&
$
/
/
3 « "\'. .

- A ,- e
"((\ ‘ ) i - -'__.;
3y ene uk - : ,
. dlene. Ragy b
fff.ersonlhb A T

for th;e CLAS Collﬂboratlon
2
!"1*1‘ "i"«

Wichita, Kansas, USA
July 23 - 28, 2012

In“-

dThomas Jefferson National Accelerator Facility



*Photonuclear cross sections
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*Baryon Resonance Spectrum

Constituent quark model

* Masses, widths, and coupling constants Lattice QCD
not well known for many resonances

* Most models predict more resonance
states than observed

A Jefferdon Lab E. Pasyuk, BEACH2012, Wichita Kansas, July 23-28 2012



* Polarization observables in pseudoscalar meson

production

4 Complex amplitudes: 16 real polarization observables. A_ ,9/
Complete measurement from & carefully chosen observables. “g
nN has large cross section but in KY recoil is self-analysing @ LT
2z proton
nN KY
. Symbol Transversity Experiment Type .
recoil targ Y representation required Y targ recoil I
@do/dt  |bi]* + [bo|” + |bs]* + [ba]® {— —;— S
== @xdo/dt b +|bo|® — |bs]* — |ba|®* {L(37,0); — -} =
- @7do/dt  |bi|* — |bo|® — |bs|> + [ba]® {—5y;—} = =
== === @ Pdo/dt |bi|*> — |bo|® + |b3]* — |ba]® {—; —;¥} s
0 == @Gdo/dt 2 Im(bibj+ bybj) {(LEIn); -7 BT = 0
? ’R @ Hdo/dt —2 Re(bib3 — bybj) {L(£5m);2z;—} = g-
Edo/dt —2 Re(b;bj+ bybj) {C; z;—}
- N e Fdo/dt 2 Im(bib} — bybj) {C;2;—} o
O.do/dt —2 Re(bibj — babj) {L(=ir); ;2’7 BR pra— s
O.do/dt —2 Im(b1b} + bab3) {L(x£4i7); — 2"} x e
C,do/dt 2 Im(b;b] —byb3) {C;—;2'} aan
C.do/dt —2 Re(bybj+ byb3) {C; —; 2} S e
T.do/dt 2 Re(b;b5 — bsbj}) {—;z; 2"} TR - %
T.do/dt 2 Im(b,b3 —bsbj) {—sz; 2} Wl
L.do/dt 2 Im(b1bj + bsb}) {—;z 2"} vuy
L,do/dt 2 Re(bibj + bsb}) {—;2;2'} we
L. S. Barker, A. Donnachie, J. K. Storrow, Nucl. Phys. B95 347 (1975). A\
A Complete, and

&= linearly polarized photons

circ polarized photons

@A .geff./egon Lab

{ longitudinally polarized target

E. Pasyuk, BEACH2012, Wichita Kansas, July 23-28 2012

&= ransversely polarized target

over-determined




* E: 0.75 -6 GeV

* 1 200pA

* Duty Cycle: 100%
* OE/E: 2.5x10°
Polarization: >85%

Simultaneous distribution to 3
experimental Halls

Yo

A Jefferdon Lab E. Pasyuk, BEACH2012, Wichita Kansas, July 23-28 2012
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*Polarized pohaton beam
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*FROST

D 3 WEeKS  —

The FroST target and its components: N E .
A:Primary heat exchanger i \ zation |

B: 1 K heat shield 07
C:Holding coil 55850 .y :ﬁﬁumn 56100
D: 20 K heat shield

E: Outer vacuum can (Rohacell extension)
F: CH2 target E
G: Carbon target
H: Butanol target
J:Target insert

K: Mixing chamber

L: Microwave waveguide

o
©

(=]
=2}
Iy

Target Polarization Pz

M: Kapton coldseal

| f / i

Performance Specs: J
Base Temp: 28 mK w/o0 beam, 30 mK with F 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)

Roughly 1% polarization loss per day.

@Ageffggon Lab E. Pasyuk, BEACH2012, Wichita Kansas, July 23-28 2012



*HDIce polarized target

HDIce Solid Deuterium-Hydride (HD) - a new class of polarized target

* Polarized at very high

magnetic field and very
low temperature

Transferred to in-beam
cryostat

Spin can be moved

between H and D with RF

transitions

All material can be
polarized with almost no
background

E. Pasyuk,

beam
direction

HDice
Transfer
Cryostat

BEACH2012, Wichita Kansas, July 23-28 2012



*What we measure with CLAS

« yp—1%, TN

-+ Yp—np

o WoEdi

- yp—KY (K*A, K*X0, KOz
© YP—TTP wp, pp, ¢p

* Yn—mp

« YN—THN

- yn—3 K+, AKO
+ Yn—wn

@Ageffzgon Lab E. Pasyuk, BEACH2012, Wichita Kansas, July 23-28 2012



%YP%K+A Cross Section

s 0 |= Two-bump
3Le S e CLAS (05) .
£ o g g8 structure seer
N S 5 e . igg::?M(QB) 'm Resonance-like
% 5L structure at
N 1.9 GeV:
69 | = Dy3 (Bennhold & Mart):
1L D , i. _ = P13 (Bonn-Gachina)®
g ++M - Eu (Ghent “"RPR" model
= 1 “ = KKN bound state
oL W | | | | (Valencia model)d
1.6 1.8 2 22 24 2 = Coupled-channel

Energy, W (GeV)

effecfs (Giessen)®

a) T. Mart, C. Bennhold, Phys Rev C 61, 012201(R) (1999).

b) V. Nikanov ef a/, Phys Lett B 662, 245 (2008).

¢) T. Corthals, et al, PRC 73, 045207 (2006).
.. Bradford et a/. Phys. Rev. C73 035202 (2006) d) A. Martinez-Torres, et al.. Eur. Phys J. A 41, 361 (2009).

.. H. Glander et a/. Eur. Phys. J. A19 251 (2004) ) R. Shyam, O.Scholten & H.Lenske, PRC 81, 015204 (2010).

@Ageff/egon Lab E. Pasyuk, BEACH2012, Wichita Kansas, July 23-28 2012
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* A induced polarization
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E. Pasyuk,

M. E. McCracken et al., PRC 81, 025201(2010)

BEACH2012, Wichita Kansas, July 23-28 2012
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*yp—K*A: Cx/Cz

C.C, without N*(1900)P,

C.C, with N*(1900)P,,

.

@Agefj/egon Lab E. Pasyuk,

Bradford et al.

BEACH2012, Wichita Kansas, July 23-28 2012

Nikonov et al’.’s refit
of Bonn-Gachina multi-
coupled-channel isobar
model

mix includes: S11 wave,
P13(1720), P13(1900),
P11(1840)

K*X%ross sections also
better described with
P13(1900)

Promote this “missing”
resonance from ** to
**** status.

P13(1900) is found in
(gqaq) quark models,
but not in quark-
diquark models

13



*R Values for the A

R=P*+C+C’

" W= 1.67Cev |} " W= 1.73CeV |} " W=1.78GeV -
| ¢ . ¢ L r L o e e o el )
T L A G g ?Y JF ¢ *

W= 1.830CeV || " W= 1.88CeV |} " W= 1.93GeV

:+¢.._.-..."gg’. o.!o“"g"l o ® o

- W= 1.98 GeV 1} © W=2.036Gev |} | W= 2.08CeV ]
_—q—ﬁ—c—"—."’v"?+¢ -2 e ol ,+ .
- ¢ 1t ¢ It . ]
- W= 212 GeV 1} T W=2.17Gev {} © W =2.21CeV ]
C g i 4., . N
4t ety j—'—47¢—'—’—‘—k N S A
- 1 1T + ]
WE 2.25Gev 4} L W= 2.29GeV

: ! : } .

: + ’ ot ¢ -

T o 1
cos(Og™)

(P+C2+C )2
lO - N

The A appears 100% polarized when created with a fully polarized beam.

A Jefferdon Lab E. Pasyuk, BEACH2012, Wichita Kansas, July 23-28 2012



* Average R values
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@SA ,geffggon Lab

E. Pasyuk,

*Energy and angle
averages are consistent
with unity.

*No model predicted this
CLAS result.

BEACH2012, Wichita Kansas, July 23-28 2012



*Status of meson photoproduction

Proto

NIS(SIS(S|SN NS

SR YRYAYATATIATA
SIS IS SNSNISIS S
SIS(SISN(SN NSNS
NISISIS(SN|SN NS

v - published ¢ - acquired

A Jefferdon Lab E. Pasyuk, BEACH2012, Wichita Kansas, July 23-28 2012
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*What “is” the A(1405)?

Shape is an issue since its discovery in 60’s

25

KN sub-threshold bound state

| counts of MM(y,K*)/5MeV, 2.4 <W < 2.6 | yp— K

SU(3) smglet 3q state s000] A(1520) E
& 2500%(1405) é
S 5(1385) 5
2000 A(1670)? -

1500—
1000
500 —

o JT _ 1 o E 1
Gluonic J* = 7 hybrid (udsg) R R T R 2 T

MM(y,K")(GeV)

(v,K) Missing Mass (GeV)
Dynamically generated resonance, via unitary
meson-baryon channel coupling

A Jefferdon Lab E. Pasyuk, BEACH2012, Wichita Kansas, July 23-28 2012
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*The Low-Mass S=-1 Hyperans

1700

1600 —

1500

1400

Energy (Mass) MeV

1300 —

1200 |-

1100 -

@SA .geffé?son Lab

A(1670) | 3(1670)

el

AIS20)— 2/ @
L=1, 5=1/2

Ad405)— @ @
But the mass splitting does not work out...
S. Capstick & N. Isgur, Phys. Rev. D34 2809 (1986)
N. Isgur & G. Karl, Phys. Rev. D18 4187 (1978)
>(1192)
A(1115)
Isospin = 0 Isospin = 1

E. Pasyuk, BEACH2012, Wichita Kansas, July 23-28 2012
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*The Low-Mass S=-1 Hyperans

1700 ,

A(1670) | 3(1670)

> i
= | A1520) - =(1385)7
= KN
> 1400 A(1405
& d40) 7z A 3(1385)
R JT 2.
= 1300
3(1192)
. A(1115) _
Isospin = 0 Isospin = 1

A Jefferdon Lab E. Pasyuk, BEACH2012, Wichita Kansas, July 23-28 2012
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*Dynamical State Generation

Do the “ground state” mesons and baryons attract strongly enough to form
meson-baryon “molecular” bound states or unbound resonances?

—— 1) = |KN,I=0)

K. N
Bound state K]V i 3 ,
- 1\11 = Fl VS — I\IN
1405) "~
A( OS) From chiral SU(3)
effective field theory
12) = |7X,I=0)
o, ®
2
Resonance E:JZ' < Kz = (V5 - Mx)
T »
e, ) —
= i ".. - —1 I.'I3 ‘ — -\IN T I\IE )
Channel Coupling: Kip = 7\ 3 (\,,.\ — T)
N

Graphic: W. Weise

A Jefferdon Lab E. Pasyuk, BEACH2012, Wichita Kansas, July 23-28 2012 20



*Chiral Unitary Models

Mass distribution of the “A

(1405)” predicted to depend
on 2 decay channel

|||||||||||||||||||

55

—K'rY | .
: P 1 *Model with =0 and | = 1
s S E =1.7GeV - amplitudes
>
8 1 * Chiral Lagrangian + Channel
§ >t Coupling
= I *I(x =) = {0,1} - not in an isospin
= i eigenstate
%? . * Interference between 1=0 and |=1
' amplitudes modifies mass
# i distributions
| = . W * no energy or angle dependence
Zn Invariant Mass (GeV) *Inspired CLAS experiment
do(n'X") Ocl (1)2+l T(O)2+iRe(T(°)T“)*)+O(T(2))
M) J6
w2 o li-of |2 S .
dM & 5 = _ﬁRe(T( (e )+O(T( )) J.C. Nacher, E. Oset, H. Toki, & A. Ramos,
N Phys. Lett. B 455, 55 (1999).
do(n’X") 3 1 Tof +O(T(2))
dM 3

A Jefferdon Lab E. Pasyuk, BEACH2012, Wichita Kansas, July 23-28 2012 21



*CLAS result for A(1405)

I I I

T T T T ]
St Weilghted average |

2.5:_ 1.77<EY<1.9:,9~.“ $00 ]
: i — 2t i
- N elativistic .
6\5 :—ZJt ghlgesholds ) / N 7
CR VU
I 49 \ N
5 f i i, E
g5 T i e -
C Ei #: .
- i T A
- W plvie *i*"&'v_ai
C fi""::}ﬂ' I N T R T =
Y3 14 1
2 m Invariant Mass (GeV)

Note that “sign” of the charge
asymmetry is opposite to Nacher
et al prediction

@SA ,geffggon Lab

* Decay-channel asymmetry of A
(1405) lineshape confirmed

* Asymmetric among the three
charge states - not a pure
isospin 1=0 process
(decomposition in progress...)

*Subtracted backgrounds:
5(1385), A(1520), K(892)

* Direct Spin-parity
measurement: J = 3

*Line shapes depend on photon
energy and kaon angle

E. Pasyuk, BEACH2012, Wichita Kansas, July 23-28 2012 22



*Baryon ground states

The baryon decuplet S
J=3/2

The baryon octet

@SA.geffgon Lab E. Pasyuk

b

J=1/2
n
A
Z_

N(Q)=N(A*)
N(E)=N(N*)+N(A*)

BEACH2012, Wichita Kansas, July 23-28 2012
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*History of Q- (sss) Baryon

First measurement of J(Q™)
at SLAC: E2>Q K+, Q >A K"

1 08 -06 04 D2 0 02 04 06 08 1
cosb(A)

J(Q)=3/2, if J(EL)=1/2

Barnes et al, PRL 12:204, Aubert et al, PRL.97:112001,
K p—KOKQ-

CJSA .{effe?son Lab



* Excited (PDG***) Q/= Baryons
(half a century later)

_

Q(2250) 2250

=(1530) (3/2)+ 1530 9.1
=(1690) (1/22)? 1690 <30
=(1820) (-3/22) 1823 24
=(1950) (?)? 1950 60
=(2030) (>=5/2)" 2025 20

* Very few Q/Z baryons have been identified in the last 50 years
* Even fewer have their quantum numbers determined

* Mass splitting measurement for = needs corroboration

* Kaon beam was the primary source for the discoveries

* Photon beam could be a powerful alternative

@Ageff;gon Lab E. Pasyuk, BEACH2012, Wichita Kansas, July 23-28 2012 25



* - (sss) Cross section and production mechanism

A. Afanasev (VMD):

Q- | *Production mechanism for Q- in
photoproduction unknown but
extremely interesting: None of the
constituent quark (s) is from the target
(A S=-3)

* Models imply different angular
distributions

* Various models predict ¢~0.3-2nb at
V. Shklyar (Effectlve Lagraglan) Ey~7GeV

Y (k) "K(q) K(q)

';v Kia, Y 4 | " SLAC upper limit: 17nb@20GeV
' Abe et al, PRD32, 2869 (1985)

Backward Q.

K*(892)

P AG000) o E2370) T Q@)

A Jefferdon Lab E. Pasyuk, BEACH2012, Wichita Kansas, July 23-28 2012
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*Cascade cross section

g 20 ;— e  CLAS 2006
—_ © 18 :— ————— Nakayama et al.
N B & 400 -
O B ‘\; 350, 16 I s oull
% i * % 300%'!}}”!}{ I i 1aF p— T s B
s 2500 g = mi}‘*ﬂ#wu} i 122— 0( n:_) + HH+
e = 8 150F #HQ”M 10:_ ///
B : 1::: : "‘M!'..o,.“ :_ p X
€ 2000 N R R R R :_ 4t +++
= L MM(K*K*) (GeV/c?) = R o
Qo - ar +
(&) - %
L r bt <
1500 M1:1.3223 + 0.0001 2§ L + o EIY | 4,8G6,V B
L 01:0.0067 = 0.0001 0355 3 3.5 4 4.5 5
C N1: 7678 = 173 E, (GeV)
1000 2370 - S0 " :
r 02: 0. + 0. ) °
i N2: 658 = O1 Don’t see anything beyond
500/ first excited state.
:"Iﬁhl | 1 | | | | 1 1 1 1 | 111 | 111 | | 'I I‘I i M i s
9.1 1.2 13 14 15 16 1.7 1.8

MM(K'K") (GeV/c?) |

A Jefferdon Lab E. Pasyuk, BEACH2012, Wichita Kansas, July 23-28 2012



*Search for Excited Cascade Resonances

=-SrE0 , A/Z K-

ETEEEE TS

[y
L=
[=3
o
I

NO e =
S T M:1.3137 = 0.0004 - A
1200 s00 - ) E.: 3.6-5.4GeV
S 0:0.0127 = 0.0005 OE Y
= =0 :
oot = s0f- |
- N: 2648 = 132 - | 0
:>js°°—_ S/B ratio: 0.86 —‘“";— E‘ k{ Vtz
H \
200 B v I +I I -
(Hl:__:':"i‘_‘h?.;’{\\éﬁ VP =2 KKK (A/Z)
IlHl:— - :
1.15 1.2 1.256 1.3 1.35 1.4 1.45 1.5 (]-lr - ll-lll ‘ .|-12I - Il.|3. - .|.l4l . '1.5 1.6
MM(K'K*x) (GeV/c?) MM(KKK") (GeV/c?)

*Z9/A/2 decay chain not detected (can not determine JP)
*Limited by beam energy

We NEED CLAS12: predicted cross sections at higher E,, better acceptance ...!

A Jefferdon Lab E. Pasyuk, BEACH2012, Wichita Kansas, July 23-28 2012 28



*Hyperan Polarization

*Diquark models:
*“Good” diquark: isospin 0 and spin 0

[1]

* A((ud)s) polarization comes from s
*=(u/d(ss)), polarization comes from u/d?

*Purpose of studying = polarization

*Probe production mechanism (hadronic/partonic)

*Understand the origin of hyperon polarization

1+ Ns = 2.375 GeV A
Induced A
ok polzgization ) éé%zxa
S o
~8® A
= o

A Jefferdon Lab E. Pasyuk, BEACH2012, Wichita Kansas, July 23-28 2012 29
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* =" Induced Polarization in Photoproduction

Lo L 1. oo  Data virtually background free

S o (double kinematic constraints)

2 o « Without beam/target polarization,

D E- should not be polarized, if our
w00 naive di-quark picture is correct,
L 1.25

g  Statistics limited to study P(cos6*)

MM(K*K") (GeV/c?)

N
O 500—
% C + M:1.1168 = 0.0004
L 5:0.0109 = 0.0004 = 1
g 400— o L
sl = —
NN |
@ N: 1078 = 63 S o8c
"E 300— = o
o S o6
w ., o C
200(— oo C
F 0.4—
100— -
: 0.2?
Gk “““ A T S B B -
1 1.05 1.1 1.15 1.2 1.25 1.3 o]
. E
MM(K*K*r) (GeV/c?) -
B I T T N B I N D
3 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9

Ey (GeV)

CLAS12 (with FT): polarization transfer for =-
P, (10-85%), known on a event by event

&5A Jefferdon Lab  E. Pasyuk, BEACH2012, Wichita Kansas, July 23-28 2012
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& 1 2 GeV CEBAF Construction of

the new Hall D

Upgrade of the
arc magnets

o/

20 cryomodules

Add 5
cryomodules

Beam Power: IMW
Beam Current: 90 uA

Upgrade of the U Max Pass energy: 2.2 GeV
instrumentation of Max Enery Hall A-C: 10.9 GeV

the existing Halls Max Energy Hall D: 12 GeV

&5A Jefferdon Lab  E. Pasyuk, BEACH2012, Wichita Kansas, July 23-28 2012
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*CLAS12

Forward Detector:

- TORUS magnet o Fegion 3
- Forward SVT tracker
- HT Cherenkov Counter REGETE

- Drift chamber system
- LT Cherenkov Counter
- Forward ToF System

- Preshower calorimeter
- E.M. calorimeter (EC)

T 1 Region 1

Central Detector:
- Barrel Silicon Tracker
- SOLENOID magnet

- Central Time-of-Flight Coflerirelt)

Proposed upgrades: HTCC
- Micromegas (CD)

- Neutron detector (CD)
- RIC D

- Forward Tagger (FD

Il Lrce

&5A Jefferdon Lab  E. Pasyuk, BEACH2012, Wichita Kansas, July 23-28 2012
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*CLAS12 Forward tagger(FT)
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‘ GEMC implementation

E..: 0.5-6.0GeV
0.:2.5°-4.5°
E.:5.0-10.5GeV
P 1 10-85%

Q?: 0.01-0.3GeV?
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*Conclusions

*Electromagnetic production of strangeness is
an important part of CLAS program and will
remain as such after upgrade to CLAS12.

*What makes it different from production in
high energy collisions is a possibility to do this
exclusively and get access to production
mechanism which in turn helps to understand
properties.

*Strange particles are no less stranger today
than they were half century ago when they
were discovered. More we look at them, more
“strange” properties we see.
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