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CLAS and ELSA Collaborations

Why Baryon Spectroscopy?

[1] R. Bradford et al. (CLAS), PRC 75, 035205 (2007), Observables C,, C from ¥p — KtA
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N(1900)3/2" (which can be assigned as a member of the quartet of (70, 2; ) ) cannot be
accommodated in the naive quark-diquark picture, both oscillators need to be excited.!!]"2]

Florida State Uni



Introduction
Results
Summary and Outlook

Motivati
CLAS and ELSA Collaborations

Why Baryon Spectroscopy?

[1] R. Bradford et al. (CLAS), PRC 75, 035205 (2007), Observables C,, C from ¥p — KtA

[2] Fits: BnGa Model, V.A. Nikonov et al., Phy. Lett. B 662, 245 (2008) N | TP (Lar.20) 2010 | 2012
N(1440) | 1/2* (P1) ok | ok ok
cam 3000 | ————— N(1520) | 3/2~ (D1s) [P
= N(1535) | 1/2~ (S11) P -
— N(1650) | 1/2~ (Su1) ok ok | Kk ok
- N(1675) | 5/27 (Dis) PRI -
— N(1680) | 5/2+ (Fis) [P -

2500 — - = N(1685) *
CQM+flux tubes = N(1700) | 3/2~ (D13) k| xkk

N(1710) | 1/2* (P11) wokok | ok

=]
=}
5]
£
o=
G
=} — L= ] Q — N(1720) | 3/2% (Pia) ok ook | Kk ok
7] _ __— . N(1860) | 5/2% ok
8 2 2000 _ 7/__A - = | ~(sw) |3/2 -
= (=) — /== =T ~asso) |1/2° -
3 H — /__’ N(1895) | 1/2- *ok
2 wotemmen 2|75 B = e e R ETE A TS EXE e
4 system 2" Excitation Band: \_|—%_= N(2000) | 5/2* (Fis) | %= o
'*E (56, 05),(56, 25) eseser| D -
2000 | S1 *

2 (70, 03),(70, 27) @) A N(2040) | 372+ .
= (20, 13)? p N(2060) | 5/2 ok
= N(2100) | 1/2+ (P) | = -

L Il N(2120) | 3/2 ok

N | Y | I [
N(2190) | 7/2 (Gi7) ok okok | Kk ok
572+ (| 712+ || 9/2+ |[L12H[13/2+| 1/2- || 32- w2200y | D) wok

N(2220) | 9/2* (Hio) ok | x ok ok

N(1900)3/2" (which can be assigned as a member of the quartet of (70, 2; ) ) cannot be
accommodated in the naive quark-diquark picture, both oscillators need to be excited.!!]"2]

Florida State Uni



Introduction
Results
Summary and Outlook

Motivation

Baryon Spectrum with LQCD

R. Edwards et al. Phys. Rev. D 84 074508 (2011)

N Picture courtesy V. Bukert (CLAS collaboration meeting 2015)
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- - - LQCD manifests broad features of SU(6) ® O(3) symmetry.
New states accommodated in LQCD calculations (ignoring mass scale)
with J¥ values consistent with CQM.
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Baryon Spectrum with LQCD

More predicted states than experimentally observed. Lot more yet to be learnt!
N
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Study of N* to Vector Meson Decay Modes

Vector meson (w, p, ¢) decay modes have mostly remained unexplored. Vast pool of infor-
mation yet to be unearthed:

Status as seen in —

Status — —
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Particle Data Group 2014
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Study of N* to Vector Meson Decay Modes

Vector meson (w, p, ¢) decay modes have mostly remained unexplored. Vast pool of infor-
mation yet to be unearthed:

Status as seen in —
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resonances, it is essential to study their vector NOT0)3/T wen wee wx L L
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Study of N* to Vector Meson Decay Modes
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role in the baryon spectrum. N(1900) 3/2F  wax  #%  wxx xx P
: . N(1990) 7/27 wx ok ax *

@ This talk will focus on vp — prw and Ngmm; Sfr e o L

~p — pw reactions. The former (77~ final x gg;ﬁ; 3;;* .
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Resonance Hunting is Not Easy!

D (1675) F,(1680)

Most of the identified baryon resonances . S\ cmpoX
came from 7N scattering. Many missing /’"m' e
resonances may couple to photoproduction ™ ; o

reactions. A 3 /Gx7‘%l,:”‘2““‘
Baryon resonances are broad and .
overlapping so peak hunting is difficult.
Need more observables in addition to cross N e -

sections to disentangle the resonances. Picture courtesy: M. Wlliams

Py, (1440) ‘[

24
W (GeV)
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CLAS and ELSA Collaborations

Resonance Hunting is Not Easy!

Polarization observables are essential for the
determination of the scattering amplitudes with
minimal ambiguities — ‘reveal’ the baryon
resonances.

E.g., in single meson photoproduction:
Ototal = Ounpol. [1 - 5[ > COS(2¢)

+A, (=6 Hsin(2¢) + 6o F)

—Ay (=T + ;P cos2¢)

—A, (=6, Gsin(2¢) + o E) + ..

0 (0;) : degree of beam pol.
A : degree of target pol.

Priyashree Roy, Florida State University Excited QCD Workshop, March 08, 2016
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Resonance Hunting is Not Easy!

[1] R. Bradford et al. (CLAS), PRC 75, 035205 (2007), Observables C,, C from ¥p — KtA
[2] Fits: BnGa Model, V.A. Nikonov e al., Phy. Lett. B 662, 245 (2008)

C.C, Fits without N(1900)3/2" resonance

1'—§ »——%g-_ ,é_ﬁ___Q_ __é Q_O_Q
ot 3 o X3ppt % o0
_1-_§H§| 2126 33 |216‘9:_§§|§ e
cos,

c.C, Better Fit Results with N(1900)3/271!

1 5 e- N 52 o _F
:§\/§,§§iix}g: § -2 :§\§/{y’§'§{*9‘00
1_ s 212.6:_ - ¢ o eere

cosGK

N* | JP (L21.25) 2010 | 2012
N(1440) | 1/2* (Pn) [P -
N(1520) | 3/2~ (Di3) *okokk | Kk Rk
N(1535) | 1/2- (Su) ok ok |k ok ok
N(1650) | 1/2~ (Su1) ok ok | Kk ok
N(1675) | 5/2~ (D1s) wokokk | ok ok
N(1680) | 5/2* (Fis) ok | ¥k
N(1685) *
N(1700) | 3/2~ (D13) sokok | kR
N(1710) | 1/2* (P11) L
N(1720) | 3/2* (Py) P -
N(1860) | 5/2% Hox
N(1875) | 3/2 * ok
N(1880) | 1/2* -
N(1895) | 1/2— ok
7(1900) | 3/2* (Pia) ok [aa>
N(1990) | 7/2F (Fi7) o ok
N(2000) | 5/2* (Fis) ok wok
AH2686) | Dis ok
26903 | S *
N(2040) | 3/2* *
N(2060) | 5/2 wox
N(2100) | 1/2* (Pi1) * *
N(2120) | 3/2 ok
N(2190) | 7/2~ (Gi7) ok okok | Kk ok
{2 Dig wok
N(2220) | 9/2% (Hig) ok ok |k ok ok

Sophisticated data interpretation tools such as Partial Wave Analysis and
Phenomenological models are required to identify the contributing resonances.

shree Roy, Florida State Uni

ited QCD Workshop, March 08, 2016
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Photoproduction @ JLLAB and CBELSA/TAPS

@ Two major collaborations in photoproduction experiments.

@ Complimentary detectors: charged tracks at CLAS (JLab, U.S.),
neutral tracks at CBELSA/TAPS (Germany).

CLAS: almost 47 acceptance. Crystal Barrel calorimeter: coverage 30°-168°.
TAPS calorimeter: coverage 5.8°-30°.

CEBAF
Large
Acceptance
Spectrometer

DC: Drift Chamber

Picture courtesy: A. Wilson

Priyashree Roy, Florida State University Excited QCD Workshop, March 08, 2016
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Status of N* Program in Photoproduction at CLAS

Obser |6 |% |T P |E F ’G H |T, T WI., [L, ‘o,‘o,{c,{c, '

vables

 published ¢ acquired or under analysis ‘

e |v [v v [wn]r v v J7

o Ml enlfcd (Eah|lcoml 2 | Proton targets

pn v |z |v |@nle |2 |7 |7 )
iz ezl 2 e Status of multi-meson
pw/d |V |v | v ) |v |7 v 4 Tensor polarization, SDOME channels not shown here.
kA v s v |l |7 e v | |7 [7e]r|v]v

e v |« |2 v |2 le |2 e 2 |« l= ez |zl |«

ke v |/ v v Wide range of targets used:
T o o s Hy, deuterium, FROST,
e 12 |7 w |v |v |v Neutron targets HDIce

ke |7 |~ w|v |v |7

KA |7 |v 2 =z e |= Zz = iz 7 [z lz <]

K |7 | v z |z e |+ 7z |z e V& [& €] |z

K |/ 7 [«

Understanding the systematics of the baryon spectrum requires a combined effort by
different collaborations to extract and analyse results from many relevant channels.

shree Roy, Florida State Universi ited QCD Workshop, March 08, 2016
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Observables in yp — pw Reaction

Published Results in vp — pw

Isospin filter (sensitive to NV* only), reduces complexity

W =1.765 GeV 0s(0gug) = 0125 £ -
24 Cross Section : [1] Williams ef al.,
2 CLAS [1], ELSA[2], \ (Spin Observable E PRC 80, 065208 (2009)
4 fremae--LEPS [3], SAPHIR [4 el 51[1”2)11‘\7111;8’81 312?53 (2015)
HERA [5 . .
2t 151 i [3] Sumihama et al.,

A 05 0 05 1

€08(6¢m)

PRC 80, 052201 (2009)

[4] Barth et al.,

EPJ A 18, 117 (2003)

[5] Wolf, Rept. Prog. Phys.
73, 116202 (2010)

[6] Eberhardt et al.,
arXiv:1504.02221 (2015)

12001400 1600 1800 2000 2200
Photon beam energy (E) (MeV]

GRAAL [7], [8]

05+
ELSA[9]

0 [7] Vegna et al.,
05 PRC 91, 065207 (2015)
[8] Ajaka et al.,
R PRL 96, 132003 (2006)
[9] F. Klein et al.,
1 . PRD 78, 117101 (2008)
0 0 0 A :
Poo-P1-1-Re(ply) | (Spin ::zin[’g]ble © §: G - -+ High quality polarized SDMEs
0.5 L ELSA [2], CLAS [1] o2t ,/'”+ 7’1"*\4\ - from CLAS, Brian Vernarsky (CMU),
., t =

+ to be published soon.

af
ool 121313 MeV
£ (11081300 MeV)

EX] [0 05
€os O m, ©0S(62ys)
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Observables in yp — pw Reaction

Partial Wave Analysis of yp — pw Observables

*rating in PDG 2014

Pol. SDMEs and X were crucial Particle JE  averail| Nuw
to understand the t-channel back- PR T
ground: Major contribution from N(1685) 77 x

N(1700) 3/2 | s%x*
N(1710) 1/2F s ok
N (1720)3/2 skoskskok

N (1860) 5/21 s«

i

pomeron exchange mechanism.

BnGa PWA 2016 R
(coupled-channel) using ELSA data N(1880) 1/2F s
Notable 771 Suggestive ALSORILE [
contributon ~ “---° evidence N(1900) 3/27 sk ok
N(1990) 7/2F s
-
CLAS PWA 2009 soassedse | -
Notable .... Suggestive IV (2060) 5/2; ok
contribution evidence N(2100) 1/27 =

N(2150) 3/27

I. Denisenko ef al., Phys. Lett. B (2016)
M. Williams ez al., PRC 80, 065208 (2009) N(2250) 9/27 sk

ree Roy, Florida State Uni
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Observables in yp — pw Reaction

Partial Wave Analysis of yp — pw Observables

*rating in PDG 2014

Pol. SDMEs and X were crucial Particle JE  averail| Nuw
to understand the t-channel back- PR T
ground: Major contribution from N(1685) 77 x

N(1700) 3/2 | s*%x
N(1710) 1/2F s ok
N(1720)3/2 sokskok
N (1860) 5/21 s«

N (1875)3/2™ | *x*x* Kok
N(1880) 1/2F s
N(1895)1/2~ | #x

i

pomeron exchange mechanism.

Need more polarization observables,

|

in particular to understand W> 2 GeV N(1900) 3/2F s o
region: N (1990) 7/2F s
-
@ N(~ 2.2 GeV) Uncertain J*: (;828) 2/;_ *
1/27,3/2%,3/27 or5/2% 77 N(2100) 172"
_ N(2150)3/27 %%
® N(>2.1GeV)7/272 TR(B190) 75} ween |
IN(2320)6727F 7 s

N(2250)9/27  sokxok

ree Roy, Florida State Un
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Spin Observables in Yp — pw from FROST using CLAS

Observables in yp — pw Reaction

Data taking: Oct 2007 - Jan 2008 (g9a)
Mar. - Aug 2010 (g9b)
W range covered: ~ 1.5 - 2.3 GeV
Target: FROzen Spin butanol Target
Target pol.: Longitudinal (g9a run)/
Transverse (g9b run)
Photon pol.: Linear/Circular

Prelim. results (Priyashree, FSU)
(Almost final results)
Data acquired

Beam 10
Linearly Pol.

Getting close to a ‘complete experiment’!

Priyashree Roy, Florida State University Excited QCD Workshop, March 08, 2016 10721
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Observables in yp — pw Reaction

Highlights of the CLAS-FROST Data Analysis

@ Topology for pw (89% branching fraction):

1.6 - 1.7 GeV

5 — pr o~ (missing 7°)

Topology identified using Kinematic fitting. 1200
@ Standard cuts & corrections: vertex cut, photon 21000
selection, (3 cuts, E-p corrections. 8 a0
@ Event-based method!"! for signal-background 400
separation. il

Total
Signal
Background

I I I | I I | I
800 550 600 650 700 750 800 850 900 850 10

@ Event-based maximum likelihood method!? for
extracting polarization observables.

[1] M. Williams et al., JINST 4 (2009) P10003
[2] D G Ireland, CLAS Note 2011-010

hree Roy, Florida State Uni ity ited QCD Workshop,

3-pion invariant mass (MeV)

rch 08, 2016
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Observables in yp — pw Reaction

Beam Asymmetry X in Yp — pw from FROST

Y
A
Linearly 4 w
e S
VAN N\ e LYe p
»
Recoil P

w reconstructed from 7+ 7~ (7%)
o = og[l — 3 d;cos(2¢)
+Acos(a)(—8;Hsin(2¢) + o F)
—Asin(a)(=T + 6;Pcos(2¢))]
—A.(=0,Gsin(2¢) + OoE)]

0o (0;) : degree of beam pol.
A : degree of target pol.

Priyashree Roy, Florida State University Excited QCD Workshop, March 08, 2016
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Observables in yp — pw Reaction

Beam Asymmetry X in Yp — pw from FROST

ool YOS = FROST (gOb-inear
o.6F -+-GRAAL (2015) E -+ GRAAL (2015)
o-ap E ‘ -+ GRAAL (2006)
o i f
ozf  —et gy TET T -
T N
P 1 £,

on 1100:1200 MeV | 13001400 MV,
0.2 +

-0.8F

-0.8

A\ -
E -\ b+
E 1500-1600 MeV 1700-1800 MeV.
b —+ | ‘
AT TV
3 4+ 3 + 1++
E . 1900-2000 MeVf -
20 40 60 8 100 120 140 160 180 20 40 60 80 100 120 140 160 1¢
Ocm

Priyashree Roy, Florida State Uni

0

FROST: transversely polarized target
GRAAL: unpolarized target

Good agreement between FROST and
GRAAL (2006) results. New results
at high energiYes.

A
Linearly 4 w
frstere [5'/ e fe
A RAVAVAVAC AR Koy
»
Recoil P

w reconstructed from 7+ 7~ (7%)

o = og[l — 3 d;cos(2¢)
+Acos(a)(—8;Hsin(2¢) + o F)
—Asin(a)(=T + 6;Pcos(2¢))]
—A,(=6,Gsin(2¢) + IoE)]

0o (0;) : degree of beam pol.
A : degree of target pol.

Excited QCD Workshop, March 08, 2016
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Observables in yp — pw Reaction

First Measurements of T, P in Yp'— pw from FROST
;I'?rget-Asym. T

o FROST (circ. pol. beam) = FROST (lin. pol. beam)

E,: 1250 MeV

E,: 1350 MeV

E,: 1550 MeV
-

F

E,: 1450 MeV
S arry PR S o 1§
. jo—gof¥ T

- L]
T aegd T

WS

E,: 1650 MeV

E,: 1750 MeV
o

E,: 1850 MeV
<

E,: 1950 MeV
&

.
8 ge¥

]
Rl

-85

- ,*ﬁ

T

A

Vs
EH

by

4

fii?

E,: 2050 MeV

E,: 2150 MeV.
-

E,: 2250 MeV

2SS

E,: 2350 MeV

- e s

Lo Fe S
L A

FE PN
- ® A

*

f¢¢7 i

E,: 2450 MeV

aa” SN

E,: 2550 MeV

* ¢4

E,: 2650 MeV

E,: 2750 MeV

MAS SN I

o0
e

LA

e es
#

< e
f

-1 -05 0 05

-1 -05 0 05 -

cosOg .

05 0 05 1

05 0 05

The two experimental results on target
asym. T from FROST agree well.

hree Roy, Florida State Uni

ited QCD Workshop,

ou Recoil-Pol. P (FROST)

= S R 5

T “+

o 1100:1200MeVE | 12001300 Mev

o Ry +

::‘:‘ _...1500-1600 Me :-‘ ... 1700-1800 MeV|
cos ®:f_m_

o = og[l — 3 d;cos(2¢)
+Acos(a)(—6;Hsin(2¢) + 6o F)
—Asin(a)(=T + 6;Pcos(2¢))]

—A,(—0,Gsin(2¢)

+ oE)]

0o (0;) : degree of beam pol.
A : degree of target pol.

h 08, 2016
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Observables in yp — pw Reaction

First Measurements of F, H in yp — pw from FROST

... Observable F (FROST) = Observable H (FROST)
’ E,: 1250 MeV E,: 1350 MeV E,: 1450 MeV E,: 1550 MeV o 3
DA gy e, . ——
) MRS ) e v I JENEE S T
08 E,: 1650 MeV E,: 1750 MeV E,: 1850 MeV. E,: 1950 MeV s 41001200 MeVE |, 1, .. 1200:1300. MeV
0 +++,, - ,*_*_ +**6 s oo 1’ - ook 3
e X SRCAC RS 55 20
0.8 =6 7F, ———+ —
+E, 2050 MeV E,: 2150 MeV. E,: 2250 MeV E,: 2350 Mez o 3
—.7* 0.6 E
0 = Y ST P AT SN SN TR S osf y 3
""‘7‘ "Y * M ¢¢’ ‘ 4"”‘ ‘ B -0.‘3 -0.‘5 -0.‘0 DES?OQ‘QIZPOH‘EMHEV -05 VG f‘J‘ 0}7000011§‘095MUEV
0.8 Cos®c.m.
[ E,: 2450 MeV E,: 2550 MeV E,: 2650 MeV E,: 2750 MeV o= 0.0[1 _ E (SlCOS(Qd))
o gttt ettt Acos(a) (—0iHisin(2) + 0 F)
¢ —Asin(a)(=T + 6;Pcos(2¢))]
'0'8-1 05 0 05 1050 051050054050 051 —A(=6Gsin(2¢) + JIoE)]

(0]
c0s O¢ m

F and H are double-polarization observables. 06 (0) : degree of beam pol.

A : degree of target pol.

Priyashree Roy, Florida State Un Excited QCD Workshop, M
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Results in ¥p — pr¥7? from ELSA

V. Sokhoyan et al., EPJ A 51, no. 8, 95 (2015)

5, 5, 5 5, @ Allow the study of sequential

T ey decays of intermediate N *.
05
@ Not sensitive to N* — pp.

N i) q T 1

Bs - UB 0 1500 500 7001

cos 6, cos, Mipx), MeV M(xz), MeV.

970<E <1200MeV | 1200<E <1450 MeV | 1450<E, <1650 MeV Nk’ &‘
05t 05<costct 05<cost 1 05 <oost <1 A

E,=1500-1700

S n
OT0<E <1200 el | T200<E, <I45ONGV | 1450<E, < GBONGY Nk’ﬁ

05 05<cosh < 05<0os <1 05<cosd <1
i L %‘L’T’; / 0

Lo
100 200 300 0 100 200 300 100 200 300 Proton
o', deg o', deg ¢, deg

N(1680)




Introc

Summary and (

V. Sokhoyan et al., EPJ A 51, no. 8, 95 (2015)

Sequential decay of N* to multi-pion final — N AE
state via intermediate excited baryon states. A
n
BnGa PWA observed new decay modes Y
in the decay of N* resonances. I NK,KK
S/t
Proton

N* (A + p excited) N« (L=1) =

+
%83585:’1}?; N(1520)3/2
N (2000)5/2F } N(1535)1/2
N(1990)7/2F

Priyashree Roy, Florida State University Excited QCD Workshop, March 08, 2016
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Results in 49— pr ™7~ from FROST @ CLAS

@ Allow the study of sequential decays of intermediate N* and also N* — pp
decay but the large hadronic background makes it challenging.

@ Reaction described using 2 planes (5 kinematic variables) — more spin
observables than in single-meson photoproduction using polarized beam
and target. o

2 beam-pol. observables: I¢, I¢ I? vanishes, I° survives.
Unlike only one (X observable) in

. . W. Roberts et al., Phys. Rev. C 71, 055201 (2005)
single-meson photoproduction.

Priyashree Roy, Florida State Univ Excited QCD Workshop, March 08, 2016
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Spin Observables for ¥ — pr ™7~ from FROST @ CLAS

4000 Butanol ] TOpOlOgiES for p7T+7T_ .
3500 Signal . + P _
Background Yp — pm" (missing 7 )
3000 Carbon P — pr~ (missing 7T)
Scaled Carbon - — . .
2500 5§ — pr T~ (no missing particle)

2000

1500

1000|

50!

[S)

50

oo s AP PP M i i s
100 150 200 250 300 350 400 450 500
(MeV)

Prelim. results (Priyashree, FSU)
(Almost final results)

Prelim. results available sc sc s s.c
(FSU, USC) pria Py Py ™ PP,
Data acquired Pfy’ Px,y’ 'G PS’ P, "’

The observables are weighted avg. over topologies.

Event-based method for signal-background
separation.

Event-based maximum likelihood method for
extracting polarization observables.

rget|  Transversely Pol. Longitudially Pol.

ee Roy, Florida State Uni

rch 08, 2016
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Beam Asymmetry I¥ in Yp — prtaw—

Example: 1.30 < E, < 1.40 GeV (Total E,, range covered: 0.7 - 2.1 GeV)

® FROST (preliminary) @ C. Hanretty et al. , CLAS-g8b run
(in preparation for publication)

o — BnGa fits to I°, CLAS-g8b run
——Fourier sine 1

0 ; 1300-1350 1300-1350 1300-1350 1300-1350 300-1350
X . >
o &\ [ I e, /\4% %
g 3
) r 3 ¢
0 ,%% sod U'i cos6 (-1-0.8) c0s (-0.8 -0.6) cos6 (-0.6 -0.4) cos0 (-0.4 -0.2) cos6 (-0.2 6)

3 0'5 4300-1350 300-1350 1300-1350 1300-1350 1300-1350
- L
0
. [-1.0<cos(0_) <-0.8 |-0.8¢ cos(0. ) <-0.6} -0.6< cos(0. ) <-0.4F-0.4< cos(0_) <-0.2}0.2¢ cos(0.) <-00| o
E  cos0(00.
13220
5

W SN

®
0s0 (0.2 07 c0s6(0.4.0.6) c0s0 (0.6 0.8) 0s0 (0.8 1
o8 sesi £9s8 083
0 1350-1400 1350-1400 1350-1400 1350-1400 350-1400
N X Lo
- Of oo, TN g, %
05| o °
0 s (-1-0.8) 050 (-0.6-0.4) f cos6 (:0.4-0.2) c0s0 (-0.2
1 fenSB208 sl o £os3.
» o5k o 4350-1400 1350-1400 1350-1400 1350-1400
b 0 /\‘\_/ % f\y/
0.0< cos(0 ) <0.2 F0.2¢ cos(0, ) <0.4 F0.4< cos(9,) <0.6 F0.6< cos(6_)<0.8 [0.8¢cos(6,)<1.0 |.0. -
; ) )<2 s 0) < + 0) - ; ) + + 00 4 09 ¥ cos0 (0.2 0] c0s6(0.4 0.6) 050 (0.6 0.8) c0s0(0.81)
- 0 - 0 - 0 - 0 - 0 q) 1 90 90 0 90 90 0 90 9 0 90 90 0 90
o o)

Good agreement between experiments

I =Io{0;[I°sin(28) + I°cos(20)]} g

hree Roy, Florida State Un d QCD Works|
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First Measurements of Target Asym. Py y in yp'— prtn~

Example: 1.3 < E, < 1.4 GeV (Total E,, range covered: 0.7 - 2.1 GeV)
P, Py

0.4 0.4
i
P, o J‘\ - " S st P, 025 AR Pl 2N e e ¥l
e R PR LA Rt R RN S RV S
04 1.0 cos(6,.) <-0.8 £-0.8¢ cos(, ) <-0.6 [-0.6< cos(6, ) <-0.4 F-0.4< cos(0, ) <-0.2£-0.2¢ cos(6, ) <-0.0 04 1.0< cos(0,.) <-0.8 [-0.8¢ cos(d, ) <-0.6 [-0.6< cos(d, ) <-0.4 [-0.4< cos(d, ) <-0.2 [-0.2¢ cos(6, ) <-0.0

& +
RN BN Paary
4yte
0.4 0.0< cos(h, ) <0.2 F0.2¢ cos(d,) <0.4 [0.4< cos(d, ) <0.6 [0.6¢ cos(®, ) <0.8 F0.8¢ cos(s,) <1.0 | [0.0¢cos(9,) 0.2 [0.2¢ cos(0,) 0.4 [0.4< cos(o,) 0.6 [0.6¢ cos(9,) 0.8 [0.8¢ cos(o,) <1.0
-0.4

-202-202-202-202-202¢ -0.-._202_202_202_202_202(1)
T e

01 m Ah Ab o patatt, Lt et 0‘ paE
ppve LR SR A R et +¢

FROST g9b (lin. pol. beam) Solid Line - Fourier fit (n < 3)

Target's
pol. direction

3-dim. phase space: (E,, ¢, cost,)

I=1o[1 + Acos(a)Py + Asin(a)Py] : -
A : degree of target pol.

Priyashree Roy, Florida State Universi ited QCD Workshop, M 20/21
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Summary and Outlook

@ Photoproduction of vector mesons and multi-pion final states:
essential to discover new resonances and better understand the known
resonances. These decay modes have mostly remained unexplored in the

past.

@ Many first time measurements of single- and double-polarization

observables from CLAS-FROST for 75 — pw and ¥p — pr 7~ :
they will significantly augment the world database of polarization
observables in photoproduction.
@ The new high quality CLAS results are expected to put tight constraints on data
interpretation tools, immensely aiding in determining contributing N* with

minimal ambiguities.

@ The findings in the light baryon sector together with the findings in strange and
heavy flavor sectors (GlueX, LHCb, BES III etc.), will help us understand the

evolution of bound states of QCD from light to heavy-quark regime.

Priyashree Roy, Florida State Univ Excited QCD Workshop, March 08, 2016
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International Conference on the Structure of Baryons

BARYONS 2016

May 16-20, 2016
Florida State University
Tallahassee, USA

This work is supported by
DOE# DE-FG02-92ER40735

Topics:

Spectroscopy of Light/Heavy Flavored Hadrons 5
Electromagnetic and Weak Interactions 4 '
Structure of Hadrons & Hadron Interactions an Ou °
Hadrons at Finite Density and Temperature
Recent Approaches to Non-| Perturbatlve QCD :
and Insti

other Related Topics

assanteon il

ited QCD Worksh:
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Photoproduction Cross Section

T T

® y +p total

10 . f  g000 0888835, -
f:_. 1 %w:‘ L 00%55;;5”mﬁg.@%gg
J:s ’;;"-iggAQ ]
5 S LELL L1 F ]
sl . #% o bizki
X = .'; g Wy EE é
3 g E
[ 2 3 ]
L _g i % ? 3 2]
10'4 (e
0.5 1 1.5 2
E(GeV)

hree Roy, Florida State Uni

ited QCD Workshop, M
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Vertex cut

=
(=]
)

—— p i+ n- data
[ Butanol data
I Carbon data
[ CH2 data

—+— Atfter y selection & 8 cut

1.2

L B B B B

5 10
Z-vertex [cm]

Florida State Un 2 /orkshop, h 08, 2016
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Event-Based Qfactor Method with Likelihood Fits

3

Events / (33.3333 MeV )

8 8 8 38 8

= | h L L
o 50 100, 150 200 250 300 350 400
\ wmass (MeV)

1
Seed event's mass

@ A multivariate analysis - For each event ("seed event"), find N nearest
neighbors in 4-D kinematic phase space (E,, 8%, ¢*, cos(6,)*™). Plot mass
distribution of the IV + 1 events and fit.

@ Since N is small (300), use ML method to fit the mass distribution.

L =TI (mi, a) + P59 (my, B)]

Q o Signal(mo’oébest)
seed—event — (5797l (mg,alest)+ f BEI (myg,B0e5t)]?

mg- seed event’s mass.

@ Computation time reasonably minimized- fits 10,000 events in 30 min.

Priyashree Roy, Florida State Uni / Excited QCD Workshop, March 08, 2016



® FROST (preliminary)

+—Fourier cosine fit to g8b

Introduction
Results
and Outlook

Example: 1.30 < E, < 1.40 GeV

® C. Hanretty et al. , CLAS-g8b run
(in preparation for publication)

%&*
* *

-1.0< cos(6_) <-0.8 [-0.8< cos(®_) <-0.6

e T o

e oo per]

* -

SRy

-0.6< cos(6, ) <-0.4F-0.4< cos(6_) <-0.2f-0.2< cos(6_) <-0.0

0.0< cos(d_) <0.2 F0.2¢ cos(o, ) <0.4

B

0.4< cos(8, ) <0.6 [0.6< cos(6,) <0.8 0.8< cos(6,_)<1.0

2 0 2 2 0 2

2 0 2 2 0 2

2 0 2¢

Good agreement between experiments

'ﬁd
S5 ol

— BnGa fits to I°, CLAS-g8b run
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