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Existing Data from CLAS
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One of our most cited CLAS papers ®

glc dataset:

 Acquired Oct. - Nov. 1999
* Electron beam energy 2.9 GeV
« 18 cm IH, target, (i) = 10 nA

C.. C, data:
W: 16 — 253 GeV
cos 0,M: -0.85 — 0.95
Data sort:

C...C, vs. W binned in cos 6,cM
C..C, vs. cos 6,°M binned in W
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Motivation

(D A lot of high-quality data has been collected from exclusive meson photo- and electroproduction
experiments.

* This advancement has allowed for marked progress in mapping out the N* spectrum and in
understanding the internal structure of these resonant states.

The high-precision data from CLAS on exclusive K*Y photoproduction have proven crucial in this
advancement.

« With these data, roughly a dozen N* states have been confirmed within global multi-channel
analyses with a decisive impact from the hyperon polarization observables.

Gaining insight into QCD in the non-perturbative regime requires not only high-precision experimental
data, but advanced reaction models that accurately describe the data over a broad kinematic range.

 The constraints that reaction models provide are only as good as the quality of the data.

€D This work is an extension of previously published CLAS photoproduction data on the A polarization

observables C, and C,.
« Extend W from 2.5 to 3.33 GeV - much improved statistics in overlap region 1.78 < W < 2.5 GeV.



State
N(mass)J?

N(1710)1/2
N(1875)3/2-
N(1880)1/2"
N(1895)1/2-
N(1900)3/2*
N(2000)5/2*
N(2060)5/2-
N(2100)1/2"
N(2120)3/2-
A(1600)3/2*
A(1900)1/2-
A(2200)7/2-

XX

*

Evidence for New N*

in KY Channels

g

iz EEas
H I

172+ | 3/2+ || 5/2+ 13/2+
B, B, F; K ;s

U. Léring, B. Metsch, H.R. Petry, Eur. Phys. J. A 10, 395 (2001)

LQCD predictions support CQM
J. Dudek, R. Edwards, PRD 85, 054016 (2012)

Decisive impact from CLAS KY photoproduction data

- Extend studies to KY electroproduction and to
higher masses




Importance of A Polarization Observables

A Recoil Polarization
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Hyperon Photoproduction Polarization Observables

Target (P")  Recoil (P*) Target (P" ) + Recoil (P")
Most general form for photoproduction ¥y 2 X x ¥ ¥y ¥y ¥ 2 2 ¢
of pSZUdOSCGlGr‘ mesons ybeam ( P") x 0y oz x 'y z x 'y z x 'y z
unpol: O T P T i‘;' > f‘z, I:z,
1 Dy A Prsin2g: A é ; B P
do = §(d00+2[—PB cos(26,)] + T[PT) + P[P pin2e: B 60, 6 ¢ ¢
- pT | Arpr pT o ST 4 F11 DY BT win (04 B cos2¢,: X o’ o L g % t I
+E[-P] P, | + G[P, P, sin(2¢,)| + F|P] P, | + H|P/ P, sin(2¢,)] cir BT B & é o 5 6 " "
+Co[PYPR) + C.)[PYPR] + O | P} PR sin(26,)] + O.:[ P P sin(2¢)] :
p

+ Ly[PTPR) + La[PT P + T[T PE| + T [PTPE)).

Simplification/reduction for the case of circularly
polarized beam and polarized recoil

do
0o

=009 (1+aP7Cycosb, +aP'C,cosf, + aP cosb,)

I 1

Focus of this work

A rest frame




Topologies:

Two-track K*, p

Data Analysis

« Three-track K*, p, ©~ (cross check only)

Standard Cuts and Corrections:

Track vertex timing cut

Track vertex coordinate cut
Fiducial cuts

Bad element knockout

Multiple photon cut

Energy, momentum corrections

Statistics, and Systematics

CLAS-Note 2017-002:
912 Analysis Procedures,

gl2 Standard
Analysis Checklist

Procedure

Used PART bank reconstruction forthe | N/A  Yes N
analysis. EVNT was NOT used O vl

=

Momentum corrections as described in | N/A  Yes
the g12 note O 4|

=

Beam energy correction as described in | N/A  Yes
the g12 note O |

nD&nfndns

Inclusive "Good" run list as described | N/A  Yes
in table 7. Individual analysis may use | [] vl
a subset of it

=

Target density and its uncertainty as | N/A Yes
described in the g12 note w O

=

Photon flux calculation procedure as | N/A  Yes
described in the g12 note m O

=

Lower limit for the systematic uncer- | N/A  Yes
tainty of normalized yield is 5.7% v O

=

Photon polarization calculation proce- | N/A  Yes
dure as described in the gl2 note O m

0&nsnsngns

Systematic uncertainty of the photon | N/A Yes
polarization as described in the gl2 | OJ vl
note

gsim parameters N/A  Yes No
@ OO
Epp smearing parameters N/A  Yes No
d OO
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Kinematic Fitting
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Counts

Counts

Yield Determination

W-dependent spectra

after kinematic fitting Example fits: W [3.1:3.2] GeV
| W(GRV) - [Enties 251345 | W (GeV) fEnties 265707 Signal: Voigtian
- [1.79:1.81] - [2.07:2.09]

Background: linear

;

©
o
I T

@
o
I

[2}
o
Illllll

IBAANREAERARNRARE RARE RARE:

Events / (0.002 GeV)
T

o
o
I||l

Cooilinnala, Mrtruriel NI T AP P Licenl,

~ W (GeV) Entries 207344 - W (GeV) Entries 86101

- [2.17:2.19] L [3.20:3.33]

H
o
lll

Counts

-
|-+
4

T
[=)
ST

1.095 11 1105 111 1115 112 1125 113 1.135 1.14

10811 112 114 11108 1.1 112 114 116

= T
1.08 1.1 112 114 1.16 1.08 1.1 1.12 114 1.16

MM() (GeV) MK (GoV) f(MM) MM(K") (GeV)
Q-factor method (multi-variate analysis): |
. 1.08 1.1 112 114 116
 Separate signal from background
* For each event, find N nearest neighbors in Final A yields from Q-weighted
kinematic space (cos 6¢“M, cos 6,M, &,, W) distributions

« For each event: f(MM) = f;-S(MM)+ (1 - fs)- B(IMM) o



Polarization Extraction

Traditional Extraction Approach:

Alternate approach:

Perform simultaneous extraction
of C,, C,

« Define likelihood function in

terms of "PDFs”

Extract C,, C, minimizing the
log likelihood using the event
defined Q-factors

N, — N_

A(cos82/%) = N, N aPyC,,, cos 6%/
N

L= HP@, Likelihood function
1=1

Probability density function
Pc(cos by, cos0,|Cr, C,) = 1 & a Py (O;E COS 9;: + C, cos 9;)

N
—log Lo = — Z Qi log(Poa (C cos b + C; cosb7))

1



cm
K*

cos(0

0.8
0.6
0.4
0.2

-0.2
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-0.6
-0.8

Data Binning

i _I I’L. - ;\_IJEH. 1] |

| Ol 1

| | | | | | | | | | | | | | | | | [ |

W Range (GeV) |No. of Bins| Width (MeV)
[1.75,2.35) 30 20
[2.35, 2.50) 3 50
[2.50, 2.56) 1 60
[2.60, 3.20) 6 100
[3.20, 3.33) 1 130

cos O™ Range

[—0.85, —0.65), [—0.65, —0.45), [—0.45, —0.25),
[—0.25, —0.05), [=0.0,0.15), [0.15,0.35),
[0.35,0.55), [0.55,0.65), [0.65,0.75),
[0.75,0.85), [0.85,0.95]
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Two-Track vs. Three-Track Comparison
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Systematic Uncertainties

Method for assignment:

Z ijm : Oilt 2
o |2 ol

\ Z(ao:iomf

1

Measurement uncertainty is
dominated by counting statistics

Point-to-Point Uncertainties

Source 0C, oC,
Timing cut 0.0034 | 0.0034
Vertex z cut 0.0134 | 0.0120
Vertex 7 cut 0.0075 | 0.0073
Fiducial cuts 0.0087 | 0.0084

Confidence level cut| 0.0172 | 0.0236

Q-value 0.0128 | 0.0145

Total 0.028 | 0.032

Relative Scale-Type Uncertainties
Ps 0.05C, | 0.05C-
o 0.009C |0.009C,
Total 0.051C. |0.051C.,
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The paper does not discuss the very interesting question of the
guantity “R” introduced in the 2007 paper. The three components of
the A polarization seem to add up quite close to unity. As far as |
have seen it is still not something that is explained in a qualitatively
convincing way.
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“The paper does not discuss the very interesting question of the quantity “R”

introduced in the 2007 paper. The three components of the A polarization

seem to add up quite close to unity. As far as | have seen it is still not something

that is explained in a qualitatively convincing way.”
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Summary

New measurement of C,, C, beam-recoil transferred polarization data for exclusive
photoproduction of K*A from the CLAS g12 dataset are now (finally) available.

New data greatly extend the well-cited/well-known data published by the CLAS
collaboration in 2007 in terms of W coverage and in terms of statistical precision.

No existing models - single channel or coupled-channel - describe the data well
over the full kinematic range of the new data, so we expect that reconsideration
of these models in view of these new results may lead to new insights into the
contributing N* states that couple to K*A.

The extended coverage to higher W will enable improved understanding of the non-
resonant backgrounds that extend down into the N* domain.

An important next step is to include these new CLAS data into the model fits.
P This work is now getting underway.

Paper completed ad hoc review in June and the CLAS-Collaboration review period is
now in progress.
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Motivation

Status as seen in

Particle J¥ overal Ny N7 Ar No Nn AK XK Np Nw Ny
N 1/27  wkx

N(1440) 1/27  skkd  wkokx okkx oknk Fxk
N(1520) 3/27 sk sakx skokokk sokdok k% dokkk
N(1535) 1/27  sskar  sokorr sokdok ok kobkk
N(1650) 1/27  sxkx sokosksk sk kkx % sk ok
N(1675) 5/27 sk skkx shobokk sokkok kxk % * *
N(1680) 5/27  sxxx  sokkk skrk dokkx kokk % * *
N(1700) 3/27  s*x Kk kkk  kkk k%
N(1710) 1/27  ssxx soks skxx % wkk  kk ok *
N(1720) 3/2%  skkd  mkx ddkokx dkx * % Kokkk ok *
N(1860) 5/2% =« * *% ¥ %
N(1875) 3/27 #*x *k k% X Kk * * * %
N(1880) 1/2+ Kk *k Ok *% % * *k kK *ok
N(1895) 1/27  sxxx  sokkk % * * skkk kk  kk Kk ok ok kK
N(1900) 3/2+ wkkk  kkkk Rk kX * ¥k k¥ * *k
N(1990) 7/2%  *x sk xk * * *
N(2000) 5/2% s % % % ok * %
N(2040) 3/2% =« *
N(2060) 5/27  s*x Hrk kk ok * x *
N(2100) 1/27  sxx *k  kkk kk k% * o
N(2120) 3/27 sk Hkk  kk kR kK **% ok x %
N(2190) T/27  wxkk bk kkkk k% k% %k % % %
N(2220) 9/21  skkd  #x xkkx * *
N(2250) 9/27  sxxx %k sxxk * *
N(2300) 1/2% == *ok
N(2570) 5/27 #x *o
N(2600) 11/27 **x* *okk
N(2700) 13/2" *x *x
* % #x  Existence is certain.
* ok % Existence is very likely.
*ok Evidence of existence is fair.
* Evidence of existence is poor.
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