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Deep Virtual Exclusive Scattering with the
Electron lon Collider: Detector Design
and Physics Goals
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lmaging Quarks & Gluons
in the Nucleon and in Nucle

PVl S ep—> epy: e]cz, gluons

Deep Virtual ¢:

o Gluons dominate with 10-20% s~quar|< interference at modest x

* Strong Sudakov corrections for Q"< 10 GeV’ (Goloskokov & Kroll)
J/Psi: Gluons (intrinsic charm at high—-x?)

Pseudo Scaler mesons: Higher twist DA (instanton etfects) and Nucleon GPD for
QZ< 10 GeV2

s ; i
p, W-meson, flavor sensfclvﬂ:ﬂ) mechanism unclear at modest Q

* strong violation of SCHC in JLab, HERMES data.




JLab 12 GeV

Extensive program on Proton, X0, 2 ()77

. Unpolarizecl (Halls A, B,C) and Longituclina”g Polarizecl (Hall B)
Deuteron

o D(e,e’Vn) p, V =¥, vector-meson...

. D(e)e’\/PS)n: P<P5> > 100 MeV/c

Coherent D, *He (ALERT Detector)

Transverselg Polarizecl targets still cha”enging
(CLASI2Z HDice , SOLID TCS on transverselg NH,)

-~ R s S == S, = -%uh — 2 2 T T s T P ey ooy e W USSR S E R 3. o7




8-100(400) GeV lon Collider Ring

3-12 GeV

= Electron lon Collider

2

s & o o
E|C Jlab HERA - o4

2
* Luminosity = 10 /cm /s

© th statistics Possible on multiple beam—-species & Polarization states in <10 years

* L &Tpo arized |ight ion beams

» Access to full sPin structure of GPDs
+ Jon beam has momentum P =ZP and Rigiditg K= 2 -

A ® A O

* SPectator (P:O N rest Frame) has forward momentum ZPO/ A ;
* Tagactive neutron ~”on-shell’ bg spectator proton tagging in Polarized D e
’3 * Requires good accel:)tance and resolution for Protons at = 0.5 or 0.3% of beam rigiciitg
< Daughter nucleus Rigiclitg relative to beam: K/ KO =AU ZL A

+ |AK]/ KO > 1% for A< 100 (Positive for AZ = —1, negative for A7 =0, AA = —1.

s Veto nuclear break—-up,

* Tag spectators, evaPoration n,p, d. residual nucles




Detector Rec]uirements: e §Ex/ )
DVCS on the Proton(also ©’ and n) ! /

= E‘xclusivitg:

' <. , ’ p p ,
P(C,C’)/P) ‘Erlple comc:lclence (or N* =>» N1 Veto) i (8,0 E (%857

T\ B &E) ExEH A
veto neutron in ZDC or proton with p/Po = M/M* \ /

, t=(p'-p)
© lmagmg:

o t=A?resolution requircs clispersive focus at Roman Pots. Measure

A= (P’~P) [better resolution than A= (k~|<’~c]’) 1

+ Full Proton detection acceptance to “Beam~5tag~dear (BSC)? limit of

~1Ox beam rms emittance
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DVCS - 20 GeV x 250 GeV - 10 fb™

20 GeV on 250 GeV - 5 GeV on 100 GeV

“ -1
0.44< |Pt| (GeV)<1.3 10 fb

fLdt =10 b

10<0°<18 GeV?
0.004 < x3<0.006

dopycs/dt (pb/GeV?)

T2 ' 2 04 06 08 1 . . . 02 04 06 08 1
b, [fm] Itl (GeV2) Itl (GeV?)
DVCS - 20 GeV x 250 GeV - 10 fb™
0.6

0.18< |Pt| (GeV)<a0. 05
0.4

XgF(x;,b) [fm™]

—

0.3

0.2

01} 0.1<xg<0.16

10 < Q2/GeV2< 17.8

0
0O 02 04 06 08

by (fm)
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Compton ction ;
polarimetry forward e detection ’T‘
: digpersion suppressor/
spectrometers geometric match f
C
o e/n/K/P PID in central region
e — E—
+ [ull acceptance in rorward regjon,
Full acceptance in forward regj [ —y
, , , , ‘He, d /DC |
trackmg detector &esngn still requnreci. D ok
sPectator Hig DlSPCT’SIOﬂ{:
Proton taggi ng Focus |
(DVES Protons)', |
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1}

L IC vs Acceptance for p’ in DDIS/DVES
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DeeP Virtual Vector Meson Production

) P (C,C’V) X

o Reconstruct t=A% = (|<~|<’~P+-P‘“')2 from chargecl Particle final

states: p=>m'n—, p—=>K'K~

o W= T° constraint on W mass reﬁnes W momentum

resolution.

S Tagging/ Veto requirecl for exclusivitg
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/ ol \ 203Pb (e, e)
DVES on Nucles | e ©
o | + SACLAY 76
o2 | * STANFORD 69
Precision cl’warge densities measured in1970s 'Oi’ -
07 L ¢
5 05| -
“Neutron Skin” of hcavg nuclei has implications for E :26 w0
nuclear equation of state & neutron star structure. o7 | o330 "y
o R\
5 . N
* p/n = u-quark / d-quark ol sl \\
" T L | l
; : o w207 (b) ; T
* pwW: DVES amplltucle has Charge welght e Fe . S aﬂlﬁ M;.';'ﬁ' H
%-20 ::S;AIG\CNLFgRD . *l ” }, :
Gluon Proﬁles of nuclei from J/¥ and ¢ g [oawisor L
Qs l I.IS 2 3.5 3 33 |

q(fm™)
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Nucles

= High resolution reconstruction of [t from e.g.

(e,e’ K*K-) kinematics.

o Coherent nuclear recoil is unresolvable:
lost in 100-BSC.

o Excitation of bound-states will wash out minima of

coherent scatteri ng,

° Doub|9~magic nuclei, y~clecag energjes are large

Deeply Virtual Vector Meson Production on
Sl

= o coherent - no saturation
105 1 q) o incoherent - no saturation
O = coherent - saturation (bSat)
. (= O e incoherent - saturation (bSat)
107 Ewe fLdt = 10/A fb™
" 1<Q% <10 GeV?2, x < 0.01
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Fourier-Bessel Charge Form Factors

10%¢
208 b N_? § F:rn;r;(l:actor
Pb(e,e’) & DVES Ew;
102
« If bound-excited states are not resolvecl) —
10 S e S B S
they smooth out the diffraction pattern. ] :
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FIG. 3. Cross section for the even spin natural parity
states in 2%Pb divided by (the cross section for a unit-
R A i e e RS s e S D o . point charge). Data and best fit for the 4* level are |

scaled down a factor of 0.03, for the 67 level a factor of
15 0.001, and for the 8+ level a factor of 0.00003.



Conclucling Comment:

Species e/A Energy/u lon Pol Run Periods

ep 10 % 100 ol -

An arbitrary JLEIC Run-Plan o x 100 L& T 4

(similar for eRHIC) Lt . )

Neither time- nor priority-ordered. oS 10 X 50 - & — 4

2 run periods per year gte 140 X 157 L & 3
15 years for ‘base program’ e = i
_ . . e ‘Be 10 x 40
Luminosity is 6 12C 10 x 50
- e XCa 10 x50
| ‘mportanft, even for s i
low luminosity e 1203 10 x 40
phySiCS” e 208Pp 10 x 40
e 10 x 40

Positrons 3

Total 30
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