scaling violation in F>: 0F>/0InQ-

Direct measurement: Fy ~ xG(x,0?) (requires \'s scan)

2+1 jet rates

Inelastic vector meson production (e.g. J/y)

Diffractive vector meson production ~ /[xG(x,0?)/?

® Space-time distributions of gluons in matter
= Exclusive final states (e.g. vector meson production p, J/y)
= Deep Virtual Compton Scattering (DVCS) - o ~ A3
= [, F for various A and impact parameter dependence

® Interaction of fast probes with gluonic medium?
= Hadronization, Fragmentation

= Energy loss (charm!)
® Role of colour neutral excitations (Pomerons)

= Diffractive cross-section oui/oo (HERA/ep: 10% , EIC/eA: 30%7?)
= Diffractive structure functions and vector meson production
= Abundance and distribution of rapidity gaps

)
)
)
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Key Measurements 1n et+A

® Role of colour neutral excitations (Pomerons)
= Diffractive cross-section oui/oo (HERA/ep: 10% , EIC/eA: 30%7?)
= Diffractive structure functions and vector meson production
= Abundance and distribution of rapidity gaps
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Diffractive Physics in etA

‘Standard DIS event’ £
¢ (I\.u'
v E,
c(kH) 0
:"73_‘? Y @)

‘ X P,

>
l’(p“)
Activity 1n proton direction
Nﬁﬁ?&'ﬂ%’ﬂf& Winter Workshop 2009: macl@bnl.gov
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Diffractive Physws in etA

Diffractive event f

k'
electron /
k >

%q@/w My

e

P —\ —
proton, nuclei

e HERA/ep: 15% of all events are hard diffractive L .
Activity 1n proton direction

® DiffraCtiVe CI'OSS-SCCtiOIl Odlff/OtOt in €+A ? 06 LI IIIHI] T 1 IIIIII[ T 1 IIIIII] T T TTTTN
= Predictions: ~25-40%"7? 05l————— - ——————— —
= - .
=04~ —
o V=
=
©
5 0.3
: : 022
Curves: Kugeratski, Goncalves, Q=1 1
Navarra, EPJ C46, 413 0.1 EEERETIT BRI R TTTT BN SR
-4 -3 -2 -1
lO 10 10 10 10
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Diffractive Physws in etA

Diffractive event f

k'
electron /
k >

%q@/w My

e

2] ge |
p_ - \l/.. momentum transfer:
proton, nuclei  p» t = (P-P’)?

e HERA/ep: 15% of all events are hard diffractive
e Diffractive cross-section O /Oy, 1N €+A ?

= Predictions: ~25-40%"7?
e ook inside the “Pomeron™

Activity 1n proton direction

= Diffractive structure functions
= Exclusive Diffractive vector meson production: do/dz ~ [xG(x,Q?)]? !!
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Diffractive Physic

1.05 | l]llﬂl | 1] l]”ﬂl | N3 | IIII"I LR ALL
Diffractive event [ F'C (10FI00Gev) = =]
p Curves: Kugeratski, Goncalves,| Ldt = 5/A, fb™ and 5/A; fb -
/ Navarra, EPJ C46, 413 .
100 [-=-=======-=-
K eleciron L Q =
252‘7 v < [ B=0.062 -
,, @ A o —_ xip = mom. fraction of )
fan —~ o —~
v \ N pomeron w.r.t. hadron
" 4 'l gap g 02 [ =
pPp——_/ .  momentum transfer: £ 3 . .
proton, nuclei P [ (P—P’)2 UCE( | _
e HERA/ep: 15% of all events are hard diffractive  015——__ _ Au(linear evolution) —
e Diffractive cross-section O /Oy, 1N €+A ? . Sk S
- Au (saturation model) ~
= Predictions: ~25-40%" : -
A . o o 99 0.1 mlllllll | lllllll L1 Liiiu
e [ ook inside the “Pomeron 6% g 102 T ag
. . . X
= Diffractive structure functions 5
= Exclusive Diffractive vector meson production: do/dz ~ [xG(x,Q?)]? !!
e Distinguish between linear evolution and saturation models
Nﬁﬁ?glfgﬁg!ﬁ( Winter Workshop 2009: macl@bnl.gov |9
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Diffractive Physics 1

n et+A
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Diffractive Physics at an EIC

Q’ (GeV?)

Q’ (GeV?)

Generated 10° e+p events using RAPGAP

for a variety of proposed EIC energies

108

10 -

10"

10°

10°

10 |

10"
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Diffractive Physics at an EIC

e Significant coverage in x-Q?

= 1ncreases by ~ order of magnitude

over EIC energies

BROOKHIAVEN

NATIONAL LABORATORY

Q’ (GeV?)

Q’ (GeV’)

Generated 10° e+p events using RAPGAP
for a variety of proposed EIC energies

1025

10 -

_ e+p: RAPGAP
2+100 GeV

10"
1

10°

10 |

10"

0-5

e+p: RAPGAP
30+100 GeV

.

10
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Diffractive Physics at an EIC

e Significant coverage in x-Q?

, , Generated 10° e+p events using RAPGAP
= increases by ~ order of magnitude ¢, variety of proposed EIC energies

over EIC energies

. } . e+p: RAPGAP: MFP in Event
e Plotted the distribution of the Most | 2+100 GeV’ - DI
Forward Particle in the event for  o.1f — é§i§§ §§§i§
° ° B + e -
DIS and Difiractive events e 24100 Gev - Dif
o 0.08 - 777 104100 Gev - Diff
= significant gap between two aad| 30+100 Gev - Dif
classes of events _
0.06-
0.041
0.021 Hom,
[k R
O L1 I .l,ﬁ'i';;%| | [ | I.-I"-J---"l-:--r-l:-l-"-l J [ | L1 |
8 6 -4 2 0 2 4 6 8
rapidity
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Diffractive Physics at an EIC

e Significant coverage in x-Q?
Generated 0% e+p events using RAPGAP

= increases by ~ order of magnitude for a variety of proposed EIC energies

over EIC energies

e Plotted the distribution of the Most 10_1? — oo
Forward Particle in the event for ol DIS:Diff - 90:10
DIS and Diffractive events -
= significant gap between two 1073 —

classes of events _
e Reproduce well the “ZEUS” plot 10“‘;‘

|

8 6 -4 2 0 2 4 6 8
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Diffractive Physics at an EIC

e Significant coverage in x-Q?
Effic: frac of Diff events out of all Diff events

= 1ncreases by ~ order of magnitude Purity: frac. Diff events out of all events

over EIC energies

e Plotted the distribution of the Most
Forward Particle in the event for _
DIS and Diftfractive events 0.8

1 I ::;i:_-. ‘h\“‘--—-----------------T____:___:.:.:____I--:::
thifs = 1 ' 1 ' n'

= il : 1 it : ||:

1 [] L . n

e+p: RAPGAP
----- 2+100 GeV - Purity
----- 5+100 GeV - Purity
----- 10+100 GeV - Purity
----- 204100 GeV - Purity
----- 30+100 GeV - Purity
—— 2+100 GeV - Efficiency
—— 5+100 GeV - Efficiency
—— 104100 GeV - Efficiency

= significant gap between two _
classes of events 0.6

e Reproduce well the “ZEUS” plot

—— 20+100 GeV - Efficiency
—— 30+100 GeV - Efficiency

4 . 0.4
e [Important - plot the efficiency vs :
purity ﬁ
. e 0.2
= Can place a cut in rapidity for :
~90% efficiency and ~90% ﬁ .
o III|IJ"-J."£::|III|III|I .:I:|EIEiEI|III
purity !! %8 6 4 2 0 2 4 6 8
rapidity
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Diffractive Physics at an EIC - Acceptance

Effic: frac of Diff events out of all Diff events
Purity: frac. Diff events out of all events

1 |
e+p: RAPGAP
- 2+100 GeV
0.8 : -==-- Purity - 1:1
. - ---- Purity - 66:34
| ----- Purity - 90:10
L E —— Efficiency - 1:1
06 — § —— Efficiency - 66:34
B é —— Efficiency - 90:10
0.4
0.2
O III|L-§|.':.:'i':|I;II|III|I I§|III|III|III
-8 -6 -4 -2 0) 2 4 6 8
rapidity
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Diffractive Physics at an EIC - Acceptance

e ZEUS had a gap 1n detector
coverage (acceptance) of ~ 3 units.

e Studied this effect in the MFP

Effic: frac of Diff events out of all Diff events
Purity: frac. Diff events out of all events

. . . . 1
distribution for EIC energies: -
e+p: RAPGAP
- 2+100 GeV
0.8 é -==-- Purity - 1:1
. - - - Purity - 66:34
i ' ----- Purity - 90:10
- E —— Efficiency - 1:1
06 — § —— Efficiency - 66:34
B é —— Efficiency - 90:10
0.4
0.2
O I | L-gu.‘l'.:'i'5| I;I | | [ | | I§| L1 1 | I | L1l
-8 6 -4 -2 0 2 4 6 8
rapidity
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Diffractive Physics at an EIC - Acceptance

e ZEUS had a gap 1n detector
coverage (acceptance) of ~ 3 units.

e Studied this effect in the MFP

Effic: frac of Diff events out of all Diff events
Purity: frac. Diff events out of all events

. . . . 1+
distribution for EIC energies: -
o Keeping the 90% Purity level has T
. 0.8 i ----- Purity - 1:1
the following eftect: _ ey o008
0.6 — Efficiency - 6;3:34
0.4
0.2
O III|L-§|.‘:.:.i'E|I;II|III|I I§|III|III|III
8 6 -4 -2 0 2 4 6 8
rapidity
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Diffractive Physics at an EIC - Acceptance

e ZEUS had a gap 1n detector
coverage (acceptance) of ~ 3 units.

e Studied this effect in the MFP

Effic: frac of Diff events out of all Diff events
Purity: frac. Diff events out of all events

distribution for EIC energies: -
e Keeping the 90% Purity level has -
. 0.8 ----- Purity - 1:1
the following eftect: _
® | unit cut in rapidity oal o
= Efficiency falls by factor of 2, j TR
rapidity moves 2 units to right -
0.4
0.2
O_I | | | | | I | 1 1 | L1 1
8 -6 2 4 6 8
rapidity
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Diffractive Physics at an EIC - Acceptance

e ZEUS had a gap 1n detector
coverage (acceptance) of ~ 3 units.

e Studied this effect in the MFP
distribution for EIC energies:

Effic: frac of Diff events out of all Diff events
Purity: frac. Diff events out of all events

|
1
1+ LI
.":r' wat 'I": 17,
il B ety
- M '-: ]
" [}

g

e+p: RAPGAP

2+100 GeV

e Keeping the 90% Purity level has

the following effect: |
® | unit cut in rapidity el | 5:;:::2&;;34
= FEfficiency falls by factor of 2, : I
rapidity moves 2 units to right -
0.4F

® 2 unit cut in rapidity

= FEfficiency falls by a factor of 4, 000
rapidity cut moves farther to right !!

8 -6 4 2 4 6 8
rapidity
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Diffractive Physics at an EIC - Acceptance

e ZEUS had a gap 1n detector
coverage (acceptance) of ~ 3 units.

e Studied this effect in the MFP
distribution for EIC energies:

o Keeping the 90% Purity level has
the following effect:

® | unit cut 1n rapidity

= Efficiency falls by factor of 2,
rapidity moves 2 units to right

® 2 unit cut in rapidity

= Efficiency falls by a factor of 4,
rapidity cut moves farther to right !!

® When designing a detector, it 1s essential
to be as hermetic as possible !!!
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Effic: frac of Diff events out of all Diff events
Purity: frac. Diff events out of all events
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Requirements for an Electron Ion Collider

_ Well mapped in e+p
N% 10*E 7] NMC
© BCDMS
Re; I E665
103E SLAC
: CCFR
I - ZEUS BPC 1995 /
102 [ ZEUS SVTX 1995 G
E B H1 SVTX 1995
L[] HERA 1994
10 | HERA 1993
1 -
10" -
C ronl rnl 1 il | |
10°  10° 10" 10° 10% 107 1
X
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Requirements for an Electron Ion Collider

Well mapped 1n e+p
N% 10*E 7] NMC
Q £ [ BCDMS Not so for {+A (v+A)
o | E665 e many with small A
107 [ stac e low statistics
: CCFR
| "
102} /i
: )
/
I P /
1 |
Al
10 E
Lol L | L 1ol | |
10°  10°  10* 107 107 107 1
X
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Requirements for an Electron Ion Collider

Well mapped in e+p
< |
3 1045_ /] NMC
Q £ I BCDMS Not so for £+A (v+A)
O | [ Eess e many with small A
1031 SLAC L
: PR * low statistics
,| EIC e+Au ;
107¢ 20 GeV + 100 GeV/n 4

e 7 Electron lon Collider:

— — — 10 GeV +100 GeV/n
------ 9 GeV + 90 GeV/n

e /(EIC)>100 x L(HERA)
e Electrons

- E.=3-20GeV

- polarized

e Hadron Beams
N E— - EAo =100 GeV

x -A =p—=U

- polarized p & light ions
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Requirements for an Electron Ion Collider

N% 10*E 7] NMC
© BCDMS
o I E665
103k SLAC
: CCFR

.| EIC et+Au

10 3 20 GeV + 100 GeV/n
L — —— 10 GeV +100 GeVi/n
R — 9 GeV + 90 GeV/n
10 3

Terra incognita: small-x, Q = Qq

BROOKHIAVEN

NATIONAL LABORATORY

high-x, Iarge Q2
Winter Workshop 2009: macl@bnl.gov 22
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Not so for £+A (v+A)
e many with small A

e l[ow statistics

Electron lon Collider:

e /(EIC)>100 x L(HERA)
e Electrons

- E.=3-20GeV

- polarized

e Hadron Beams
- EAo =100 GeV
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- polarized p & light ions
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Requirements for an Electron Ion Collider

N/\

% 10*E EIC e+Au

O 20 GeV + 100 GeV/n
O [ — — 10 GeV +100 GeV/n

103k ------ 9 GeV + 90 GeV/n

Terra incognita: small-x, Q = Qq
£ 2
BROOKHIAEN X, Iarge Q

Well mapped in etp

Not so for £+A (v+A)
e many with small A

e l[ow statistics

Electron lon Collider:

e /(EIC)>100 x L(HERA)
e Electrons

- E.=3-20GeV

- polarized

e Hadron Beams
- EAo =100 GeV

= ==l
- polarized p & light ions
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Requirements for an Electron Ion Collider

10 _:P ———————————————————————————————————————————————————————
______ arton. as-r
TR
O
S e e
AN
e,
o4 sl
ola OING
2
AQCD
Confinement Regime
200 735 AR AR
40,7 1073 107 10°
A 10
X
Terra incognita:  small-x, Q = Q,
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high-x, large Q2
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Well mapped in etp

Not so for £+A (v+A)
e many with small A

e [ow statistics

Electron lon Collider:

e /(EIC)>100 x L(HERA)
e Electrons

- E.=3-20GeV

- polarized

e Hadron Beams
- EAo =100 GeV

SE =Pl
- polarized p & light ions
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EIC Collider concepts

¢eRHIC (RHIC/BNL):

Add Energy Recovery Linac
E.=10(20) GeV

E, =100 GeV (up to U)

Vs = 63 (90) GeV

L.a, (peak)n ~2.9-1033 cm? s°!

New EIC Detector

/ A.\\ e-cooling

RHIC/eRHIC

Energy-Recovery Linac
PHENIX (3.9 GeV/pass)

5 GeV et
storage ring

Low energy e-beam pass Four e-beam passes

Nﬁﬁﬁg'{gﬁ-‘gﬁ% Winter Workshop 2009: macl@bnl.gov
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EIC Colhder concepts

eRHIC (RHIC/BNL): . ELIC (CEBAF/JLAB):
Add Energy Recovery Linac L AGE ek irer e
Ee =10 (20) GeV E. =9 GeV
E, =100 GeV (up to U) E, =90 GeV (up to Au)
Vsen = 63 (90) GeV L Vs, =57 GeV
LAy (peak)/n ~2.9-1033 cm2 s-! L., (peak)/n ~ 1.6:103 cm?2 s-!
: Electron - &
New EIC Detector Coollng f ' Snak
/ A.\\ e-cooling IR //‘::4:»\\' e
i X Y, C
RHIC/eRHIC | -.

Energy-Recovery Linac /
PHENIX (3.9 GeV/pass) Snake . /
':i/

5GeVet = 2
storage ring : k 7

Low energy e-beam pass Four e-beam passes & [
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Staged Approach to an EIC (MEelC)
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Staged Approach to an EIC (MEelC)

® () Is it possible to build an EIC 1n stages

= Must be driven by physics considerations, re-usable in main EIC

= Must be low cost ~$100m
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Staged Approach to an EIC (MEelC)

IR2 area

Main ERLs; 6 cryostats x 6 cavities x 18.1 Mev/cav = 0.652 MeV per linac

B W S
_— J%ﬂl—__’ B | E—( I ‘ﬂ—\

N

—o— | = = |
' DU, QT,QZ,Q3 ! \ e s W s
I | .
i T T | - [
%rculating Dasses: 3 recirculating passes:

0.74, 2.05, 3.35 GeV

1.39 and 2.70 GeV

Polarize(/ \ _l

Electron 10 MeV
Source

Beam

Linac Dump

® () Is 1t possible to build an EIC 1n stages
= Must be driven by physics considerations, re-usable in main EIC
= Must be low cost ~$100m

® 4 GeV electrons with warm magnets (< 27T)

= requires some (small) tunnel reconstruction
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Staged Approach to an EIC (MEelC)

Scale1"=6m

2 rechrouiating passe Y resiresiatie e T v. C Scalel"z3m
1.39 and 2. 20KGeV . ol e 0.74, 2.05, 3.356eV l - p
mitenes Detector side mssimme. op View Close-U
' 153m
!
- —
: e W e
‘ B e
Q5 A T P =
—
——
Rt
.~w‘.?' ol ot
g
7’(-« ,“", ‘“7
(] | s » 5
] 164015 an
L% L]

® () Is it possible to build an EIC 1n stages

= Must be driven by physics considerations, re-usable in main EIC

= Must be low cost ~$100m
® 4 GeV electrons with warm magnets (< 2T)

= requires some (small) tunnel reconstruction
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Status of the EIC Project:

e The Electron Ion Collider (EIC) White
Paper

Available at: e The GPD/DVCS White Paper

« NSAC LRP2007 home page * Position Paper: e+A Physics at an
Electron Ion Collider

* Rutgers Town Meeting page  « The eRHIC machine: Accelerator
Position Paper

» http://web.mit.edu/eicc ELIC ZDR Draft

A ngh Luminos“‘y,’ ngh En Badebes (he 80 aank and ches srnctme of e aesin l'h}~>~~(\T;'\]:‘-:t‘.mitw\ Zero"-Order Design Report
Dcons settuiis 5 sooost sl o et -~.~‘~.l"\.'lu~nr.x~ for the
atan Electron-Light lon Collider
Electron lon Collider at CEBAF
. o o
. view e | sy
T'he Electrom [on Colider Wogking Grosp
Apnl 34, 2003 . ewen, L. Movmiage, V. Dhang
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What 1s happening now

e EIC “Collaboration” formed in 2007

= Bi-Annual collaboration meetings
» Last meeting, 11t - 13t December, 2008, LBNL
» Next meeting, May 2009, GSI
o INT

= Week long workshop - October 2009
= 3-month programme just approved - Autumn 2010
® c¢+A working group
= (Convenors: T. Ullrich, D. Morrison, R. Venugopalan, V. Guzey
= bi-weekly meetings at BNL + phone bridge

» http://www.eic.bnl.gov/ for details (and previous seminars)
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What 1s happening now - €A notes

In the process of composing eA “EIC notes” linking theory,
experiment and simulations on distinct topics
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What 1s happening now - €A notes

In the process of composing eA “EIC notes” linking theory,
experiment and simulations on distinct topics

Diffraction

Diffraction = e+ A collisions with the ENC
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In the moders strong lmeesction thoory of Quen

Adrrect 4o be added

latrodutea

IL ABtwint saturstion pictare of dffraction
m wacks 3
A Comparon 1o BENA deaa
B The mackar dffractive wrecvers bmcticn 7
HIL Leading-twat suchoar shadowing sad
coberent diffraction m DES with secke

IV. Kinematios of Diffenctive Events

V. Koy Mosswrvsnnntsa 3
VL Dvtection of INSnnctive Events ‘

A Overview of Methods '
T P vy r— ;
Lageler Divrpeace of the Deass

3 Meonmwng Sonl Satiorian Anls )

1 Nanting Fwwrl Spetraneton of

Redewnece ke FIC

. tem ClovaDysasics (QUUL the dmplee moded of
Large Rapidey Cop (LRC) Monhod " A
Y N e B3 ° Possocn sucheage & thae of & coborles combination
vy Broaig aad bnpSoatices for { vou ghun, snd of ohih inbvilelly cuvion cube
VIL S v theege I greersl, dfieusive evmts probe the o
LAl e o » o~ 2
2 Te e o Eractive Frvrnts uy P semtan of ke QOO vaowm (hat omtainn cdr

rk conde

N il =

ow gheon wad v Borwase the ‘l'l..

B Accoprasce Cosarng
Reproducsbibty of HERA Plos n

bocnuse much of poevicenly

soded wrag mervtcs phenomenciogy ot weh wh

VIIL Detector and Machine Regs - < (s o pesidaior cnbrasnlog d durtie o
QCT) rewmn vhamns

1X. Sesmsnary b3 Sumdhoact progross cas be achiesed throaght the wady
§ hard diloctioe wwwnitn st ulller vaghon. These ol
P i 2 ow e W mady Madros Saal i vk lvsec s
e b e e e s baverstdd () i arni o wale
200 MeV. By the wncortam gl oA qease em
L INTHOODUCTON v bare s e vests therdoer jeave el
edghe mao the shory dtasce srecvare of the QUU v
The phescasace of dffracricn b haller w w bon —

A QOO dagrem of & deacton oot » shown »

mayy arves of phywo wd » proerally sadorwood w e

Suss e custrective of detoactive atarbaovice f swws P 2 1t ca be vieml pooncn et frame s
| N N T R ———————— e S e T b vievmbty (F and
ot e s i g 1 B e g intewanin, Bl gy o, that scbeeguently splts m0o o queark wsi
e rvrves havr bog heww mtmemasd o rmbing e ponh o gham dognde ddew wevr pu ot lgede adigwn
scusoring of web-atcmmic wane prckots vie the cachange of L e ades bnadde Thowe dipuden tenact cluoestly
o chéert calied the Posnrs (named aher she Remms - he hadeom gt v o e rvhangs T
phyicin buac Posmesnchel | that curies the quascam  Spre dopicw ths @ & coborlow ghaon lndder, which

dcwwod previowly, o & segle model of Pomeros o

targ

T aver the sgemnd = regeloy hedores U digude amd

BROOKHFIVEN Winter Workshop 2009: macl@bnl.gov

NATIONAL LABORATORY

Monday, 13 April 2009



What 1s happening now - €A notes

In the process of composing eA “EIC notes” linking theory,
experiment and simulations on distinct topics

Diffraction adronization

Diffraction = e+ A collisions with the ENC
The o+ A Working Crowp
Deted Dualt Joswry & 2008
Adwtrnct 40 be added
[—.
Deatk 10 December 200K
L lstroducton
IL ABtwint sturstion pictare of dffeaction
m wacks 3 \\
A Comparion 1o BENA das ‘ W1\ \\\)
B The sachar diffiactive srecsess bcticn 7 m ” " Parton propagation and fragmentation
IIL Leading-twst sachoar shadowing sad 8! (he EIC
. /)
coberent dffractoon m DIS with secke ) . ) ‘ - ae
) AReno Accards'<, Rapha] Dupré®® and Kawtar Hafidy'~
IV. Kinematios of Difenctive Events ]
V. Koy M 3 Mampton Lnveraty, Hasspton, VA, 25588 USA
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What 1s happening now - €A notes

In the process of composing eA “EIC notes” linking theory,
experiment and simulations on distinct topics

Diffraction adronization Jets

Diffraction s e+ A collisions with the EN

The oo A Wrkiy Crop
Diated Dualt Jasny &, 2008
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Deatk 10 December 200K
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Summary

An EIC presents a unique opportunity in high energy nuclear physics
and precision QCD physics

et+A Polarized e+p
¢ Study the Physics of Strong Colour Fields ¢ Precisely image the sea-
e Establish (or not) the existence of the saturation quarks and gluons to
regime determine the spin, flavour
e Explore non-linear QCD and spatial structure of the
e Measure momentum & space-time of glue nucleon

¢ Study the nature of colour singlet excitations
(Pomerons)

¢ Test and study the limits of universality (€A vs. pA)

e Embraced by NSAC 1n Long Range PLan

e Recommendation of $30M for R&D over next 5 years
e EIC Long Term Goal - start construction in next decade
e Possibility of Staged Approach

e Cheap (no civil construction costs)

e Early time-scale for realisation (operation by ~2016)
e Cons - lower energy and luminosity than full design
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Charm at an EIC

o - -
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sennniil —1
B
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N &S OO OO a4 N B
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e EIC: allows multi-differential measurements of heavy flavour

® covers and extends energy range of SLAC, EMC, HERA, and JLAB

allowing for the study of wide range of formation lengths
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Experimental Aspects

10*L  EIC e+Au

e E N
C 20 GeV + 100 GeV/n 3y
[ ——— 10GeV +100 GeV/n pa
<) I vl
Ee 0 107 F 9 GeV'+ 90 GeVin 7 Lines of constant
- . g hadron angle
- 1 10° (n = 2.44)
102}
10 ¢
- z

Q? (GeVZ)

5° (m = 3.13)

2° (1 = 4.05)

Lines of constant
electron angle

177° (n =-3.64)

178° (n = -3.13)

179° (n = -4.74)
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Experimental Aspects

EM catcher calorimeter |
atz=-110cm

EM catcher calorim

atz=+110cm

Proton Hemisphere '.
EM and hadron calorimeter
end-wall at +360cm

| Positron Hemisphere

EM barrel calorimeter
covering z = £70cm

NA
. EM calorimeter end-wall at -360cm 8 0 g EIC e+Au
SN 20 GeV + 100 GeV/n
© [ — — — 10 GeV +100 GeV/n

103 ------ 9 GeV + 90 GeV/n

|. Abt, A. Caldwell, X. Liu, J. Sutiak, hep-ex 0407053

Concepts:

(a) Focus on the rear/forward acceptance and thus on low-x / high-x physics

Lines of constant

hadron angle
10° (n =2.44)

5° (m = 3.13)

2° (n = 4.05)

Lines of constant

electron angle
177° (n =-3.64)

178° (n = -3.13)

179° (n = -4.74)

- compact system of tracking and central electromagnetic calorimetry inside a magnetic
dipole field and calorimetric end-walls outside
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Experimental Aspects

| Positron Hemisphere N e L
» EM calorimeter end-wall at -360cm N e = NN\
EM barrel calorimeter o e
EM catcher calorimeter / -
atz=-110cm -

_______ R ) e e——
| SRR RN
Proton Hemisphere s S
EM and hadron calorimeter
end-wall at +360cm
|. Abt, A. Caldwell, X. Liu, J. Sutiak, hep-ex 0407053 J. Pasukonis, B.Surrow, physics/0608290

Concepts:

(a) Focus on the rear/forward acceptance and thus on low-x / high-x physics

- compact system of tracking and central electromagnetic calorimetry inside a magnetic
dipole field and calorimetric end-walls outside

(b) Focus on a wide acceptance detector system similar to HERA experiments
- allow for the maximum possible O range.
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EIC as an e+p machine - The Quest for AG
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Spin Structure of the Proton
2= AE+AG+L,+L,

quark contribution AX = 0.3

gluon contribution AG = 1+17?

AG: a “quotable” property of the proton
(like mass, charge)

Measure through scaling violation:

dg,
dlog(Q?)

x=1
AG = [ Ag(x,0%)dx
x=0

25 _Ag(xan)
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t dependence on lefractlve Physws
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t dependence on Diffractive Physics
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Connection to other fields

GPDs

QCD Theory o
Saturation;ﬂ}lodels Relat|V|St|C

Color Glass Condensate Heavy lon PhySiCS
Non-linearity, (RHIC, LHC & FAIR)

Confinement, Understanding
Valence <> Sea AdS/QCD of Initial Conditions,

Saturation, Energy Loss

Hadron Structure
(JLAB 12 GeV, RHIC-Spin)

ab initio
QCD Calculations :
& Computational N : Technology Frontier
Development Al Examples: beam cooling,
of Instrumentation )

Physics of Strong energy recovery linac,

Color Eields QCD CP Violation polarized electron source,
? superconducting RF

Background N
cavities
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The Nuclear “Oomph” factor

More sophisticated analyses = confirm (exceed) pocket formula

(e.g. Kowalski, Lappi and Venugopalan, PRL 100, 022303 (2008); Armesto et al., PRL
94:022002; Kowalski, Teaney, PRD 68:114005)

o Kowalski and Teaney
% 10 |- Phys.Rev.D68:114005,2003
2 | < 036 -
Nv © ! ////
C < 034 /
R P
© 0.32‘/
.// | »
1L . 75 100 125 150 175 200
: A
Models need to use realistic b-
' dependence for nuclel and nucleons
) I e P L . = b = 0 for proton # bmed
10° 10° 10° 10° 10°
1/x
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The Nuclear “Oomph” factor

More sophisticated analyses = confirm (exceed) pocket formula

(e.g. Kowalski, Lappi and Venugopalan, PRL 100, 022303 (2008); Armesto et al., PRL
94:022002; Kowalski, Teaney, PRD 68:114005)
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2007 NSAC Long Range Plan
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2007 NSAC Long Range Plan

FURTHERINTO THE FUTURE

Gluons and their interactions are critical to QCD. But
their properties and dynamics in matter remain largely
unexplored. Recent theoretical breakthroughs and experi-
mental results suggest that both nucleons and nuclei, when
viewed at high energies, appear as dense systems of gluons,
creating fields whose intensity may be the strongest allowed
in nature. The emerging science of this universal gluonic
matter drives the development of a next-generation facil-
ity, the high-luminosity Electron-Ion Collider (EIC). The
EIC’s ability to collide high-energy electron beams with
high-energy ion beams will provide access to those regions

in the nucleon and nuclei where their structure is dominated

BROOKHIAVEN

by gluons. Moreover, polarized beams in the EIC will give
unprecedented access to the spatial and spin structure of
gluons in the proton.

An EIC with polarized beams has been embraced by the
U.S. nuclear science community as embodying the vision
for reaching the next QCD frontier. EIC would provide
unique capabilities for the study of QCD well beyond those
available at existing facilities worldwide and complementary
to those planned for the next generation of accelerators in
Europe and Asia. While significant progress has been made
in developing concepts for an EIC, many open questions
remain. Realization of an EIC will require advancements in
accelerator science and technology, and detector research and
development. The nuclear science community has recognized
the importance of this future facility and makes the following

recommendation.
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2007 NSAC Long Range Plan

FURTHERINTO THE FUTURE by gluons. Moreover, polarized beams in the EIC will give

unprecedented access to the spatial and spin structure of

-~ « ® o . e -~ yl 5 1 h - .
Gluons and their interactions are critical to QCD. But gluons in the proton

hei . dd . i lareel An EIC with polarized beams has been embraced by the
FHCLE PrOpErties and cynamics in Matter remain fargely U.S. nuclear science community as embodying the vision

unexplored. Recent theoretical breakthroughs and experi- for reaching the next QCD frontier. EIC would provide

mental results suggest that both nucleons and nuclei, when unique capabilities for the study of QCD well beyond those
viewed at high energies, appear as dense systems of gluons, available at existing facilities worldwide and complementary
creating fields whose intensity may be the strongest allowed to those planned for the next generation of accelerators in

in nature. The emerging science of this universal g]u()nic Europe and Asia. While significant progress has been made

matter drives the development of a next-generation facil- in developing concepts for an EIC, many open questions

. . N .~ 115 " remain. Realization of an EIC will require advancements in

ity, the high-luminosity Electron-Ion Collider (EIC). The . 1

. - ) ) ) accelerator science and technology, and detector research and

EIC’s ability to collide high-energy electron beams with : . :
‘ development. The nuclear science community has recognized

high-energy ion beams will provide access to those regions the importance of this future facility and makes the following

in the nucleon and nuclei where their structure is dominated recommendation.

We recommend the allocation of resources to
develop accelerator and detector technology neces-
sary to lay the foundation for a polarized Electron-
Ion Collider. The EIC would explore the new QCD
frontier of strong color fields in nuclei and precisely

image the gluons in the proton.

Nﬁﬁ?glfgﬁ‘!ﬁ% Winter Workshop 2009: macl@bnl.gov

Monday, 13 April 2009



Diffractive Physics in et+A

® How to measure diffraction in e+A?
= Use HERA method of Large Rapidity Gaps
= [deal gap of ~7.7 at HERA units reduced to 3-4 due to
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Diffractive Physics in et+A

® How to measure diffraction in e+A?
= Use HERA method of Large Rapidity Gaps
= [deal gap of ~7.7 at HERA units reduced to 3-4 due to

STAR - UPC Collisions

® [ssues with measuring diffractive %
physics in e+A: 3" !’ coherent
. . : incoherent
= ¢ required for nucleus to break-up 1s 3z [}
small (~ 30 MeV/c2) S

= ¢ required for nucleus to be
measured in detector >> 30 MeV/c?

= To measure ¢ dependence, must
measure exclusive diffraction (e.g.
vector mesons - ¢ ~ pr?)

| | | | | | | | | | I | | | |
0 0.05 0.1 0.15 0.2 0.25 0.3
t, (GeV/c)?
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Status of the EIC Project:

A High Luminosity, High Energy

Electron-Ton-Collider

\
A New 1 :'.xpeanz/ Quest to Study the Glue

That Binds Us All

- /'//-—-h

The Electron Ion Collider Working Group
.‘\pl'll 24, 2007
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Status of the EIC Project:

|:~.1. \FT V1 10-JAN-0

e The Electron Ion Collider (EIC) White
Paper

Exploring the 3D guark and gluon structure of the proton:
Electron scattering with present and future facilities’

H. Abramowicz.! A. Afanasev.” H. Avakian,” M. Burkardt,® V. Burkert,” C. Munoz Camacho.,” A. Camson:
\. Deshpande,” F. Ellinghaus,” L. Elouadrhiri,* R. Ent,* M. Garcon.® G. Gavalian,” M. Guidal,'?
V. Guzes C. E. Hyde-Wright.” X.-D. Ji.,"* A. Levy.! S, Liuti." W. Melnitchouk.” R. Milner,'* Th GPD/D ‘ ; CS ‘ N ;h.t P
Ch. Monta D. Miiller.'® R. Nivazov,® B. Pasquini,’” S. Procureur,® A. Radyushkin,®* J. Roche,'™ ® e 1 e aper
F. Sabatie.® A. Sandacz.'” A. Schifer.'® M. Strikman.® M. Vanderhaeghen, " ¥ E. Voutier.”® and Ch. Weiss

i 5, v e Position Paper: e+A Physics at an
W i Electron Ion Collider
| s e The eRHIC machine: Accelerator
Position Paper
e ELIC ZDR Draft

A High Luminos ity, High Energy
Electron-lon-Collider

lV}rtm

'1(
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Status of the EIC Project:

Physics (\)\}’wi}twl(]n'tunitics ) The EleCtI'OIl IOIl COlllder (EIC) Whlte
e+A if;)‘lllli:inns Pap o) §
Electron lon Collider () The GPD/DVCS Whlte Paper

e Position Paper: e+A Physics at an
Electron Ion Collider

e The eRHIC machine: Accelerator
Position Paper

e ELIC ZDR Draft

A High Luminosity, High En ;
Electron-lon-Collider 1
A New I..\,vaJ." Quyest to Study the Glue

bt Binds Us All
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Status of the EIC Project:

e The Electron Ion Collider (EIC) White
Paper

e The GPD/DVCS White Paper

e Position Paper: e+A Physics at an
Electron Ion Collider

e The eRHIC machine: Accelerator
Position Paper

e ELIC ZDR Draft

IIIIIII
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Status of the EIC Project:

e The Electron Ion Collider (EIC) White

. Zero"-Order Design Report

for the
Electron-Light lon Collider
at CEBAF

[

L}
("4

A Ay, A Bogacz A Bewel L Codmsa ¥ Cho. 5. Chaoepadbyay. £ Chadalow, P
Degrisoenko J Delaven. Ya Derbesev R Eot P Evoucbeglka, A Frevberger. J Grames, A Hunvw
R Ko G Knft, B La L Mermmga. M Poelber, A Thomss, € Wess, B Woprsebhouwrky
B Yam ¥V Dy

Thomat Jeffevoon Navthenal Accelerancs Favlliey

Newpan News, Virpoia, USA

W. Fischer, C. Mostag
Broebhares Nationsd Laborstery
Upnon,. New Yok, USA

ae"

V. Dusdew e Thka T

Oak Ridige Nadional Labosstery ey

Ouk Ridpe. Tetmenses, USA PR « - o0 o
N

LY D_u‘.. .-

Breskhaven Trchaclegy Groep
N Yeek USA

e Yok, New Yo
P Ostrosmsen

Avgonne Nathenal Labaraters
Azposne TRmavs. USA

V. Desenchuk

Esdians Usiveruy Cyclotros Faciliey
Bloommgre, Iadusa, USA

A Baelow

Earrirmse of Nuchear Rewearch
Moscow Troend, Rosua Edisars: Va. Derbeney, L Merminga, V. Zhang

A High Luminosity, High Energy
Nlectron-lon-Collider 1

Ll Qugest to Study the Glue

Paper
The GPD/DVCS White Paper

Position Paper: e+A Physics at an
Electron Ion Collider

The eRHIC machine: Accelerator
Position Paper

ELIC ZDR Draft
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Status of the EIC Project:

Available at:

« NSAC LRP2007 home page *

* Rutgers Town Meeting page

 http://web.mit.edu/eicc

The Electron Ion Collider (EIC) White
Paper

The GPD/DVCS White Paper

Position Paper: e+A Physics at an
Electron Ion Collider

The eRHIC machine: Accelerator
Position Paper

e ELIC ZDR Draft

al CEBAF
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MEEIC parameters for e-p collisions

not cooled pre-cooled high energy cooling

p c p c p €
Energy, GeV 250 4 250 4 250 4
Number of bunches 111 111 111
Bunch intensity, 1011 2.0 0.31 2.0 0.31 2.0 0.31
Bunch charge, nC 32 5 32 5 32 5
Normalized emittance, 1e-6 m,
95% for p / rms for e 15 73 6 29 1.5 7.3
rms emittance, nm 94 94 3.8 3.8 0.94 0.94
beta*, cm 50 50 50 50 50 50
rms bunch length, cm 20 0.2 20 0.2 S 0.2
peam-beam forp /disuption for |y 503 | 3.1 [ 3.8e-3 | 7.7 | 0.015 | 7.7
Peak Luminosity, 1e32, 0.93 23

cm2s!
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Staging of eRHIC:
Energy Reach and Luminosity

* MEIC: Medium Energy Electron-Ion Collider

- Both Accelerator and Detector are located at IP2 of RHIC
- 2or46GeVe x250 GeV p (45 0r 63 GeV cm.), L ~ 1032-1033 cm2 sec !

eRHIC, High energy and luminosity phase, inside RHIC tunnel

Full energy, nominal luminosity ,
- ﬁolar'ized 20 GeV e x 325 GeV p (160 GeV c.m), L ~ 1033-1034 cm-2 sec

- 30 6eV e x 120 GeV/n Au (120 GeV c.m.), ~1/5 of full luminosity
- and 20 GeV e x 120 GeV/n Au (120 6eV e.m.), full liminosity

eRHIC, 10 GeV elevated luminosity phase, inside RHIC tunnel

Higher luminosity at reduced energy, can be added if needed
- Polarized 10 GeV e- x 325 GeV p, L ~ 103° cm2 sec -

.— Smaller improvements (3-4 fold) in e-Ion collisions =
| 7 Office of
BROOKHEVEN (O Siionce

NATIONAL LABORATORY V.N. Litvinenko, EIC Collaboration Mccﬁng, LBNL, 11-13 DGCM\bGI“, 2008 U.S. DEPARTMENT OF ENERGY
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¢eRHIC R&D - Recirculation Passes

> Separate recirculation loops
> Small aperture magnets

> Low current, low power consumption

‘ \_%& > Minimized cost

wj [ ] ]ﬂ"l - ], o &%
| eRHIC 1,

140 cm (55'.) 4 Iy R

) 4

/

=

|
: '
1

Common vacuum chamber

CENTER OF RING

e 43 GeV N
(8.3 GeV) 4

Development of prototype magnets 1s N / by
underway (BNL LDRD, V.N.Litvinenko) \ ~ - /

..............
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