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BARYON SPECTROSCOPY
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Courtesy of S. Schadmand
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Why studying photoproduction off the bound
proton?

4 We consider the neutron is on-shell
while proton is otf-shell.

4p The higher the missing momentum is,
more Final State Interactions (FSI)
events will be present.

4 What is the effect of the “off-shellness”
of the nucleon in the observables?

4 When the medium starts to affect the
observables? (particularly important to
interpret bound neutron data)

Figure credit: Andrew Sproles, Oak Ridge National laboratory
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Jefferson Lab,
- Newport News, VA

Courtesy A. Schimdt
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Jefferson Lab,
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Quick reminder of g13
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Quick reminder of g13
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Rel. Intensity
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Experimental Layout:
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Experimental Layout: o
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Data Analysis: Event Reconstruction
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Data Analysis: Event Reconstruction
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Data Analysis: Event Reconstruction

Charged particle identification
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Data Analysis: Event Reconstruction

Charged particle identification
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Data Analysis: Event Reconstruction

Charged particle identification
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Data Analysis: Event Reconstruction

Charged particle identification
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Data analysis: Event reconstruction

vyd — w p(n)
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vyd — w A(n)

Data analysis: Event reconstruction
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. _ vyd = w
Data analysis: Event reconstruction Ol ]
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- . d— w (n)
Data analysis: Event reconstruction %

T =Y

ImsQg_gammagamma_pre

Entries 1808388

Missing_mom_corr
Entries 99416
Mean 0.2893

Mean 0.02313

Std Dev 0.2372

counts/bin

Std Dev 0.01746

%2/ ndf 391.7 /24

Constant 4.611e+04 + 6.567e+01
Mean 0.01751 £ 0.00001
Sigma 0.00521 + 0.00001

FTTTT III|III|III|III|III|III|III|III

0.9 1
P, (GeV/c)

m2(m*tm®) VS m

2/t ()
Th99_pre _ Minam) 0'750000<MM<0'8O(|\)/|21991:°) 0.750000<NN<0.800000
o Entries 123154 | | ..l & 18F | i o
; " Mean x 0.9003 = 2 - - ;hcsndf 106177 — 90
O 1.6 Mean y 0.9762 —_ > 1.6+— 300 - po 270.7 +10.1
. 0 Q d I = p1 0.6272 + 0.0006
g —= | Std Dev x 0.1833 — g - 250 | pg 0.01892 + 000071 80
N a = | Std Dev — — — = p 71.1:312.55 —
?E 144 JSvy 03069 JE T4 g T
3 t - —{70
I T 12— |
1= SO OB
0.8[ -
ﬁ
0.6(—
0.4—
- 0.2 —
8 _l | | 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I | 1 1 1 I 1 | 1 1 I 1 | | 1 I 1 1 1 | I 1 1 1 1
4

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4
m%(y d — t'nn’X)

| I | 1 l 1 L1 1 l 1 L1 l L1 | I— l L 1 1 l L1 1 l | I I L1 L1 l L1 1 l 1 L1 0

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4
m?2(y d— pr*rn®X)(GeV/c?)?
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Beam Asymmetry

Perpendicular:
olarization ) / ,' — 2
56(12’(01‘ t 3 — (D _ k/,’) 9-9 71-/ .
% Parallel:
w = 0
Y
7 Recoil proton
Pr= 1
1
FrPR+1 D5 sin Ad g
(33)" —(33)!  1-Fr+ "pAT 2PY 5557 cos (2(¢ — ¢o)) )
(%)H | (‘cjjl(:;)L 1+ Fp 4 F’;’;iIIZPZS'"A‘g‘p cos (2(¢d — ¢o))

Background N p _ PpPllepL

corrected flux ratio Fr = %l— 2
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This work

Quasi free GRAAL (2015)
Free proton CLAS (2017)
Free Proton CLAS (2019)
Bonn-Gatchina (2016)
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Systematic Uncertainties:

Source of uncertainty Ay |

0 offset 10~°
Photon flux ratio ~ (.001

Polarization ratio < 1%

Mean polarization 5%

Neutral particle cut 0.017

Incident photon 1dentification | 0.001

Out of time cut 0.000

z-vertex cut 0.009

Missing momentum cut 0.021
Dilution factor and 3 — o cut | 0.
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Conclusions

#The @ channelis relevant in the study of higher mass resonances.

#We calculated the Beam Spin asymmetry for the photoproduced @ mesons off the

bounded proton in the deuteron for E, = 1.1 — 2.3 GeV. (Higher Energies than
previous CLAS datq)

W Comparison with previous quasi-free data from GRAAL collaboration (V. Vegna et al.)
agrees at low energy bins. The amplitude of the asymmeftry reported in this work is
larger than GRAAL reported results at £, = 1.45 GeV.

WOur results, compared to the free proton events reported from CLAS collaboration
(2017 and 2019) are in general smaller in amplitude for middle angle range.

#Very useful discussion born in Santa Margherita. Ho frovato un paio di nuove idee o
Portofino! Thank you!
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Thank you!
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Backup slides
Handling Background

@ [he first approach is to take all
the events in the background
region and calculate the angular
asymmetry 2_. o Background

@ [he events selected where those
with M?(m 7~ 7°%) > 30, |
(where i denotes the ith bin in
missing mass squared '
Mjfz((@_,”p N p7r+7r_7r0X) and o; w
Is the value of o for a gaussian

fit around the w peak ). Figure: Example for E, = 2.3 GeV

@ A 2nd-degree polynomial fit is WASHINGTON

UNIVERSITY

applied to these points. WASHINGTON, DC



region around zero.

Handling Background

@ Asymmetry for the background

o Ey(GeV) || DFysro | DFgr || DFdisto | DFey
@ Dilution factor approach LT3 RET T ER T Rl [ A
3-1. : : 611 :
A A 1.5-1.7 0.601 0.606 0.605 0.607
. — - 1.7-1.9 0.661 0.661 0.661 0.660
F = Z'(z:tcztA )b kg ) 1021 0.730 0.736 0.736 0.738
. bkg i 2.1-2.3 0.779 0.776 0.769 0.773
/
1 1
dN ”( ) “(_L) dN “( ) ) Rod:boforoDF.Bluo:QF[\Isto.Groon:'DFﬂg.:'r.
P signal % peak |
signal — p;j — 30 < o HT T Py el
M?(nt7—7°) < pu; + 30;
® Apeak can be calculated B e I )

integrating the model or
Integrating the histogram
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Systematic Uncertainties: related with event

selection

Neutral particle identification

0.8
0.6
0.4
0.2

-0.2
-0.4
-0.6
-0.8

1
0.8
0.6
0.4
0.2
0
-0.2
-0.4
-0.6
-0.8

1208 06 -04 02 0 02 04 06 08

x? / ndf

Prob
Og

0.3322/5
0.997

—0.01717 + 0.03391

[TJTTTITTTTTI T I T T T T T T T T T T T TTId

08 -06 -04 -02 0 02 04 06 08

Photon identification cut

cos0O),
x2 / ndf 0.007637 /5
Prob 1
Oxtyw —0.0005858 + 0.0348014

COS0,

0.8
0.6
0.4
0.2

-0.2
-0.4
-0.6
-0.8

Z-vertex

1 %2/ ndf 0.1157/5

0.9998
—0.004584 + 0.034566

|
O
o

-06 -04 -02 0 02 04 06 0.8

Out of time cut

COSO,

x? / ndf

Prob

0.8

Ot

0.05504 /5
1

0.009526 + 0.035240

0.6

0.4

0.2

reyrrryrrrprrrprrtrygr TP rrrp T

08 -06 04 02 0 02 04 06 08

C0S6,
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Systematic Uncertainties: related with event
selection
0

7T~ reconstruction p missing cut
30 cut - dilution factor

1 ; 27 ndf 0.9674 /5
| Prob 0.9652
Op. 0.02092 + 0.03753

| | | X2 / ndf 0.2205/5 0.8
0.8 | | Prob 0.9989 ,
0-6 O 0.01295+0.03643 0.6

_____ o
3‘2‘ 0.2

d o0
0.2
~0.4
0.6

_0.8 n Lo L1 L1 L1 L1 L L L |
[0S I I N A I D R D -08 -06 -04 -02 0 02 04 06 08
08 -06 -04 -02 0 02 04 06 0.8 €OSYem

C0oSO,,

“““““““““““““““““““““““““““ | — o
“““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““““ 04
-0.6
-0.8

e T O e T T T T T T P OIS RPN P PPN O RROITE SR

IIIIIIIIIIII]I[IIIIIIIIIII!III
o
Feyrrryrreyrrryp Tyt Ty TP T Ty rTTrprTd

1 v2 / ndf 0.4802/5
Prob 0.9928
Cyganap 0.01053 +0.03703
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() — (DI 1— Fr+ BLRHLIPY 582 cos (2(¢) — ¢o))

i - (1)

() +(5)F 1+ Fr+ BgPEFL2PY 082 cos (2(¢ — ¢o))
with the flux ratio Fr = ',':_—lll polarization ratio Pr = FF,)T”, average of
the polarization P = P”JEPL, SinAggb correction for the bin width A¢

and ¢q is the offset of the photon polarization vector 1. We fix all
but one variable in the fit, 2. ~

@ Pr and P are found using the E,(GeV) | Pr P
polarization tables. 1.1-1.3 | 0.88 | 0.754

1.3-1.5 | 1.01 | 0.782
1.5-1.7 | 0.96 | 0.750
1.7-1.9 | 0.94 | 0.676
1.9-21 | 0.99 | 0.730
2.1-2.3 | 1.02 | 0.695

'Ref. N. Zachariou PhysRevC.91.055202 (2015)
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_ FgP By sin A L
(98)" — () 1 Fr+ "p R 2PY *73° cos (2(4 — o)) )
dN . (dN o —1AF in A ,. .
(d_¢)|l | (d¢ ) 1+ Fp F’;giIIZPZS'"A¢¢ cos (2(¢ — ¢g))
with the flux ratio Fr = % polarization ratio Pr = ,F;T”, average of
the polarization P = P”*z'Pl, Si"A@d’ correction for the bin width A¢

and ¢ is the offset of the photon polarization vector 1. We fix all
but one variable in the fit, 2.

Integrated for all Cost
2 x? I ndf 11.8/16

@ Pg and P are found using the it - bbbyt
polarization tables.
o Calculate Fp based on a fit - <
over the (1) integrated over
all the cos @ bins.
|

o ()

Figure: Example of fit for
1.7 < Ey < 1.8GeV

'Ref. N. Zachariou PhysRevC.91.055202 (2015)
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P sin A

(1)

(8)+ — (53)! - 1—Fp
dN

() +(5) 1+ Fr+ 5B 2PY 2782 cos (2(¢ — ¢o))
with the flux ratio Fp = %ll— polarization ratio Pr = g_l_—, average of

the polarization P = P”"épl, Si"AgQS correction for the bin width A¢
and ¢ is the offset of the photon polarization vector 1. We fix all

but one variable in the fit, 2.

@ Pgr and P are found using the
polarization tables.

@ Calculate Fp based on a fit
over the (1) integrated over
all the cos @ bins.

@ ¢g = 0 as suggested by large
statistics channel study

'Ref. N. Zachariou PhysRevC.91.055202 (2015)




Fundamental

Hadron modeled as a ground state of quarks from the
QCD Lagrangian

CQM COQM+flux tubes

v\ Quark-antiquark
pairs and gluons

cloud

Quark-diquark

clustering Nucleon-meson

system
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