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Goal

» m-N scattering provides access to
fundamental questions

> Baryonic spectrum of QCD.

~ Chiral dynamics of QCD.

» Study of isospin violation.

- Internal structure of the nucleon.

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

* Experimental Challenge:
- Short mean lifetimes ~10% s

> Vector meson beams cannot be
produced in a lab.

e Extract w-N cross section!
> LQCD
> Physics models
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C. Patrignani et al. (Particle Data Group)
Chin. Phys. C, 40, 100001 (2016) and 2017 update
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http://pdg.lbl.gov/2017/html/authors_2017.html

Scattering on the Lattice

Elastic P-wave wmw phase shifts

. vV =T783(2) - (/2)90(8) MeV my = 391 MeV
° 180 T
Lattice QCD V= 853(2) - (/2)12.4(6) MeV ooyt
_ 150 my = 236 MeV
> qrr scattering (p resonance)
120
* Meson-baryon scattering is NOW 2. s}
a possibility. =l
 wis agood choice!! 30f
- P'Ons are heaVy on the E]1-00 | 5(I)0 : 760 9(I)0 1(;00 Ecm / MeV
lattice
. 1 sl(s
Breit-Wigner:  t(s) = > \/T(, )
. p(s) m% — s —i./sT(s)

Jianwel pointed out the progress
made by The Hadron Spectrum  Energy dependent width: [(s) = %&£

Collaboration on Wednesday’s Parameters:  m, — 0.13171(36)(6) - ;' [1 0.04
Plenary talk. gr = 5.691(70)(25) [ 1 ]

D.J. Wilson, R.A. Bricefo, J.J. Dudek, R.G. Edwards, C.E. Thomas
The Hadron Spectrum Collaboration
Phys. Rev. D 92, 094502 (2015)
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Vector Meson Dominance (VMD)
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D. W. G. S. Leith, “High Energy Photoproduction: Diffractive Processes”
SLAC-PUB-1978
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Vector Meson Dominance (VMD)

N * TWO processes:
Y X > YN—=wN
W
=01 W I=0 > wN—wN
P P

e Slope parameters:

: : > byNand wa
d d .
. Ci EZ: « Ratio of Re(A) and Im(A):

> o cand @

« Proton - I =0, 1
+ Deuteron acts as an Isospin filter for I = 0 only.

+ Vector Meson off deuterium simplifies theoretical

Interpretations of the data.
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Vector Mesons off deuteron in CLAS

d%(!)d LA BN B B AN B AN L B
Y E?=2.6-3.6 GeV
i ) 10 | ' -
Slngle scattering Double Scattering e  This work i -bi i
- XX (A) 6,=10 mb (VMD) ‘ ;r ]
L (B) G,=30 mb (VMD)
Nf -~ = = (C) 0,=30 mb (b,,=10 GeV? j
N | —+—+- Single scattering -"
¢
2
2| -
Highlights: =
=
e g10 data
* Arescattering model is used.
 Within VMD, data is consistent
-1
with @ ;. at about 10 mb. i ;
P R T T NS Y < T NN S ST TR NN SN WO T NN ST WS NN SO T SN H NN T W ST N
-2 -1.75 -1.5 -1.25 -1 -0.75 -0.5 -0.25 0
* In the model, larger o,y is possible t (GeV¥c?)
I T. Mib /.
by taking b’YN > b¢N CLAS Clol?af)gfation

Phys. Rev. C 76, 052202(R) (2007)
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Previous Results: yd > wod

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

Measured lToN!E TN N
Experiment Energy Target quantities (ub/GeV?) (mb) fi/an Assumptions Comments
SLAC-Berkeley 9.3 H do 11.4£2.1 O0C 25.3x4.7 o, y=27 mb No correction for A, exchange
Ballam et al. dat |, ' a,=-0.24
(1973) do I |2'
: dt |1 "

Rochester 8.3 D,Be,C,Al dg 7.4+05 254+2.7 30.4%4.8 a4=-0,24 Corrected for 4, exchange
Abramson et al. Cu, Pb S 3 P
(1976)
Tel Aviv. 7.5 D ifg 11.2+2.5 256.7+6.5- o =27
Alexander et al. dt |, a,=-0.24
(1975)
Tel Aviv 7.5 D do Joc ] Qoo 15,539 ff.\/fz /jf The rho cross section
Alexander et al. ' dat |5 = was anomalously low
(1975)

do| [do o~

20 [22) —7.2n0 : /dr=2.18

dt{,[adt |, h? T
‘Pisa—Bonn 5.7 C,Al,Zn,Ta, Smeared 18.5+3.8 27.0:%¢ 22.0£5.4  a y=-0.3 Poor t resolution and uncertainties
Braccini et al. Ag,Pb cross section in background correction
(1970)

T. H. Bauer, R. D. Spital, D. R. Yennie, and F. M. Pipkin
Rev. Mod. Phys. 50, 261(1978)
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Previous Results: yd > wod

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

E,=4.3GeV and [t| < 0.2 GeV?¥/

Measured |T{ |? OuN R
Experiment Energy Target quantities (ub/GeV?) (mb) fi/am Assumptions Comments

Weizmann do - -
Eiseni)erg et al. = D dt |, 18.044.5 106438 ZQN:zri) I;:
(1976) Wi T
it do +4,9 2 do) fdo
Eisenberg et al. 3 D dt |, 146350 Folfo= 3 NEAR
(1976) ' . .

do| [do| _ g e 2/4m=2.18

dt [,fdt |, b3
Harvard-CEA do ry 2y do| fdo ,
Gladding ef al. 4.2 H a |, 16.8+2.8 _fm/fa— at|,[a |, No correction for OPE

or A, exchange

(1973) ol ldo A

—| [=| =7.7x0.1 2/4r=2.1

i p/dt . 2 fo/4n 8

29 R o(yd— pd)

ABHHM 1.3-5.3 D Op 0 | fw/fp-——-——~ow__ od)
Benz et al. alp) oo -
(1974) ooy A 8.Tgr Je/Am=218
I 3.9 D o 14.5+5.4 153164 i pp=Sdzed o resolution experiment
Morris et al. T ' ? olyd—wad)
(1976) =218

Colliding beams 18.4+1.8

T. H. Bauer, R. D. Spital, D. R. Yennie, and F. M. Pipkin
Rev. Mod. Phys. 50, 261(1978)
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Global Spectrum: yd — o d ( g10 dataset)
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 Basic cuts to reduce background:

> z-vertex cut
> Fiducial cut
> Minimum Momentum cut, etc.

» Corrections applied:

- Momentum corrections
> Energy loss corrections

 Signal over smooth background.
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1.5 2.5

E, [GeV]

1.4-1.8
1.8-2.2
2.2-2.8
2.8-3.4

1.5 0.3
1.5 0.3
1.5 0.3

o1 o o 00

4 incident photon energy and variable 4-momentum transfer bins.
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Yield Extraction

E =[1.4, 1.8] GeV

=l A ) M LR | = BB 5
af 2104 F Enfries 3518 F Entries 5377
E :ﬂ :ﬁ o Mean 0.9205 aoF Mean 0.2426
E " o RAMS 0.1462 = RMS 0.1396
E 5226 50— E
|/ fn:r"d Py a & { ndf 70.73 /65 E ' : #2/ ndt 55.14 1 65
£ B 0.THOT 0,000 o Marm D.004E+ 0.1430 mE 1.26+ 016
E oy 0.0 458 4 001 274 - B 0.7E33+ 0.0022 F n 0.7912+ (L0024
0= P 40482 3088 - Ta 0.01311+ 0.00228 F ) 0015+ 0.013
\ 40 P =
£ R ~1466E 828 - By 56.14 + 34.36 F P, -22.99+ 32.10
sef Ty 141 8+ 850 - P, -211.2+ 836 E B, —42.88 + 89.06
27 ml 2 T A - 209.8+ 626 2 sof P, 136.5+ 60.6
E a0l E
3 mf 3 "F U 2 b
o r o r =
15 20 b
10 E o=
E w0 E
st r 10
" ] ! ) m . T TP B BT PLlbar oW 0y i e by
3 1 T3 12 85 0.8 [T i K} 12 iz 06 07 08 0.8 1 11 1.2
MMy d, d) [GeV/ic] MMy d, d) [GeV/c]
= - -1C =11 =[-T15A E_ = [TATE] T= [
F BABS F Eniries 12049 = Entries 14320
C 09576 180 Maan 0.9688 E : Mean 00588
120 0.1381 F : : RAMS 01441 s00F- : : RMS 0.1537
E B9.89/ 65 ol 2/ ndf BS.77 [ B5 E H o=/ nat 7242/ 65
o 1612+ 0167 e Marm 2429+ 0214 180E- Norm 388+ 0.25
100l 0.7867 + 0.0022 C n 0.7831% 0.0013 E u 0.7837+ 0.0011
L 0.015 0.001 1401~ 9y 0.01284 £ 0.00142 180 B 0.01344+ 0.00130
L 211.5+ 44.2 F By 209.7+ 496 E P, —101.6+ BE.T
F 7199+ 1212 120 P -TIB.7+135.4 140 P, 1616+ 186.1
m 80— 6305+ 81.7 “ r LA 640.7 £ 908 E P, 57.58+ 123.42
= C T = - | = il T
g C T " § e I § 1zn:
60— o 100
L B0 E
C c sop-
40— 80— E
L o 1=
C 0 E
E e ==
20— o E
L ] : : Sy : - ] : -
il ] . Lo E i H E HY ko
Lo Lt bl b v v b e by P I L N S ST B R S M b b e b b by
95 06 [%] 0.8 0.9 1 14 1.2 is 0.6 0.7 0.8 [T] 1 11 12 15 [X3 [%} [X] 0.9 1 11 12

MMy d, d) [GeVic] MMy d, d) [GeV/d] MMy d, d) [GeV/c)

- A A ) o _Er_-IWTE]"!TFTE‘I‘-E-EI?
Yield is 3 St M3 e
extracted by ,*F = “EE|  Eit Functions
taking integral g™f " 3 Voigt
of the Voigt ™ -
function sof- o

R [T R gl
MM(y d, d) [GeV/d] MMy d, d) [GeW/d
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Differential Cross section: yd > nd

IIIIIIIlll|III|IIIIII|I|I|III|I

vd— od I
1045_ } 1.4<E <18Gev t E
do Yo I |t 18<E <22GeV i -
dt  AtAY % Y % eorr | | 22<E <28Gev |
- 1 28< E, < 3.4 GeV I : -
A = Ac.ceptance. 10°E e I -
At = Width of t-bin — - i -
Yp = Signal Yield 2 _ i ]
Ycorr = Photon Multiplicity 2 [ ; ’
Correction factor g i i ¥ A
S0P v _
L 10°E =
Luminosity, 5 F 1] | i -
pr Nl IS - i ]
prNalr - ]
Z(E,) = i ———N,(E,) © - i i A
d B [x 10] _
! ;
0,=0.169 gcm ° 10 3 =
l,=24cm - ; ]
M, =2.014 gmole " - 3 .
N,(E,)= Photon Flux 3 ; 3 1
1 1 1 | L1 1 | | 1 1 | L1 1 | | | L 1 1 | | 1 1 | L1 1 | |
-2 -18 -16 -14 12 -1 -08 -06 04
t [GeV?/c?
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Model Based on VMD: yd > od

—byn
ﬂN_)wN — 0_)/ a)(l + a’yN)e 2!
~ Re(A)
Im(A)
b,x = by dofdt],_q. 0N QlwN
— _/
~
Calculation based on VMD
(provided by M. Sargsian, FIU)*
: 1
do
dt
: §
Comparison with Data =) O N

* Frankfurt et al, Nucl.Phys. A622 (1997) 511-537

14



SLAC Data

Differential Cross Section of yd - pd (SLAC)

S=smas = T S T == o — —_
SR i 31‘ WETTT T T T T T 1T T T T T T T 3
v ;CI'——-PD +d | — .
: - yd= pd ]
_i: 104__ § EV=BGEV —
3 = o E,=12GeV 3
® kg=6 Gev b - 3 E,=18GeV -
s alC e 1 J —— FSl Included |
& ko718 Gev | 107 = =
—FIT 1 - -
o = 102 = —
w2 b= & — -
% i g -
S == 7
=l {8 F §
= 10 -+ 8 10 —
= F ]
- {= 100) 1 B C ]
8T [ |
to° - = 1= =
o E 107 = =
b - =
k- r L |
She 2 4 10 =
\ : é
|O_3 i____..l...__.l____l__l_ : SiEsisisiasIsasl BensaNi] BIESISET NINSSNA/ MESRINS BaIRE] DA 10—3 | | | | | | | | | | | | |
O QG Q02 03 04 05 06 OF OB 02 1w 1) 2 13 14 0 01 02 03 04 05 06 07 08 09 1 11 12 13 14
-t [tever?] t [(GeVicy’]
R.L.Anderson et al, Phys. Rev. D. 4, 3245, 1971 Using Calculations provided by M.Sargsian
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Results: yd > wd

102_| [T T [ T [ T 11 | T i - - - 5
([ 28<E,<34Gev ] DS ey v XONDE
N R & 0 |Gev2/e?|  ub/(GeVE /)] [mb]
- rrd) & 75 05 31 103
- 751591 & - 8.0 I 34 LIS
i 8.0_15_33 & 8.0 15 33 1.01
e 8.0_19_30 8.0 16 32 0.96
|7 8.5_16_39 | 8.0 17 31 1.00
— _Single Scattering 8.0 18 30 1.15
o~ 8.0 19 30 0.91
) 8.0 19 31 0.87
>0 - E 8.0 20 30 1.03
6 [ S5 i 8.5 16 35 .11
3 .@9& - 8.5 16 39 1.00
=T (,f?« T 8.5 17 34 1.05
TT [ o5 ] 8.5 18 33 1.07
. 9.0 19 39 0.89
9.0 20 38 0.87
2 _
scattering I/ F-1.0] <0.15
- 30 < 0pN < 40 mb
1 This range is typical of hadronic
S cross-sections in the energy

-08 -06 -04 -0.2

|
t [GeVZ/c?] range:

Click here to see animation!!
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http://www.phy.ohiou.edu/~chetry/datavstOmegaBin4.gif

Summary

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

 First high statistics world data for the reaction: yd — o d
Extracted 30 < ouyN < 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




Future work:

e d*interference using the same final state detected particles.
- yd—=>d"n—>dn’ 7"
* |nvestigation of photocoupling ratio of light vector mesons.
A2 meson exchange from proton data (TO and T1 amplitudes).

f meson exchange or the P exchange in deuteron data provides
TO (natural isospin 0O transfer) amplitude.

— Combining proton (pion extracted) and deuteron data,
estimation of A2 Is possible.

Coherent w-meson Photoproduction off Deuteron



Thank you!

Any Questions?
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Lattice QCD (LQCD)

—

q(x) : quark field o q(n) : quark field
A, (X) : gauge field A U,(n) : SU(3) link variable

b .
A 1
> S

© quark A gluon

21



Investigated Channels

yd & pd @ n°n d

Back-up

p(770) 11

p(T70) DECAY MODES

Mass m = 775.26 £+ 0.25 MeV
Full width I = 149.1 + 0.8 MeV
[ee = 7.04 +0.06 keV

Scale factor/

Fraction (I;/T) Confidence level

P
(MeVjc)

I

~ 100 %

363

yd > od @ n°n d («°)

w(782)

w(782) DECAY MODES

16UPC)y =0—(177)

Mass m = 782.65 £ 0.12 MeV (S =
Full width I = 8.49 + 0.08 MeV
Fee = 0.60 % 0.02 keV

1.9)

Scale factor/

Fraction (I;/T) Confidence level

e
(MeV/c)

ataal
0
my

7'I'+7'I'

(89.2 £0.7 )%
( 8.26+0.28) %

(153701

5=2.1
S=1.2

327
380

366

Photon Coupling ratio of the vector mesons:
Y, Yo Y,=1:3: —3/4/2

e Assuming SU(3) and SU(6) symmetry.
* The coupling constants provide understanding for EM form factors
of pseudo-scalar mesons and nucleons, EM meson decays, etc.

Coherent w-meson Photoproduction off Deuteron
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Diffractive DCS

Differential Cross Section: yd - o d
Differential cross-section,

T T I | | 15"'E|¥'.':'2|2 I I I
do o YD % Fw %
dt AtAg Fw—)ﬂ"’_ a— 0 fYCOTT 10
A = Acceptance
At = Width of t-bin
Yp = Signal Yield St b =2 6068 b 22,4100
Ycorr = Photon Multiplicity S L 1 |
Correction factor Gt
_ _ El T I T AT e S
Luminosity, = 22<E <28 | 2.8<E, <3.4
S
prNalr B
Z(E,) = —F—N,(E,) © 1 i
! M, o 1% b =2.9523 : b =2.7503
0,=0.169 gcm >
l,=24cm
M ,;=2.014gmole "
Ny(Ey): Photon Flux 1| + -
_ il I |||||||||||||||:_|||||||||||||||||||||||||||||||||:

—2 18—15 14 -1.2 -1 08-06-04 -2 1.8 -16-14-1.2 -1 -0.8-0.6 -04

d t [GeV?/c?]
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Systematic Uncertainties

Back-up

Source Description Uncertainty
Flux Consistency/Luminosity Sec. 9.1 8.00%
t-slope dependence Varied from b = 2.5 to b= 0 0.04%
Sector Dependence Sec. 9.3 2.00%
Timing Cut Varied from a 3o to 3.50 cut 0.60%
Minimum |[p| Cut Removed 0.52%
Missing Mass Cut Varied from a 30 to 2.50 cut 3.46%
z-Vertex Cut Varied from |z 4 25| < 11 to |2+ 25| < 11.5 0.73%
Fiducial Cut Varied from a 50% to a 100% cut 1.34%
Signal Integral Range Varied from 40 to 5o 0.10%
Choice of Background function Sec. 9.10 8.59%
Branching Ratio Reference [5] 0.70%
Total Systematic Uncertainty (Added in quadrature) 12.54%




Interference

Data: MM(y d, ©'t) vs MM(y d, d)

HistMMpippimvsMMd

’ Entries 341427

. Mean x 1.003

s . L : _ Mean y 2.282

e C _ ) : RMS x  0.2206

'i-r-'|.'|_|'|_|"|-1 Ll |:| o b b b b .F.“".'E‘.”.’. |0|-2|3|0$i
(1_1.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.
MM(y d, d)

CLAS coll.

Back-up
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Interference Back-up

3
S 3.5
5F 3
4F ®
o F e 25
c - ze) =
3 S =~ [
o - = e
- S 27
2 — E [oe
" &
= P
i 1.5
1 = R
O:I 1 L L I R | 1 | 1 1 1 1 | 1 1 1 1 d :;--::-I.'---I' 1 1 I--i..ll-'li‘l-llll.l-l-lIIIIIIIIIII-IIIII n
1 15 2 25 3 35 05 06 07 08 09 12793714745
MM((y d, n* ) MM(y d, d’)
x10°
2
Plot Description 1.8
The 2D histogram is made after basic cuts are applied to the data. 1.6 ;_
Plot on the left is the y-projection of the 2D histogram. It is the 1.4 ;_
mass distribution for the = and the outgoing d. o 1.2
c -
Plot on the right is the x-projection of the 2D histogram. It is the § 1 E_
mass distribution for n+ n" 7° or the w-meson distribution. 0.8 E
0.6
0.4
0.2

8....I....I....I....I....I....I....I....I....I....

S 06 07 08 09 1 11 12 13 14 15
MM(y d, d)
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