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Baryon Resonances

m Approximate models are used
to describe the nucleon
pectrum
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Polarization Observables

Spin Helicity
observable representation

Q' =16 HH |+ | H |+ |Hl | HylP)
Q=3 Re(— H\H{ + HH})
0= -7 Im(HH; + H;HY)
0Z=p Im(— H,Hj — H,H})

0V =c Im(H,H} — H,HY)

0= H Im(— H,H{ + H\H3)

Q' =F 3|y | 2= | Ho| 2+ | Hsl 2= | Hyl2)
ol'=F Re(— H,H| — HyH;)
o= 0, Im(— H,H{ + H,H3)

flT = —é, Im(H,H:—HzH;‘)
%= -, Re(H,H{ + H HY)
0= -C, (| H|2+ | Hy| 2= | Ha| = | Hy|?)
0= -T, Re(— H,H{ — H,H})
Q=T Re(— H,H} + H,HY)

0 =1, Re(H,H{ — H H3)

0% =1, = |H [+ | H P+ |- H)

[l 1

m Photoproduction of single pseudoscalc
mesons is described by four comple
helicity amplitudes, which descri
spin combinations of incor
outgoing particle
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Available World Data

wp— KTA Observ. Ngata x? /Naata

[43] CLAS  do 1320  0.69
[51] LEPS 45 2.11
[50] GRAAL 66 295
[43] CLAS 1270 1.82 (62] CLAS
[50] GRAAL 66 0.59 [51] LEPS
[52] GRAAL 66 1.62 [52] GRAAL
[40] CLAS 160 1.52 {gﬁ{ %g
40] CLAS 160 1.58

=52} GRAAL 66 1.95 [40] CLAS
[52] GRAAL 66 1.66 ~p— KOt

~p— KtX?  Observ.

[63] CLAS
[64] SAPHIR
[65] CBT
[66] CBT
[65] CBT
[66] CBT
[66] CBT




Experimental Setup

®m The FROST experiment was first approved in 2002 with CLAS, ran in two
parts in 2007-2008 (gYa-longitudinally polarized target) and 2010 (g%b-
transversely polarized target)




JLab, CLAS, and the Tagger

Up to 5 passes for a max of ~ 6 GeV
(upgrade allows ~12 GeV)

After bremsstrahlung, recoil electrons
are bent towards the electron dump via
a dipole magnetic field created by the
tagger magnet

Jefferson Lab
CLAS Detector

Tagger had ability to measure electron
energies that are then used to
calculate the energy associated with
the photons and timing of accelerator

CLAS had almost full acceptance, 80%
of 4t coverage
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FROST Target

The FroST target and its components: [Butanol Composition:]

A:Primary heat exchanger —_—
B:1 K heat shield C,H,OH + liquid He

C:Holding coil

D: 20 K heat shield
E: Outer vacuum can (Rohacell extension)

F:CH2 target E D C
G: Carbon target \ ‘

H:Butanol target
J:Target insert
K:Mixing chamber
L: Microwave waveguide
M: Kapton coldseal

Performance Specs: - //" ,/‘/ J / |_"
Base Temp: 28 mK w/o beam, 30 mK with G H K

Cooling Power: 800 pW @ 50 mK, 10 mW @ 100 mK, and 60 mW @ 300 mK
Polarization: +82%, -90%

1/e Relaxation Time: 2800 hours (+Pol), 1600 hours (-Pol)

g9b FROST Target Polarization
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Event Selection

d data for events

Delta T Spectrum Beta vs Momentum cuts
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Vertices

Vertex using MVRT

Perp-Vertex (cm)
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Corrections to Dato
= Bad TOF paddles cut

m Sector dependent momentum correction applied

= Timing offset between protons and pions in TOF corrected

Hadron Mass in sector 3 Missing mass of K* X from butanol vs ® Before Correction
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Missing Mass Cuts

yp—=KpX
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Extracting g-dependent
Observables:Moment Method

S - dg)(l plab P Fcoso — Pl Tsmo

ne phi dependent density function within each W and cosine

g E; cosa d30'
[ (@)= pL I I e(E.6.p) (cos O)dEdD d(cos 8)dE

Ejycosbjy

£, (@)=a,+Y [a, cos(me)+b_ sin(mo)]



Moment Method Continued

b — fz (d)cos(nd)dd — Zy, = fz (0)sin(no)do
0 0

ZM +Z31 —Zcy — Zpa
PC(YAO +Ypo — Y.w - YBQ) + Pa(yco+ Ypo— Yoo — Yoa)

2Ps + Po) Po(Ya1 — Yei) + Pa(Ypa — Yeu)

F = - - N .
PaPe(Aa+Ac) Po(Yao + Ypo+ Yao + Ypa) + Py(Yoo + Ypo + Yoo + Ypa)




Background Subftraction

= Quasi-free kaon production is suppressed on carbon — so need o
subtract free protons from bound protons

= Fit A and 2 9signals with Gaussian
it remaining background with cubic polynomial| °
ombined fif

yp—>K'X

resultW15CTH2D resultW15CTH2D




Background Subtraction

Example of Background Subtraction for W = 1875 MeV

Gaussian
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Results

m Results forE, L, L, T,F, T, and T,

X’ =z’

ompared to theoretical models

AID...isobar model
' BOGA)...coupled channel PWA




E for K*
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EforKt2O

| Helicity Asymmetry for K'z", E ~ 1.3 GeV | | Helicity Asymmetry for K'z", E ~ 1.4 GeV |
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L, and L, for K* /A

| Polarization Transfer L , (Ev =~ 1.5 GeV) |

Polarization Transfer L, (EY =~ 1.5 GeV) |

11— — SAID
— Bonn-Gatchina
B — kaonMAID
0.5

J 0
-0.5 = — SAID
L — Bonn-Gatchina
: — kaonMAID
-1 i i i i i i i i i e g S
e e b P e b B B B I a 1 0.8 -0.6 .4 2 \ 0.2 0.4 0.6 0.8 1
-1 08 -0.6 -04 -0.2 0 02 04 06 08 1 N
cos 6, / ces V.,
™ u
h DL
L|‘WT%-\§5£
i o I — _—’

]
h M__ E,=1.2 GeV

L I P R R TP TP PRI RPN E
-1 -08 -06 -04 -0.2 o 0.2 0.4 0.6 0.8
cos o
1—
05— l
s T4+t
‘ I - |

o ‘ ‘ E,=1.75 GeV

N

PP EPU P PP PP RPN IR S PP PR
PP P PR PSP PR I P I R B -1 -0.8 -06 -04 -0.2 0 02 04 06 08
-1 -0.8 -06 -04 -0.2 [ 02 04 06 0.8 cos 6,

cos 6, o=




[ for K*
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[ for K*

T asymmetry
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T, for K*

T xas
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T, for K*
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F for K*

T asymmetry T asymmetry T asymmetry

T asymmetry
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Conclusion

= More kaon photoproduction data necessary to help solve
missing resonance problem

or many of the observables for kaon



