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GOaI Motivation

m-N scattering provides access to fundamental U A AR BB
guestions | |
- Baryon spectrum of QCD

— Chiral dynamics of QCD

— Study of isospin violation

- Internal structure of the nucleon

Cross section (mb)

2
3
[
= >
3 5
o &
[ ]
* Just imagine the possibilities with other mesons, e e L £8
say a vector meson! e T B
2 @
10 = T R A 1 § §!_
» Experimental challenges: A e I
- Vector meson beams cannot be produced in a lab. : T A | e G
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« Extract w/N cross section
- LQCD ( 77 - scattering) |
~ Physics Models ’ 0

Differential Cross Section for yd — wd T. Chetry, Ohio University APS April Meeting 2018 2


http://pdg.lbl.gov/2017/html/authors_2017.html

Goal Motivation

 7-N scattering provides access to fundamental Elastic P-wave 7 phase shifts
questions 150, V'S, = 783( )'(?'/2)90( ) MeV My = 391 MeV
- \/s = 853(2) - (1/2)12.4(6) MeV =5 2=
Baryon spectrum of QCD ol Eah 2 ey

— Chiral dynamics of QCD
— Study of isospin violation
— Internal structure of the nucleon 3:90. I=1

» Just imagine the possibilities with other mesons,
say a vector meson!

800 900 1000 g/ MeV

The Hadron Spectrum Collaboration
Phys. Rev. D 92, 094502 (2015)

D.J. Wilson, R.A. Bricefio, J.J. Dudek, R.G. Edwards, C.E. Thomas

400
* Experimental challenges:
— Short lifetimes ~1023 s Breit-Wigner:  t(s) = ! VAIs)
N : | p(s) m% — s —iy/sT(s)
Vector meson beams cannot be produced in a lab. | R
Energy dependent width: I(s) = _lt’f’
® EXtI’aCt wN Cross section Parameters: g =O.13171(36)( )-a —l [1 0.04]
- LQCD ( 77 - scattering: p resonance) gr = 5.691(70)(25) 1

- Physics Models
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Vector Meson Dominance Theory

Y 0, @ y W * Two processes:
" o * > YN—wN
P, w
[0 1 W 1=0 - WN—wN

: * Slope parameters:
P, P P - b yand b

» Ratio of Re(A) and Im(A):
d d - o and o,
P

I=0 I=0
Phenomenologically: - Deuteron acts as an Isospin filter for I = 0 only.
%"Ce_bt + Vector Meson off deuterium simplifies theoretical
bis thte:'(‘}ff Ej:;memr interpretations of the data.
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CLAS @ JLab Detector

« Jefferson Lab: Newport News, VA, -
* CEBAF: accelerated electrons up to 6 GeV, { P
* Experimental Halls: A, B, C and D; '

Hall B: electron or photon beam;//—\
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: : 3 /
e Data from g10 run period (Spring, 2004 ); ~7
e Target: 24 cm long liquid deuterium at Z = -25 cm;
e Electron beam energy 3.778 GeV,
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Vector Mesons off Deuteron in CLAS  Motivation

Single scattering Double scattering e
A
EY=2.6-3.6 GeV s
10 - _ A 1
[ e Thiswork .,' i
- XY (A) 6,,,=10 mb (VMD) . i _
L (B) 5,430 mb (VMD) s S
Nf |~ — - () 0,=30 mb (by=10 GeV?) g <
N; | —-—-- Single scattering < ?\-:r
5 S
o & 0q
Highlights: : 28
L — [
« g10 data £ or
. . < e
« Arescattering model is used. e gg
. . . . Qo
 Within VMD, data is consistent =5
i —
with o at about 10 mb. B
-1
* In the model, larger oy is possible v :
by taking b’YN > b¢N £ (GeVYed)
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Previous results

Limited World Data
* Mostly from Bubble Chamber experiments.
* Missing double scattering effect.

Measured |T§|? Oun N
Experiment Energy Target quantities (ub/GeV?) (mb) fi/4r Assumptions Comments
SLAC-Berkeley 9.3 H do 11.4+2.1 HUC 25.3x4.7 o, y=27 mb No correction for A, exchange
Ballam ef al. dt |, a,=-0.24
(1973)
do TN
_ dt ey 0

Rochester 8.3 D,Be,C,Al da T.4+0.5 25.4+2.7 304+£4.8 a y=-0.24 Corrected for 4, exchange
Abramson ef al. Cu,Pb dt |
(1976)
Tel Aviv 7.5 D do 11.2+2.,5 25.T+£6.,5 o =27
Alexander et al. dat |, o,=-0.24
(1975) _
Tel Aviv 7.5 D do JOC 3 900 l5.5f§:g fﬂ/ﬁ% j—? /%;I The rho cross section
Alexander et al. at |, 0 9 @ was anomalously low
(1975)

do do 2.0 ) 29

20 22 7.1t Jar=2.18

at|,/dt |, T Ts
Pisa—Bonn 5.7 C,Al,Zn,Ta, Smeared 13.5+3.3  27.0:%! 22.0£5.4 @ y=-0.3 Poor t resolution and uncertainties
Braccini ef al. Ag,Phb cross section in background correction
(1970)
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Previous results

Limited World Data
* Best data till date is from the Weizman Institute of Science

. Ev =4.3 GeV and [t| < 0.2 GeV?/¢

Measured |T§|? Oun N
Experiment Energy Target quantities (ub/GeV?) (mb) fifar Assumptions Comments
Weizmann do
Eisenberg ef al. o b dt |, 18.5+4.5 15.6+3.8 Z“N.__zrij I;:
(1976) CLAE
Weizmann do 1.9 29 429 A0 do
Eisenberg et al. 4.3 D dt |, 14.635%0 TolF o= dt |,/ dat |,
(1976) :
do| fdo| _ . Fi/am=2.18
dt ,,/dt o8 ?
Harvard—-CEA do 25 Ao _do| fdo .
. =y 82, =—! [=
Gladding et al. 4.2 H i [y 16.8 +2.8 falfs at |,/ at |, No correction for OPE
or 4, exchange
LI do do -
-] [—=—| =7.7T+0.1 e =2.1
|, / 7| 2 Fi/4m 3
22 20 _0Olyd— pd)
ABHHM 1.3-5.3 D O, fu,/fp————-———-gwd_, o)
Benz et al. o) os -
(1974) @7 2t 15.7%5:2 2/ar=2.18
Lancaster do %y a9 O(yd— pd) R .
= 14.5+5.4 15.3+6.4 = — P -
Morris ef al. 3.9 D I |0 4 5 2/f3 chyd—~od oor-resolution experiment
(1976) Far=2.18
Colliding beams 18.4+1.8
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Global Spectrum: g10 Data

24?0 04: T
22, 0.35 (a)
20 0.047 - 0.236 &b
18F : : s 03
S 3 F 0
16 S.o.25F
g4 o
a'2e R 021
Oiof- r C
si— .gto.155— 1
B - s o1
at- ] = r
oE A‘ 0.05:'—
OZ\IHIIHIilllHlllHl\IIHIIH‘\IIHIIII'\\IIHé\IlHIIHIHlIHIIIIH : 10_1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 00
MM(y d, ©* 7 d) [GeV/c?] o
* Basic cuts to reduce » Corrections applied: e
background: - Momentum corrections £
» z-vertex cut > Energy loss on MM
~ Fiducial cut corrections 08— W“"Wq
* Minimum Momentum * Signal over smooth 3 r g,
cut, etc. background. | o

M(y d, d) [GeV/c?]
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Binning

E L DR a#a;ql

35 -.E-i::. et % 100

. i ety | E,[Gev] tbins “tin trax
. e ¥ t [GeV?/c?] [GeV?/c?
COF e —%  1.4-18 8 2.0 0.3
I . 1822 6 1.5 0.3

B i R 2.2-2.8 6 15 0.3

o P L ® 2834 5 1.5 0.3

e

E, [GeV]

4 incident photon energy and variable 4-momentum transfer bins.
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Yield extraction
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Differential Cross Section

do  Yp A L,
dt  AAL " Tyymtn—mo

X ’YOOT'T'

A = Acceptance
Ar = Width of t-bin
Yp = Signal Yield
Ycorr = Photon Multiplicity
Correction factor
Luminosity,
prNalr
ZL(B,) = N,(E)
My

0qa=0.169 gcm 0
[,=24cm
M,=2.014 gmole "

N ,(E,)= Photon Flux

)

|||||||111||||||||||||||||||||||
vyd— od i

1045_ § 1.4<E < 1.8GeV i _E

| ¢ 1.8<E <22GeV i .
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10° [x 109 —

& F I i 3
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.g 2 I i
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Model based on VMD

_byN
fYN_)wN = O-y*w(i + a”yN)eTt
_ Re(A)
b o “ T Im(A)
@ s dofdtl o T 0 ai
v
Calculation based on VMD
(provided by M. Sargsian, FIU)*
! |
do

dt

! |
* Frankfurt et al. Comparison with Data  ms) O N

Nucl.Phys. A622 (1997) 511-537
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Results

102 ! I L I L I I ' FE |

- . byn = buy F oy ooy X /NDF
- 28<E <34 GeV . GeV2/c?|  (ub/(GeV? /)] [mb]
| n d (n°) i 75 15 31 1.13
N 7.5_15_31 i 8.0 14 34 .15
e 8.0_15_33 8.0 15 33 1.01
s 8.0 19 30 il 8.0 16 32 0.96
| | 8.5_16_39 i 8.0 17 31 1.00
Single Scattering 3.0 18 30 1.15
—_ 8.0 19 30 0.91
S 8.0 19 31 087
%‘IO - = 8.0 20 30 1.03
C [ i 8.5 16 35 111
s - 8.5 16 39 1.00
= [ g T 8.5 17 4105
BT [ e . 8.5 18 33 1.07
i 9.0 19 39 0.89
9.0 20 38 0.87
IN*/F-1.0] <0.15
. 30<o .<40mb
i oN
' This range is typical of hadronic cross-sections in

-08 06 -04 -02

the energy range!
t [GeVZc? 9y 9
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Summary

* Access to lower energy and larger momentum transfer to investigate
»-N scattering.

 First high statistics world data for the reaction: vy d — o d. Extracted

30 < 0pN < 40 mb using a rescattering model based on VMD for
E,=[2.8, 3.4] GeV.

* The cross-section data provides sensitivity to the nucleon-scattering
data in the energy and momentum transfer range mentioned.

Submitted to PLB, arXiv:1802.06746
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Outline

* Physics Motivation

* Vector Meson Dominance
* CLAS Detector @ JLab

» Differential Cross Section
* Results

* Summary
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