Nuclear Dynamics Probed by DIS: IV

* Xp; < 0.05: ”Shaowing”

e Coherent diffractive
scattering from = 2 nucleons

* Interference is destructive by
virtue of NN antisymmetry

NN pair must be in-line

e Transverse resolution 1/Q?2
post-selects nuclear state

* Shadowing is a ~100% effect 0.9
on the ~10% of DIS events that < 0°
are diffractive 3 o
. Nucleargluon suploression Y o0sE E
observed in LHC ultra- Y 0.40 .
peripheral collisions Zos3 el
* Photon cloud of forward =02 e
moving Pb nucleus collides o cesosuerainy ]

with gluons in backward

moving Pb nucleus. 0.0001 0.001 0.01
Xolye




DIS V. Nuclear Initial and Final States in
Diffractive DIS: Double spectator tagging

* Incoherent Diffraction: A clean probe of multi-
nucleon dynamics.

* Only low-energy
NN, NNN... Final state
Interactions

e(k)

Color-neutral
ob > 1/[Q?]*?

* Event-by-event initial & No FSI!

final state:

* Elliptical source
> 2 nucleons

o Destructive
E :t . Interference:
- [@’] active/spectator in

NN pair




DVES on Deuteron

(V = Vector meson...)

* Coherent d(e,e’d V)
e Tensor polarized beam: Observe quark-gluon structure
of tensor interaction.

* Incoherent d(e,e’pnV)

* Miller, Sievert, Rajugopalan, www.arXiv.orq/1512.03111
 Low mass NN final state = independent nucleons

* High mass NN final state = probe quark-gluon
distribution of interacting NN pair




MDBaker, ECA, Lee, Zhang eRD17

Zheng, Aschenauer, Lee, EPJA 50

Geometry tagging (w/o shadowing)

Ballistic protons Intra-nuclear cascading
e . .

increases with d (forward

particle production)

Leads to more evaporation
of nucleons from excited

nucleus (very forward)
N,

— Au (no shadowing)

Cu (no shadowing)

— Ca (no shadowing)

Min bias A scan

(nuclei are all surface)
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JLab LDRD FY2017 project
Nadel-Turonski, Baker et al

Role of ballistic nucleons:
Lappi, Mantysaari,
R. Venugopalan, PRL 114

Tagged eAu (samples scaled to same area)

— Periph. 35%
— Central 2.6%

Evap. n - tagged eAu

0

0 2

06-July-2016 MDB - Forward Detector Optimization




DISVI. x5 < 0.1

DIS probes fluctuations with coherence length
A much greater than nucleon or even
nuclear size.

Precursor to saturation = == =
_Bw
m
Low energy probes cannot

distinguish these from vacuum fluctuat

. - _‘M
% " ~ -' Animations at

. www.physics.adelaide.edu.au/theory/staff/
" leinweber/VisualQCD/Nobel/index.html
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Conclusion

e A High Luminosity Polarized Electron lon Collider is an
unprecedented tool to quantitatively explore the quark-gluon
dynamics of

* the Origin of the Mass of mesons and baryons

* The Creation of Mass as a quark or gluon propagates through cold
QCD matter
* Vacuum
* Nucleus
* Nuclear Binding
* NN Force
* NNN Force

* These are exciting, challenging questions.

e We can make progress

* These emergent phenomena will resonate with the larger scientific
community
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e Anti-shadowing is
not anti-quarks!
FermilLab Drell-Yan

L. Frankfurt et al. / Physics Reports 512 (2012) 255-393
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Q%=4 GeV?
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Q%=100 GeV?

Q%=10,000 GeV?
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Gluons & Nuclear Binding a2

e Shadowing (coheent gluol
from NN, NNN ...)

e ALICE PLB718 (213)
ultra-peripheral

AA—> AA /W
..CMS 2016

—— nDSLO
-—- EPS08 LO
—— EPS09 LO

- HKNO7LO

EPS09 uncertainty_g
| I I T

Fig. from Guzey, Zhalov,
arXiv.org/ 1404.6101

* x=0.001 —0.01

0.01

* Expectation of gluonic
anti-shadowing at x = 0.1
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Spectator Tagging

* Spectator Tagging: ;
.y 0% M
PR = pz{)-l_’l, = !EPZ_)i_a.pRJ_a Ong:| ~ Pg/z
* Impulse Approximation:
p’ = (Pp—pr)’=t=M2+?

—t' > MpB + B?/2=4.1-10"3 GeV?

S S S

* In Deuteron rest-frame:
p, > DMy 4p,
fora~1and |pL| << My

* |n Collider Frame:
Pp = %PD+p_L

P~ 5Pp+pL




On-Shell’E lation 4
(4 V neutron
e Spectator Tagging in Impulse
Approximation:
p2 =(Pp—pr)’=t=M:+t
—t' > MpB + B?/2 =4.1-1073 GeV?

/2777777
S/

* Example on-shell extrapolation e

- 0.031623
Q*=10 —20 (GeV?)
lg—11 < 0.02

ke ® Pp = 5® 100 (GeV/c)?
WCdr —1 (1

Luminosity 10° nb™

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

Fao(%,.Q% ant)*(t/Res)® (nb)

0.88<L a<1 10<a<1.02

} (Fas/S)=0.4205 £0.0128
| (Fro/S)e=0.4278 £0.0128
: | | | | | | |
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—t/(GeV?)
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Neutron ,Fz from, on- sheII
Extra polatm

. ,"
« A sample bin in Q2 e
* Error bars are statlstlcal

f _ r band is systemat|c
7€ from assumed 10% -
1€ ertainty in incident ¢

Q*=10 —12.58 (GeV?)

béafn emittan? RS 3
* Radiative effects not yetx

o

included. ° % ok ;y...

-~

* QCD Evolutlon not yet
included. ,




Neutron Spin Structure

Longitudinal Double Spin Asymmetry on the Neutron

x-dependence at fix " pendence at fixed x
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