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The Problem

* There is no free IPrich neutron target
* Nuclear uncertainties inhibit extracting F2" from d(e,e’)X at large x
* \We need to measure the neutron free of nuclear effects
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A Solution: CLAS with RTPC

( )

Bound Nucleon Structure Experiment
d(e,e'ps)X [(deep) inelastic]
Deuterium target, spectator proton
70 < ps< 150 MeV/c

JLab Hall B CLAS with an RTPC
Measure F2"at high x
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CEBAF

Large
Acceptance
Spectrometer

DC: Drift Chamber
CC: Cerenkov Counter
SC: Scintillation Counter
EC: Electromagnetic Calorimeter
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d(e,e’ps)X

before

r )
neutron — T Pn = (Mg — Es, —Ds)

Md:En+Es
E, =My — /M2 + p?

*2 . 2 =2
\M — (Md ES) ps)

after

spectator 4 ) ) 5 ™
W* =~ M™ — Q° + 2Msv (2 — ay)

€

* Plane-wave impulse approximation
e Backward-emitted p is a spectator 0. — Ls — py|
¢ =
e Struck neutron is off-shell M
*ps and pn are equal and opposite
) ’ L Q7 Q* z

e | orentz invariants are corrected for xr = ~ —
initial neutron 4-momentum L 2pn - q 2]\487/(2 — ) 2 — Ofs)
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PWIA Spectator Formalism
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Light Cone

d Pr = P(ﬁs)d3ps

7

.

\
5 Ppr = [Ynr(FP)2d3k

S

k| = i
as(z_ )

ko= M2+ k2

[f]s.

SY (e, pr )

k|
./ 2_,_/;2

I3T=kT

M2 aszl_

Elba XII Workshop



o & Off-Shell Structure Functions

Liuti & Gross PLB356(95)157 Melnitchouk et al., PLB335(94)11
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R, = (F zn )eﬁ/ (F 2n )free * R, decreases with psor as

e At x*=0.5 and ps=400 MeV/c,
Rn deviates from unity by
BoNuS ps 7-20% in these models

detection range
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Final State Interactions

e Struck neutron can interact with the
spectator proton

* Proton momentum is enhanced
*FSls are small at low psand large Opq

A
®
N FSI

-
9 Palli et al., PRC80(09)054610
e ‘ 00 53 211 T, [MeV]
1 4.0}
Ps ' L8 06 ] x = 0.6 .
< L5} | 32} 0,=90/
@ g 12} 7 o
= 090 Py=0 ] 0
 Several groups have o [ p,=0.1 { 16 0, =180 o]
calculated FSls 0er | os—— /8, _
e Opq> 1100 and ps<100 MeV/c o A B et
greatly reduces FSls 0 30 60 90 120 150 180 00 010203 04
L Opq Ps
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Target Fragmentation

Palli et al., PRC80(09)054610

| ——p,=0.3 GeV/c
| p,=0.4 GeV/c
1o p2=o,5 GeV/c
X = 02 / {
Q’=5 (GeV/c)’ o7
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e Target fragmentation
enhances the proton yield
only at forward angles
(cos ©pq>0.6)

* This can be ignored




BoNuS Experiment

Field Cage Voltage Divider Support Field Cage Electrodes
Plates

Voltage gl = : Cathode
| Divider & Wires % 1 Window
Gas Port  to HVPS

e Bound Nucleon Structure Experiment
eHall B, JLab, CLAS

ed(e,e’ps)X with 70 < ps< 150 MeV/c
*Epeam=1.1, 2.1, 4.2, 5.3 GeV

e Radial time projection chamber for ps
e Data taking in 2005
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BoNuS Detector

|< 20cm >|

Thin-wall High Pressure
Gas Target

/*

Trigger Electron
& (to CLAS)

Thin Al-Mylar Thin Al-Mylar
Window m Cathode

/ / \ Track Lonization

/ Dritt Gas

............ GEM (Gas Electron Multiplier)

vvvvvvvvvvv LCIEIE C Gain Stage

Readout Electrodes (pads)

Readout Connections

H. Fenker et al., Nucl. Instrum. Meth. A 592, 273 (2008)
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BoNuS RTPC Performance

[ AHe Target, E=2GeV | e Upper left: dE/dx vs. p/Z for He target
! [—=prown ) e Lower left: dE/dx vs. p for deuterium target

triton

1 peioma | *Below RTPC+CLAS resolution for
| common e” events
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BoNuS Kinematic Correction

 Very Important Protons 70<ps<100 MeV/c
* VIPs are 17% of the ps distribution
 Corrections make resonances stand out

* F2"/F2P can be measured at high x*

—
[2)]
o

—— ps distribution

-
(=]
o

yield [arbitrary units]

. d(e,e’ps)X

70,100, 200 MeVic ) > d(e,e’)X

>N T N D DS B BTN RN
0.8 1 1.2 14 16 1.8 2 22 24
W* or W [GeV]
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o Two Analysis Methods

* The Ratio Method
* measure tagged counts divided by inclusive counts
* correct this ratio for backgrounds
= one scale factor gives F2"/F2¢°
* The Monte Carlo Method
* measure tagged counts
* divide by spectator model Monte Carlo results
* multiply by F2" used in the model

* The two methods have different systematic errors, but give
very similar results.
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Accidental Backgrounds
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Z(CLAS)-Z(BoNuS), mm
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Z is the position along the
beam direction

Tracking of the electron gives
Z(CLAS)

Tracking of the spectator
proton gives Z(BoNuS)

AZ=Z(CLAS)-Z(BoNuS)
shows a coincidence peak
and a triangular background

Fits to the triangular
background allows us to
measure backgrounds
underneath the peak

Blue area = Rpg X Pink area

Ryg is independent of
kinematics

14
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CLAS Detection Efficiency
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F2"/F29 from Tagged/Untagged Events

Ny (W*,Q%) 1

Z e; (W, Q?)

J=1

Nuntag (VV,Q2) 1

Z ek(Wa QQ)

k=1

Iy
Fy

= (Reorr)(Ce+ ) (Cr ) (Tre) (1)

Rcorr is the tagged to untagged ratio corrected for CLAS efficiency and accidentals
Ce+ and Cr are corrections for pair-symmetric and 1 backgrounds
Ic Is the radiative correction

n is an overall normalization constant that ensures agreement with world data at
x=0.3
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Corrections Ce+, Cp-, and rrc

| Pair Sym Background Correction |

| Pion Background Correction |
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i 2 .
various (i° values Ce+ correction <2 %

Cx correction < 1/2 %

Ic correction < 10% in the
region 1.2<W<2.7 GeV

1/n = 0.02535 + 3.37%

25-29 June 2012

Elba XII Workshop



Kinematic Coverage
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& IA BoNuS F2"

e~ 0.5 —neutron €0.35¢ —neutron
0.45 - 2

0.4 =VU. proton 0.3f Q?=1.20 GeV? —proton
0.35 0.25F
03 0.2F
0.25 s
0.2 0.15|
0.15 0.1F
0.1 0055_
0.05f; UE
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W (GeV)

oo 03¢ —neutron o 0-2¢ —neutron

- ] 0.18F .
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0.15F =
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4 of 16 spectra: 0.8 < Q%< 4.5; Epeam = 4.2 & 5.3 GeV; Bosted/Christy world fits
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Monte Carlo Method
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R(data/MC) =

| Q2 1.66,cos -0.60,p_s from 0.085 to 0.10q
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Feff(W* Q2,ps)

Fmodel (I/V, Q2)

Left: Black=raw tagged
data; blue=accidental
subtracted data; red=elastic
and radiative tail

Tkachenko et al.
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Data / MC vs W* for Different ps
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Deviations from
unity at low W*
comes from
difficulties of
getting the
model right for
the resonances

Generally the
ratio is close to
unity

Perhaps some
effects at high ps

Tkachenko et al.
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& VA cos8 distributions / MC
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F2on for various ps
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Final Data
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functions from
deuterium (red

3.17 < Q%< 3.79 GeV? *
\ points, Malace,

f

et al.)

Baillie et al.,PRL
108(12)142001
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| & BoNuS F2"/FoP

1
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0.7 * CJ -« Curves are CJ error
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EMC Effect

EMC ratio for the deuteron: [(F2"/F2%)exp + (F2P/F29)worid] ™
Normalization: unity at x = 0.31 (the world EMC average for nuclei)
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BoNuS Plans for 12 GeV

Data taking:
— 35daysonD,

— SdaysonH,

— L£=2x10%cm2 sec’
DIS region:

- Q2>1GeV?

- W*>2GeV

— ps <100 MeV/c

— B,>110°

— X*max - 080
W* > 1.8 GeV: X*max =0.83
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o Conclusions

— BoNuS has measured F2" on a “free” neutron target

— Virtually no effects from Fermi motion and final-state
iInteractions

— No evidence for off-shell structure for ps<100 MeV/c
— F2"F2P behaves at high x much like CJ high-x fits

— F2" resonance data will significantly improve the
world’s data set, which up to now came from d with
nuclear corrections

— In the works: a long paper with details of the off-shell
study (S. Tkachenko), a paper on D(e,e’Trpsp) (J.
Zhang), and a paper on the deuteron EMC effect.

25-29 June 2012 Elba XII Workshop 29




END OF TALK
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Spectral Functions

Melnitchouk et al., ZPA359(97)99

085

0.8

0.75

0.7I‘..\. | T A S S ST ST SR RS

25-29 June 2012

PWIA(q)/ PWIA

Heller & Thomas, PRC41(90)2756
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Systematic Errors

Combined
Systematic Errors on F,"
0.04
~4==total systematic error
0.035
& spectator momentum + 10MeV

3 0.03 #— spectator theta + Rand Gauss
—
m spectator phi + Rand Gauss
2
- 0.025 —s+—CLAS acceptance correction + 10%
g —&— Rad Corrections Off (weight 0.5)
b om
> et Pi- cOPT * 2
v
™ ——PScorr* 2
' —
o 0.015
"3 Background * 20%
©
;: 0.01 Expon. (total systematic error)

0.005

0 -
0.2 0.25 0.3 0.35 0.4 0.45 05 0.55 0.6

« Full analysis of F2" is done after shifting or broadening various quantities
« AF2>" =0 at x=0.3 where normalization takes place (total value there is interpolated)

» Blue line, all changes are made at once; total error rises from 1% to 4% vs x.
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Ratio and MC Method Comparison
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