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Project overviews: JLab12, EIC, LHeC

Jefferson Laboratory See also plenary talk
12 GeV Upgrade Project by R. Klanner

Upgrade is designed to build on existing facility:
vast majority of accelerator and experimental _""',_D!

equipment have continued use

New Hall
Add 5
cryomodules

N\
;”/,/// lower pass beam energies: * FiI‘St tWO CI'yOIIlOduleS installed Startlng

Maintain capability to deliver
/’/ 2.2 44, 66...

20 cryomodules

ANg”” this May
Addarc |7 .. . ;
<& A I * Major installation starting May 2012
S & d * Accelerator and civil construction efforts
— — e approaching 70% complete

Scope of the approved project includes: e Detector and spectrometer work
Doubling the accelerator beam energy

in existing Halls : New experimental Hall and beamline underway now for Halls B, C, D,

g U Upagrades to existing Experimental Halls Hall A starts thlS OCtObCI'
* Hall A expects initial beam Oct 2013,
Followed by Hall D in Apr 2014, and
Halls C, B in Oct 2014
* 12 GeV Project complete June 2015

Enhanced capabilities

talk by G. Young
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Project overviews: EIC

MEZC : Medium Energy EIC

prebooster | Stage Max. Energy Ring Size Ring Type
an
Sources {GE\","{} (m)
p e p e

SRF Linac

medium-energy

IPs Medium 96 1 1000 Cold Warm 3
J 2R T
KA + High 250 20 2500 Cold Warm 4
Low-to- 2 - - — . P S —
medium
collider ring /
" " polarimetry ] :
— low-energy IP .
€ Three compact rings:
* 3 to 11 GeV electron
injector Exists = Up to 12 GeV/c proton (warm)
* Up to 60 GeV/c proton (cold)
R:I;E Abhay Deshpande Overview of the US EIC Project 4/12/2011 18

Design status of medium-energy EIC at JLab
talk by A. Deshpande talk by V. Morozov
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Project overviews: EIC

eRHIC: polarized electrons with E, < 30 GeV will collide with L;

either polarized protons with E,

550 eV

10.4 GeV

153 GeV

202 GeV

251 GeV

300 &eV

V.M. Litvinenke

detector

< 325 GeV or heavy ions E, <130 GeV/u

eRHIC staging:
All energies scale
proportionally

Polarized
le-gun

Small gap magnets

5 mm gap
3T @ 30 GeV

]

ﬁ;‘y Abhay Deshpande Overvi%w of the US EIC Project ‘ Status and update on eRHIC proj ect
talk by V. Litvinenko
talk by A. Deshpande Main recent development: the JLab and BNL designs

.geffégon Lab

of EIC converge in energy, Lumi, and other paramet’s

Thomas Jefferson National Accelerator Facility @ QJSA



Project overviews: EIC
Building a new detector for EIC from scratch is expensive. BNL has explored the possibility
of using the existing STAR and PHENIX detectors
STAR forward upgrade

proton ¢ nucleus

EEEEE—) ] —
—— ——— — — — — PH-FENIX PHENIX Decadal Upgrade
\; REC3 N RPC3
= . — . . - “;h‘b%{@
%
: <
RICH
PhEiC '\\“El m ;
| . 2 RN
ZDC South ;}:3-; s ZDC North
. MulDb — MulD
-
/ PreShower fl
HCal Aerogel
Side View North
April 12, 2011 Dr. Edward O'Brien DIS2011
nucleus electron
) 2
, L3
talk by J. DlllllOp talk by E. O’Brien
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Project overviews: LHeC

. LHe(C: eip/ﬁ Electrons Protons
talk by M. Klein _ Encroy 60 GeV 7 TeV
EEJD? 1.::;6 eV Current 100 mA 860 mA
EP=E *Z/A Part. per bunch 2 <1040 1.7x10*
A" "p Numb. of bunches 2808 2808
L=10*cm?s? ex /6y 50/250m  |0.5/0.5nm
while LHC runs P, <50 MW
Linac-Ring Rlng;Blng

tune-up dump

10-GeV linac G-

— 10-GeV linac P . \:I"i fﬁ'm
talk by A. Bogacz talk by M. Fitterer
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Project overviews: LHeC

up dump

—
0.12 km

comp. RF

Linac-Ring =

talk by P. Kostka: A detector design for LHeC

Conceptual Design Report on machine, detector, physics, 2011
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JLab12 Scientific Capabilities

Hall D - exploring origin of confinement by studying
exotic mesons

Hall B — understanding nucleon structure via generalized
parton distributions

Hall C - precision determination of valence quark
properties in nucleons and nuclei

Hall A - short range correlations, form factors, hyper-nuclear
physics, new experiments (e.g. PV and Moller)

Thomas Jefferson National Accelerator Facility talk by G. Youn g @ ngA



JLab12: machine for valence quarks

Deeply Virtual Exclusive Processes -
Kinematics Coverage of the 12 GeV Upgrade

overlap with other

experiments - ! - unique to JLab
10 . - : ; . - . — High xg only reachable
’ e : <
8 - "\c}t ' = *"}/
% I 290° s
p— E | g ]
= i pVF
| 55 Y
Ng : _ 66°) o
S 4 | L2 < -
|
|
N "% | Upgraded JLab has
2 i complementary
: & unique capabilities
: ! 1]
O ' - . .
0.5 0.6
A A A pPP=5" Office of

{" feffersan Cfal ~— EENSSSS—- T omas Jefferson National Accelerator Facility ~d°Science™
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JLab12: d/u at large x

The ratio of d/u quark distributions (F,,/F, ) at large x > 0.6 : SU(6) symmetry
is uncertain due to theoretical ambiguity in treatment of .
nuclear corrections (F,, extracted from deuteron data) e,
t . QCD
+ | L
Forl Fao I IR
Measurement of DIS off mirror nuclei (*He and 3H) : e 0 qq only
. . . i elnitchouk and omas
will dramatically reduce uncertainty: T e Bodek et
) FRHE F:H R 3H 8 l l I
2FF + F) FP +2F] R(CH) + '
6 i ' t _—
l _ ++ l
l 4 I
_ H _
" )4 ‘He ‘H s ++++++ r
F, 2R -F,"°/F, S [
= 317 3 . w .
ng 2Fj-1”£.}{F2H—R
R* deviates from unity by ~1.5%, 5 i
under good theory control |+ JLab Projected Data |
*H/*He DIS
talk by J. Gomez (Jlab Hall A Marathon Collab.)
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JLab12: Aln at large x

>

S
————p= hadron debris

* Hadron helicity conservation (HCC): Aln -1 as x-1
* but not in all approaches

» affects/measures Aq/q at large x and indirectly
points at L, # 0 Fock states in wave function

Measurements are challenging:
* need high L=3-10x103%¢cms"!
* high polarization

|

Hall A (BigBite)
Hall C (SHMS and HMYS)
talk by G. Cates
Jeffégon Lab Thomas Jefferson National Accelera

c

—

<

1

J’P

| e HMS+SHMS, DIS, 684 hours |
A HMS+SHMS, RES, 48 hours /
"o SLAC E142
. A SLAC E154 /
| ¢ HERMES
& Jlab Hall AE90117  /
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JLab12: Generalized parton distributions

for valence quarks

Only extensive measurements of different processes and observables and global analysis of
data can disentangle and constrain generalized parton distributions (GPDs) .

Hq IIJI.IJ'
T &
\ .
e
GPD
s 5
1+ 6P | ¥
m Re
H ALu
H AuL o, Al
E | Aut.Ar

Example of simulations:

Transversely polarized — access to GPD E

— enters spin sum rule

— step towards tomography of valence quarks

talk by F.-X. Girod

.geffégon Lab

q f.a;’ Meson Flavor
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All talks in JL.ab12 session

Semi-inclusive DIS in Hall C after the 12
GeV upgrade

X. Qian SIDIS with polarized He-3 with SolLID at 11
GeV JLab

Y. Prok Spin physics with CLAS12

J. Gomez DIS off A=3 nuclei and the neutron to proton

structure function ratio

F.-X. Girod Generalized parton distributions with
CLAS12
G. Cates Measurement of the neutron spin

asymmetry Aln at high Bjorken x after
CEBAF upgrade

- Thomas Jefferson National Accelerator Facili
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EIC: machine for sea quarks and gluons

| Qvs. Bjorkenx, 4 b 'at20x 250 GeV |

LLERAN

3 ?
Q (GeV )y

1’

i
10°

Several methods to measure gluon
distribution at EIC:

» scaling violations of F,(x,Q?)

* longitudinal structure function F;
 charmed F,° and F, ¢

,y2
or = F (551@2) - I

2
Y+ ($’Q )

talk by T. Burton
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EIC: accessing TMDs

Example of simulations of single-spin asymmetry in semi-inclusive DIS:

it .
= oL B
CE 0.4GeV <P, <0.6GeV 12
o 0.40 < Z < 0.45 I
G2 1 E
C =
C + . 2
: +H++ * ‘
i O I A L
. * w g Lt
i *”HH; it ; Py i
siaipenf P b & 5 gt i
ii= —10
— 1 |||||\|| I\Il |||| Il 1111
104 10° 102 107 1
X

blue: 140 GeV, black 50 GeV, red 15 GeV, integrated lumi: 30 fb!

Detected
hadron
p T

n(3He + D) s

p K

) 14

p D

E D+D
DIS0n - Min Huang

P, region
(divide @
Low

low

low

high

high

high

Luminosity
1GeV) | (fb?)
30

120

>3 x 30 (match
with pion)

120

360
(multi-D binning,
much fewer bins)

Tens of 360 or
high s?

Similarly to the case of GPDs and exclusive reactions, the successful TMD program at EIC
relies on:
* wide kinematic coverage (high P important for matching with twist-3 and moments of TMDs)
* high luminocity for 4D binning

* L & T polarizations of the hadron beam

J)effegon Lab

talk by M. Huang

Thomas Jefferson National Accelera Also talks by J.Qiu and H. Gao —JSA
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EIC: looking for saturation

Raison d'étre for e+A

Scattering of electrons off nuclei:
Probes interact over distances L ~ (2m,x)

For L > 2 R, ~ A3 probe cannot distinguish between nucleons in front
or back of nucleon = probe interacts coherently with all nucleons

“';, L Kowalski, Lappi
(] and Venugopalan,
0] PRL 100, 022303
o

Lt
(@}

“Expected”
Nuclear Enhancement Factor
(Pocket Formula):

10 | (2008)); Armesto et
[ al, PRL 94:022002;
r  Kowalski, Teaney,
[ PRD 68:114005)

1/3
@ =coi{ %)

Enhancement of Qg with A = non-linear

QCD regime reached at significantly
lower energy in A than in proton e O B

Je talk by T. Ullrich

Ihomas Jetterson National Accelerator Facility @ JSA



Pseudo-data for total cross section

EIC: constraining nuclear gluons and search

for saturation

Qy?

for 208Pb for EIC I EIC Stage |
Neural Network determination EIC Stage I+II
[ MEIC NNPDF analysis | of gluon PDFs (no saturation)
1ot L[ © EIC Stage I -
=« EIC Stage| oo
| e =05 o nuoﬁ
|| — =15 nngg ggm
- 0g= 058 S Teee o8
- ] ==mmme =1'5APh oo OoO0D0O0D BN
3 L 655 0oobhess = mmmm ; e
10" 1 1w 10
S0t S STo0 50 5c mees ¥ e "
o Feee 0. 0|0 000 @ SEEEEE N EBET
- "'--._______ O O0o.Q 0@ @ AEEEEE N EEEET
.., D8 Q0,08 08 AEENEE N NEE
= T—— o 'I'J'"-D.___CI &8 0@ lIEIII LN 1
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E\H\-Q C o B ® 'I'I.I__: ™ i'l=l T [ HPDF MEIC Stage 17l | Q =3 GCV
- O ] @ B BR BN SAEENN
F Mw pr—
1_. L1 ||||||4 1 III“”_; L1 11 - L1 1 aiiil v Dg:nl:nﬂﬂut:l
10 10 10 10 1 0gf D‘: =& (max cut)
% us
» Fit only data above Q_? 5 ME N
* Backward DGLAP evolution o o2f AN
* Systematic downward trend, o
. consistent with non-linear effects '
talk by J. ROJO _M.;.'.':;Ua e
1 1w 10" 1

.geffggon Lab
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EIC: looking for onset of saturation in

diffraction

* Diffraction is believed to be more sensitive to non-linear effects (saturation)
* New MC generator for e+A (“Sartre”) : T. Ullrich and T. Toll
* Based on dipole model (b-Sat); checked against HERA J/{ data

* Used both for transverse imaging of gluon distribution and search for onset of saturation

e+ A e +J/T+ A

&

>

o10° |97 - Coherent
G ] A

% u wee Incoherent
%?f — Total

=

-1

10*

0 0.020.04 0.06 0.08 0.1 0,72 0.7140.160.18 0.2
-t (GeVd)

Jeffert E?l_lk by T. Toll

T4

S L N TN N

ol -

The important issued of huge incoherent
“background” can be solved by
Zero-Degree Calorimeter (detection of neutrons)

AZ)

-... Excited nucleus
o5 Evaporation
\‘\\“

Spallation residue
a, B, y decays

T  Fission products

Thomas Jefferson National Accelerator Facility talk by T. Ullrich @ QJSA



All EIC-related talks (in WG7)

An update on eRHIC acceleraor V. Lirvinenko
Design status of of MEIC at JLab V. Morozov
PDFs today and tomorrow M. Strarmann
Theory overview of e-A physics at the EIC J. Jalilian-Marian
Experimental overview of e-A physics at the EIC T. Ullrich

A new Monte Carlo event generator for eA collisions at low-x 1. Toll

Theory overview of e+p physics at an EIC J Qiu
Experimental overview of e+p physics at an EIC H. Gao

Imaging sea quarks and gluons at the EIC 1. Horn

Ep physics opportunities at eRHIC 1. Burton

M. Huang
B. Musch

Transverse single-spin asymmetry measurement from SIDIS at an EIC
Studying the Sivers and Boer-Mulders functions with lattice QCD
Weak mixing angle measurement at EIC Y Li

PHENIX and STAR Detector Upgrades (for use as Stage 1 eRHIC
detector)

) Thomas Jefferson National Accelerator Facili
.geffegon Lab 2 @ @JSA

E. O'Brien, J. Dunlop
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LHeC: The ultimate energy frontier

Kinematics & Motivation (140 GeV x 7 TeV)
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* LHeC Experiment:

HERA Experiments:

H1 and ZEUS

Fixed Target Experiments:

Nuclear
Structure
& Low x
Parton

o
N
2O _O_&_4
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LHeC: constraining proton PDFs
'31@ Impact of LHeC on PDFs: gluon

* Experimental uncertainties are shown at the starting scale Q?=1.9 GeV?

f 2 2 '
HERAPDF1.0 settings, 0"=1.5 GeV', Experimental Uncert. HERAFDF1.0 settings, Q°=1.9 GeV®, Experimental Uncert.
0.25
| 0.4

WERA I G o
0.k HERA I+BCDMS wewmy
-# [ HERA I+BCDMS+LHeC(B)

5- 0. " 0.2

ﬂ S

E% 0.05 E 0.1

El I. (i}

g 3

A -0.05 . -0.1

o rE
-0,

g —0.2 }

-0.3 F

Fies e
A

-0.25 & . - : 0.4
la-06 le-05 0.0001 0.o001 0.0L1 0.1 4] 6.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

X x

= Based on simulated data, impressive capability for LHeC to constrain gluon:
o At low and high x

* Similar impressive precision for quarks of different flavors — flavor separation “for free”
* LHeC will also provide constraints on nuclear PDFs
talk by V. Radescu

Thomas Jefferson National Accelerator Facili
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LHeC: Inclusive diffraction in novel
Kkinematics

Many possible measurements of diffraction (inclusive, exclusive) in previously inaccessible
kinematics — expect surprises (remember HERA !)

Diffractive Kinematics at xlp=0.01

- Current HERA Data | e Large lever arm in Q? for global fits of
- L/LHeC E, = 20 GeV | diffractive PDFs
- LILHeC E, = 50 GeV — reliable predictions for nuclear shadowing

10 35— - e . . 1
- | LHeCE, =150 GeV - in nuclear PDFs (Gribov-Glauber connection)

Q?/ GeV?

f’ ' * Small B — triple-Pomeron limit of large
diffractive masses — legitimate region of
non-linear effects (saturation)

e Also diffraction with nuclei

talk by P. Newman

' Thomas Jefferson National Accelerator Facili \
J,eff920n Lab 2 @ €



All Talks in LHeC session

A. Bogacz
M. Fitterer
P. Kostka

A. Stasto

P. Newman

B. Cole
V. Radescu
0. Behnke

U. Klein

.gerterson LaD

LHeC Linac-Ring design
LHeC Ring-Ring design
A detector for the LHeC

Low-x physics at the LHeC from inclusive
measurements

Low-x physics at the LHeC from exclusive
measurements

e+A physics with the LHeC

QCD analysis at the LHeC

Heavy flavors at the LHeC

LHeC beyond the Standard Model

A
W



Other contributions to “Future of DIS” WG

L Neutrino DIS at MINERVA, J. Mousseu

Measurement of nuclear modifications (shadowing, EMC) in neutrino DIS;
some analyses of NuTeV indicate difference from eA DIS

[ The Olympus experiment at DESY, M. Kohl

Two-photon exchange contribution in e*/e” p elastic scattering

0 AnDY: overview and plans, C. Perkins

Measurement of transverse single-spin asymmetry in jet production in Drell-Yan and
verification of sign change of Siverse function w.r.t. SIDIS

L Compass 2 program and Polarized Drell-Yan at Compass, C. Quintans

160 GeV mu-beam on L and T stationary target: strange quark PDF, GPDs and TMDs (in DY)
L ATLAS upgrades for the HL-LHC and the Physics Case, S. Demers

) Thomas Jefferson National Accelerator Facili D
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Summary

The future DIS facilities — JLab12, Compass-2 at CERN, EIC, and LHeC --

as well as progress in theory will help up to unravel the internal structure of the
nucleon and nuclei in terms of quarks and gluons and better understand their
dynamics.

In particular, we should be able to make progress in the following areas:

(o Mapping out the spin and spatial structure of quarks and gluons in nucleons )

 Discovering the collective effects of gluons in atomic nuclei

e Understanding the emergence of hadronic matter from quarks and gluons

- J

Thomas Jefferson National Accelerator Facili
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