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Tagged spectator DIS
Nucleon structure extraction

Inclusive DIS



B (tagged spectator) DIS with intermediate @2, high Bjorken x
B Resonance region W < 2.5 GeV

B [ imited phase space for the final hadronic state — closure
approximation not applicable

B Study influence of final-state interactions (FSI) through effective
rescattering amplitudes



W.C., M. Sargsian, PRC84 014601
(’11)

Detection of a slow spectator proton
At low proton momenta: extraction of
neutron structure function
» Necessary for flavor separation of
pdf's
» Constrain quark models of the
nucleon
At higher proton momenta: probe
high density configurations, nucleon
modifications, 6 quark
configurations,...?

For kinematics with high FSI: study
space-time evolution of
hadronization, constrain rescattering
models.
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B X: details about composition
and evolution unknown

B Use general properties of recoil
soft scattering theory, realistic
without specifying X

B Factorized approach



B Relate tagged spectator deuteron structure functions to the neutron
Q@ =
2piq -

B _times a distorted spectral function that contains a plane-wave and
FSI constribution. FSI amplitude has an on-shell and off-shell part
(related to propagator of intermediate X’).

ones for a moving nucleon at X =




b
B Scattering amplitude is parametrized with the
[(b) standard diffractive form
<per|F|pr’X/> = Utot(W: 02)(i+€(W' 02))EB W";QZ):‘;S.—,S,/ ésxsx/
z
—_—

B Eikonal regime gives approximate conservation law for the light-cone
momentum pg = p in the high g limit. This leads to mi > mf(,, and
yields pole values in the FSI integral of




Comparison with Deeps: approach

B Deeps experiment (JLab CLAS): Klimenko et al., PRC73, 035212
(°06)

B Use SLAC parametrization for neutron structure functions (as in data
analysis)

B Take gii(W, Q?) [and B(W, @?)] as free parameter in the distorted
spectral function. Fits are done for each W, Q? over the 5 measured
spectator momenta (300-560 MeV).

B Deuteron wave function: ®p(p) = dJBR(p)\/%

Obeys baryon number conservation [ a|®p(p)|?d3p =1
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B no off-shell FSI: off-shell rescattering amplitude is zero

f)?ffN,XN =0 J

B maximum off-shell FSI: off-shell amplitude is taken equal to the
on-shell one

off __ gon
fX’N,XN - 7[X/N,XN J

B fitted off-shell FSI: off-shell amplitude is parametrized as the on-shell
one with a suppression factor dependent on (x, @)

off __gon —u(x, Q3)t
fX’N,XN = fX’N,XNe ( ) J




N

W=2 GeV, p, =390 MeV, ,,=50 mb, B=6 GeV2

10% Fyy f(ps ,cos0,)

=l

B Plane-wave calculation shows little dependence on spectator angle



D(e,e'ps)X calculation without fits

10% F,y P(p, ,cosb,)
H

W=2 GeV, p, =390 MeV, ,,=50 mb, B=6 GeV?
H rPW
%y 0 oes + FSI
it

do/dQ%dp, AR, (ph/GeV>,Sr)

6,, (Deg.)

D(ee'ps)n

M. Sargsian PRC82 014612 (’10)

B Plane-wave calculation shows little dependence on spectator angle

B FS] effects grow in forward direction, different from quasi-elastic case
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Calculation with oxn and Bxy fitted at Q?=1.8 GeV?

tncreasing ps

»

t mass of X

S 3.0[W=125GeV, ;, =300 Mev 3035 Gev,p, :BTJMeV W=125 GeV, p, =3 8 135 Gev, 7, —460 Mg W=125 GeV, p, =560
> [
§1s 15
= = 0.6
& /A
T oo 0.0, 0.5 0.0 2
5 -10 0.0 1.0 -1.0 0.0 1.0 1.0 0.0 1.0 1.0 X 0 0.0 1
R T, :30-13 30 T5Gev, p =380 pev W-15Gev, p =390 Mev ] -® 2[WI15 Gav,p, 2560
I 12
1.5
0.6
005 0.0 T0°%5 0.0 10°%% 0.0 10°%5 0.0
6
6 W=1.73GeV, p, =390 M 3.0[W=173GeV, , =460 Mey,
=
© 3 1.5
=
©
o
é 2% 0.0 1.0 -1.0 0.0 1090 0.0 10 0.0 10°%38 ~04 00 04 08
6
- W=2 GeV, p, =300 Me\h 6["=2 GeV, p, 340 Mev[ W=2 GeV, p, -390 M&V/ W2 GeV, p, =460 Mé! 30[7=2GeV. 5, 2560 mey
o 6 5 30 .
5 5 3
n 3 15
©
1< ) = 0.0
b -1.0 0.0 1.0 -1.0 0.0 1.0 -1.0 0.0 1.0 08 —0.4 00 04 038
c 12[W=2.4Gev, p =300 M_ev WZ2.2Gev,p, 2340 MgV’ W=2.4 GeV, p, —390 M&V' W=2.4 GeV, p. =460 eV
- = 12 - 12 - 12 -
- . —  +FSl fit offsh
6 — +FSI max offsh
v G = 6 30| — 4Fsinooffsh
0 0 0 chriaduliuiriall B £}
-1.0 0.0 1.0 -0.8 —-0.4 00 04 08 -08 -04 00 04 08 -04 00 04 08 -04 00 04 08

cosh.

data:Klimenko et al. (JLab CLAS), PRC73 035212 (’06)



Results discussion

B Qverall very nice agreement between the calculations
and JLab CLAS Deeps data

B Systematic underestimation of data at ps=560 MeV,
breakdown of factorization, contribution from current
fragmentation

® At lowest spectator momentum plane-wave and FSI
amplitude comparable in magnitude, sensitive to small
differences

B Fitted off-shell calculations correspond more with no
off-shell ones, pointing to suppressed off-shell
amplitude
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-4 Q* =28GeV?
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B ¢ rises with invariant
mass W, no sign of
hadronisation plateau

B ¢ drops with 0?, sign of
Color Transparency?
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hadronisation plateau

B ¢ drops with 0?, sign of
Color Transparency?




Comparison with BONuS

B BONuS experiment (JLab CLAS): lower spectator momenta
S. Tkachenko et al., Phys.Rev. C89 (2014) 045206,
N. Baillie et al., Phys. Rev. Lett. 108, 142001 (2012)

K. Griffioen’s & I. Niculescu’s talks

B Detector efficiency varied with ps — data normalized to a Monte Carlo
with plane-wave model.

B Refit normalization to our FSI calculations with rescattering
parameters obtained from the Deeps data.
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Comparison with BONuS

Beam=4 GeV, Q° =1.66GeV>
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B Plane-wave calculation shown here with same normalization as the
FSI one (so not fitted)
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Free neutron F,, extraction

® On-shell neutron: take limit t' = p? — m2 = (pp — ps)? — m>

Plane-wave part of the spectral function has a quadratic pole while the
FSI part has not (loop theorem).
M. Sargsian, and M. Strikman, PLB639, 223(2006)

— 0:

B Small binding energy of deuteron means extrapolation is not that far
into the unphysical region

B Similar to Chew-Low extrapolation used to extract pion structure
B [Extract the free neutron structure function through

erxtr(Q ) " t/z FDexp( Q2)+v FDexp( ’Q2)

-0 [Res(Pp(t’ = 0 % o 2 w8
-0 [Res(®p( )P ?,f,,v[(éJri) +%(\§?+2t1+R2)]

This quantity has a quadratic dependence in t’.

W.C., M.S., AIP Conf.Proc.1369 121 (’11)
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Data from two beam
energies

Extrapolation feasible

B Of course fitting of

the normalization has
introduced a model
dependence here!

Preliminary results!!!:
have to do systematic
study of dependence
on G etc.



Neutron structure extraction at the Electron-lon Collider

JLab LDRD project: C. Weiss, K. Park, Ch. Hyde, P. Nadel-Turonski, D.
Higinbotham, S. Kuhn, M. Strikman, M. Sargsian, V. Guzey, W. Cosyn.
Renewed for "14-"15.

EIC: next generation facility for QCD and nuclear physics (JLab or
BNL) — P. Nadel-Turonski's talk

High-energy eA scattering with (polarized) light ions

Spectator tagging suited for collider: high spectator momenta, forward
detectors

High-energy theory: light-front quantized formalism
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F2n extraction at EIC

Structure function of conditional DISe + D — €'+ p + X
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C. Weiss et al., J. Phys. Conf. Ser. 543 (2014) 012007
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Pseudodata generated in
plane-wave model

Systematic errors
estimated, same
magnitude as statistical
ones

Working on adding our
FSI model (LC update of
current model, extension
to lower x) and
shadowing (V. Guzey)

He3 study also underway
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Polarized deuteron: spin asymmetry at EIC
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Longitudinal spin asymmetry in conditional DIS e+D — ¢’ +p + X
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al., J. Phys. Conf. Ser. 543 (2014) 012007
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_ gtt_gt-
Al = 30—

Plane-wave model. At
pole very small D-wave
contribution —
straightforward spin
decomposition

Flat ratios. Gives access
to gln/Fln.
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Inclusive DIS

B Optical theorem: relate hadronic
tensor for inclusive process to
imaginary part of forward
scattering amplitude
ngmc = %% ZSD,N Im(ANVSD)

B [ffective rescattering amplitude:
only possible FSI diagram

B FSI| amplitude contains double
on-shell and double off-shell
rescatterings. On-shell off-shell
cross terms cancel.

B Symmetrical (X’ = X) and
asymmetrical rescatterings

W.C., M. Sargsian, W. Melnitchouk, ConSldered,
PRC89, 014612 (2014)
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Inclusive DIS

B Optical theorem: relate hadronic

Bomn.t * tensor for inclusive process to
v o erm‘x i imaginary part of forward
I\ /) scattering amplitude
WB\,/lnd = 27T}\/’D % ZSD,N Im(ANVSD)
" ‘ B [ffective rescattering amplitude:
BSI . only possible FSI diagram
s
yr)* e E B FSI| amplitude contains double
X on-shell and double off-shell
. rescatterings. On-shell off-shell
‘- ‘ cross terms cancel.
B Symmetrical (X’ = X) and
asymmetrical rescatterings

W.C., M. Sargsian, W. Melnitchouk, ... 000<! darad
PRC89, 014612 (2014) . description of the FSI
amplitude over the whole x, @ range.

Wim Cosyn (UGent) HiX2014 INFN Frascati Nov 18, 2014 21/29



W = Y [ Wiy stpe

spt . s o
Wé’sv("") _ n(2n)? Z Z m /d Ps; P, Y2 (Diy. Sizi Psy s $53)Wi2 (i . Sia: Psy . Ssy)

' 3Mp o 2m)3 (27)3 2./E, Es,
X (PXa SXa' Pea: Ssa | Fry 3 |PXa » $Xa7 Py Sea ) Sy (Pia . i Pz S%2)
% Jynxy (Piy . Siys PXq 5X1)5(P§<1 mx1)5(Px2 m§<2)
W _ (2)3 S~ &m / a3 p_.;31 a3 Psy Vi (Diy. Sigi Psa. 552 ) WED (Pia Si Poa . Ss)
37Mp (2m) 2\/EnEsy

N X;| X2 spms
. ff) . vt .
S <PX215X21P52'552|FNX1,NX2|pX1'5X1'PS1 . 551)"ny2 (Pig . Siz: PX2. 5X2)

v ' 1 1
x 'IyNX;l (pi:| + Siy s PXy 5X1) D R—— P Rg—
Px, X1 Px> X2

Currents

masses

decrease




2 [— Alekhin p

-~ Alekhin n Q° =2 GeV?

0.4F __ g
SLAC p
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r— CBp

0.2

continuum

0.0

WiGeY

B Take scattering parametrizations from our fit to the Deeps data

B We don't take into account any possible relative phases between the
resonances: maximum possible effect




Inclusive DIS calculations
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1.4

FSI (on-shell)
FSI (on- + off-shell)
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Inclusive DIS calculations

B FS| on-shell contribution effects largest at high x

® Decreases with increasing @2: follows naturally from limited phase
space
1
1+ YR

X
I

(< 1)

B Off-shell contribution shown is maximum possible contribution from
three effective resonances: large contribution at x 2 0.8 and
@2 <5 GeV?

B Can be taken into account in neutron structure function extractions

B Dependence on deuteron wave function much smaller than size of FSI
effects
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in inclusive DIS

Scattering from a tensor polarized deuteron target (unpolarized
electron) do = doy,(1 + %PZZAZZ), sensitive to 4 new structure
functions compared to the spin 1/2 case.

Observable is identical O for a S-wave deuteron, very small when
D-wave is included. Sensitive to non-nucleonic contributions such as
hidden color (G. Miller, PRC89 (2014) 045203)

B Hermes measured A,, = 0.157 & 0.69 at x = 0.45, Q% ~ 5GeV?
B Upcoming JLab12 experiment will improve our knowledge: E12-13-011

(E. Long's talk)

A, through density matrix: pgo=1/v/2diag(1, —2, 1) (z-axis along
photon)

Only nucleonic contributions in our model

Wim Cosyn (UGent) HiX2014 INFN Frascati Nov 18, 2014 27 /29



A,, in inclusive DIS

B Only resonance contribution
considered in the FSI, NO DIS
contitnuum contribution

B JLab 12 GeV kinematics considered

Non-negligable contribution from
o ow FSI even at low x, but still nowhere
0.005| =~ on-shel ; near the Hermes value.

= on- + off-shell

B Convolution (D-wave dominance —
high spectator momenta) can pick up
resonance contributions through the
convolution

-0.005

0015l B Size of FSI effects decreases at

higher Q?

WC, M. Sargsian, J.Phys.Conf.Ser. 543 (2014) 1,

012006
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Conclusions

B Model for (tagged spectator) DIS on the deuteron based on
general properties of soft rescattering.

B Fair description of the Deeps data

B Cross section rises with W and shows no signs of a
plateau (hadronization) yet and drops with higher @2
(CT-like effect!)

B Extraction of neutron structure possible (JLab LDRD
project)
® |n inclusive DIS: natural suppression of FSI at high Q2

B S| effects of a few percent in inclusive DIS at large
Bjorken x and Q2 < 5GeV?
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