FORWARD TAGGING WITH THE
EIC@JLAB FULL ACCEPTANCE

DETECTOR

Charles Hyde

Old Dominion University, Norfolk VA, USA
And the EIC@Jlab Design Team

R A LS RO e, A SRR~ - - i o S D S s
_ Users Group 69 January 2016, Berkeley CA
e ; ~ . . — ..M..... > — WP -




Forward Tagging in ep,

ed, e’He

* Deep Virtual Exclusive Scattering
Far-Forward Spectrometer, =

Exclusivity
DIS process. Generalized Parton Distributions

Transverse Spatial Imaging

« Tag DIS and current-jet SIDIS with
respect to diffractive or non-diffractive

» Projectile Fracture Distributions . Spectator Tagging: D, >He Beams

(xp < 0): Far-Forward Spectrometer,
Forward Dipole & Tracker High-Resolution ZDC
« Flavor-Momentum correlations Neutron Structure Functions,
between target-jet and current-jet Bjorken Sum Rule, Ag(x).
hadrons. u/d flavor separation: GPDs, TMDs

EMC effect in the deuteron
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Forward Tagging for

eA Phvsics

* Deep Exclusive Processes
3-D imaging: quark and

» Rapidity-Gap vs ordinary

DIS events gluon densities vs Charge
e Hadronization Mechanism densities R
p distributions of nuclear oA aonisionals
r Veto on nuclear breakup
fragments Tag nucleus for xz. > 0.01 A
Gluon Saturation signals Boosted photons from nuclear

 ‘Spectator’ Multiplicities Eaton

Nucleons, Light fragments, Fission fragments, Evaporation Residue
ZDC & Far-Forward Spectrometer
Mult1p11c1ty tag on current-jet >
propagation distance:
« DPMlJetHybrid generator:

M. Baker, ECA, EIC R&D, also 1405.4555 _ X
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« Forward Dipole (z=5.5m)
= 2T-m (scaled to 100GeV/c

proton)
e Flux exclusion for e-Beam

= Acceptance 25 < 6 <80 mr
(relative to electron axis)

= > 50cm Tracking space after
magnet

« FFQ triplet acceptance:
= + 10 mr horiz, £14 mr vert, for
|Ap/p1<0.5
= 25 mrad cone (full opening) line-
of sight to ZDC

= High Dispersion Focus @36m
= Full Acceptance:
0.5> | AP/P| > 0.005
or 6 p, >4 mrad
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END-CAP &
FORWARD REGIONS

e 2 Tesla-m Dipole
(z=5.5m)
= (of. For 6 < 80 mrad,
Solenoid Bdl < 0.6 T-m)
= Acceptance * 90 mrad
(relative to electron)
(+40, —140 mrad to ion)

e Full Reconstruction of

Projectile Fragmentation

= High-P,, and/or small —x; (low rigidity)

= 3.5<n<5

= Mesons from decay of near exclusive N*, A,X

* NN correlations in heavy nuclei

= P/P,, <(1GeV/c)/(40 GeV/c) = 25 mrad relative to ion-beam
< 75 mrad relative to electron axis

7 = 16
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FAR-FORWARD
SPECTROMETER

* Deep Virtual Exclusive Processes. Acceptance:
= x3>0.005, or — ~ (Py)* > (400 MeV/c) @ 100 GeV/c

* Spectator Tagging
= P, ~0.5 P(deuteron), 0.33 P(°He),
tracking resolution = beam emittance
= ZDC can achieve 30%/\E, = 4% for spectator neutrons
~ 20 MeV/c longitudinal resolution
~ 10 mm/40 m = (.25 mrad transverse = 0 (pp)=12.5 MeV/c
P, acceptance for neutrons and protons up to 700 MeV/c

* Nuclear Fragmentation
= Neutron evaporation, pr = 100 MeV/c = 6 <2.5 mrad
= Evaporation Residues: Z/A # rigidity of incident nucleus

* Nuclear disassembly, pr = 200 MeV/c = 0 <5 mrad
= 3He fragments from N=Z nuclei have rigidity 4/3 X incident ion

= Fragment ID from dE/dX
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SPECTATOR TAGGING

« Spectator Tagging:

n{2
PR=D = D> PRL, ~ Pp/2
g 2 aPp

« Impulse Approximation:

neutron X
p2 = (Pp—pr)’ =t=M2+¢
—t' > MpB + B?/2 =4.1-10"3 GeV?
proton
1 P
pp—)-(‘aT—llMN2+pJ_ OR, DRT

fora~1and |pL| << My

Pp =~ %PD P
P, ~ SPp+pL
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ON-SHELL EXTRAPOLATION

neutron {3 X
» Spectator Tagging in Impulse

Approximation: LN
2 2 i, N LR
Piy= Ppis=pR)s =t="M5 41 ¥ 1 pr
Og. P
—t'> MpB + B2/2 =4.1-10"3% GeV? 4 R
= (pR i pD)
« Example on-shell extrapolation | Tot Error=v(stot'+sys")
: xgs=0.025119
k. ® Pp =5® 100 (GeV/c)? > P10 0. (oor?
lag—11 < 0.02

0.4

i Ldi=s10kh

Luminosity 10° nb™

zp; € [0.025,0.032], Q2 € [10,20] GeV?

Fa(x.Q% 0 t)*(t/Res)? (nb)

02 f i

0.1 | | |

{ (Fao/S),=0.4205 £0.0128
: (Fao/S)e=0.4278 £0.0128

0 1
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0O 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
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NEUTRON F, FROM ON-SHELL
EXTRAPOLATION

Q*=10 —12.58 (GeV?)




NEUTRON SPIN STRUCTURE
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Longitudinal Double Spin Asymmetry on the Neutron

x-dependence at fixed Q? Q’-dependence at fixed x
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THE EMC EFFECT IN THE
DEUTERON

EMC effect in tagged DIS e + D — ¢' + p + X, backward kinematics

— onshell modified ——
‘ 1 unmodified
x=03-04, 0% =20-30 GeV*

ap=0.89-091 (backward)
L, =10"nb", s, =1000 GeV>
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CONCLUSIONS

MC Simulation / GEMC

« Example of full integration
of detector and accelerator

. @ deuterons: - magenta - ﬁ
design. o o /!
e : - cyan -
@ protons: - orange - ﬁ

* Unprecedented tools for
event-by-event control of
the full final state on the
nucleon, light nuclei, and
medium to heavy nuclei

 Thanks to Zhiwen Zhao and
KiJun Park for GEMC detector
images and simulations.

» Software tools available for general
use

K.Park (ODU) POETIC2015
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