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Production of the Strangest Baryons on the
Proton with CLAS12

Motivation

— O Cross section measurement of yp — Q" K* K+ K% and
study of production mechanism (AS=-3)

— Cascade physics
 EXxcited cascade resonances (Spin-parity
measurements, searches for missing states)
* Polarization measurement of = Forward tagger

Existing Data (CLAS) %
Simulation / / CLast

— Rate and background estimation
Experimental setup and projected results é ; \/




Motivation:
The baryon Ground States in the Quark Model

The baryon decuplet S The baryon octet S
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N(Q)=N(A*)
N(Z)=N(N*)+N(A*)




Motivation:
History of the Q- (sss) Baryon

First measurement of J(€27)
at SLAC: E0>Q K, QO >AK-
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Barnes et al, PRL 12:204, 1964

Aubert et al, PRL.97:112001, 2006
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Motivation:
Excited (PDG***) Q)/= baryons (half a century later)

_
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Very few Q/= 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 these states discoveries
Photon beam could be a powerful alternative




Motivation:
() (sss) Cross section and production mechanism

A. Afanasev (VMD): : i i
( ) * Production mechanism for Q- In

photoproduction unknown but
extremely Interesting:
None of the constituent quark (s) Is
from the target (AS=-3)

« (Cascading decay from intermediate
Y*?

V. Shklyar (Effective Lagragian)

 Various models (by co-authors)

g . . predict 6~0.3-2nb at Ey~7GeV

K¥(892) SLAC upper limit: 17nb@20GeV
' ’ Abe et al, PRD32, 2869 (1985)

# + 0 +
T (k) T K(qy) K(qa,) 4 Ky

. A%(3000) ﬁ/' 2¢2370) Q (p) X

Results from W. Roberts are comparable




Motivation: Hyperon polarization

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

al NS = 2.375 GeV
A Induced A A
380 o0
o & g zzg polarization
i éiiﬁ Aégz (CLAS Collaboration
1L | | | PRC81, 025201(2010)




Cross sections: Rate Estimation

Assuming o(Q2 )~ 0.3nb (Afanasev, :j‘ I +
Roberts, Shklyar) e G(E')/,/' +WHH++
o(Z7)~15nb (Oh, Nakayama, et al.) pd 1
— SLAC inclusive: 117nb@20GeV o /,f’+++
o(Z-(1820/1690)): 1-5nb (Oh et al) 4 +7 Ey<4.8GeV
Luminosity: 103°cm-2s-1 RS TR es T E:?Gevj
FT acceptance: 2.5~4.5° (6) il ookkk
0.5~5.0GeV (E..) _

Q- rate: 90/hr o) S(¢Y) .
=- rate: 3.6k/hr ~ e trom SLaC
=-(1690)/=-(1820): 0.2-0.9k/hr T %

CLAS12 acceptance not yet folded in R

3 4 5 6 7
W (GeV)




Existing CLAS data = > =", A/ K
Search for excited cascade resonances

o 1 E:3.6-5.4GeV
S I t M:1.3137 £ 0,0004 0N F=
Q1200 B
21200- $:0.0127 +0.0005 - A
O [ SIH) {
%1000_— EO : |r
= N: 2648 + 132 e f
UG>J)800__ S/B ratio: 0.86 MH]E— Hﬁ F-i ZO
=y
B 200 PR q
a0 R S : b r’
- s i - =
+ L + - -
115 12 125 13 135 14 145 15 ] SRR Pl IR

MM(K+K+p) (GEV/CZ) l 1.1 1.2 L3 1.4 1.5 |6
_ MM(K*K*K") (GeV/c?)

=Y%/A/% decay chain not detected (=> can not determine J°)

Limited by beam energy, excited states other than =(1530) unlikely in CLAS

Expected total number of Q. 1 @ CLAS/g12 data

~We NEED CLAS12: predicted cross sections at higher E_, better acceptance ...!
! 9




Existing CLAS results:

=~ Induced polarization in photoproduction
i.?* T wasmesoome « Data virtually background free
g (double kinematic constraints)
& 0 « Without beam/target polarization,
- = should not be polarized,
A SURTIEEY S T | If our naive di-quark picture is correct,
. IO GV Statistics limited to study P(cos0*)
§ SOO; + M:1.1168 + 0.0004 c 1
% a0l 5:0.0109 = 0.0004 S -
ano : * ::3 0.6
A MM(KK'R) (GeVic?) ST R T DU TRITIOTTIUTRYD
CLAS12 (with FT): polarization transfer for = By (GeW)

P.(10-85%), known on a event by event basis
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Experimental set up:
CLAS12 Forward tagger(FT)

Forward Time of Flight ;:;-" E.: 0.5-6.0GeV
0, 2.50-4.5°

E: 5.0-10.5GeV

P,: 10-85%

Q2 0.01-0.3GeV?2

HTCC
Moller cup

Electromagnetic
Calorimeter

Drift Chambers

Time of Flight

PreShower
Calorimeter Torus Magnet

Forward Tagger

FT: not CLAS12 baseline equipment.
Under construction
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Benchmark reactions and Trigger

e () measurement Trigger setup
VP> KIKTKOK(A)  All reactions of interest need
Y P > KIKK(QY) multiple charged hadrons detected
Y p 2 KKKKp(r) « Minimum requirement;
« =" polarization measurement * 2-prong+FT
vp > KKE, E>AT * Similar to the E12-11-005

(CLAS12 meson spectroscopy)
requirement

Y p 2 KKK'K(A/Z) « Expected trigger rate <10KHz

yp =2 KK (29)

e Excited Cascade resonances
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Simulation and Background Estimation (")

» Main source: iZZZ 7P > KYK*Ko(Y)
Hadronic background 4
« Pythia Simulation:

Pythia

Y p = p+anything ) \ background
* S/B ratlo 1 10 SOZE SR ms ~rs e e
l A cut and vertex cut MM(K*K*rtr™) (GeV)
vp > KKK (A)\ Pythia b

Data almost background free if \
vertex cut i1s included 3 Pythl a bg

Vertex resolution:1.0mm j; +vertex cut
Detached vertex cut: 5mm

(5-10% loss of data) TM(KA) (Gevy
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Spin-Parity determination of =*

« Spin can be measured by angular distributions (PWA)
 Parity measurement challenge: Minami ambiguity
=*2>Y (1/2*) + M, (0): two solutions J*
* Double Moment Analysis (DMA)
Y (1/2%) = B (1/2*) + M, (0)
Double moments: H(ImLM)= X DY,,..(6,, ¢;) D' ,(6,, ¢,)

DMA: il 9341
H@ILM)=P(-1) 2
J2L(L +1)

Linear dependence gives simple, multiple tests for J, P
For any odd L<2J and M<L

H (10LM)
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Example: Parity measurement of Z(1820)

Evenis/ 15 MeV/c?

L B L o N Needs corroboration
e =(1820) | Biagietal, |1 e AR A
Z.Phys.C34, | . i 4+
175 (1987) | - g'f‘“"; 3 3
L CERN-SPS | 24~ 2 iy 2
=-Bereaction | = - i S
~ | I [ - t ]
(h i g 3,005 |— _ ;:
{ HUH .ﬁu ] ~0.010 —~ _
ll —' 51 ol e
D I"r .le. W* _O'Ol%.om ©-0.01 --0.005 H(M)?.M) o.olos 0.01 -0.0-
I\/I(_AKO) (GeV) Gev/e® “TIH(].OLM)
3- CLAS12 estimate: ~12k =(1820)
=(1820) 3 counts: ~50 with complete decay chain

Need to detect whole decay chain At CLAS12 (80 beam days)
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Beam time and Expected Particle Rate

=-(1530)

=-(1820)

Detected
particles

K*K*K?O
K*K*KoK-
K*K*
K*K*

K*K*Kp

Assuming half field
FastMC used

Vertex Efficiency/Branching Ratio included

Measured
Decays

Q_

P—
=
M

=-(1530)

=-(1820)A

Overall Rate/hr | Total
Efficiency Detected
~3.9% ~3.6 ~Tk
~0.5% ~0.5 ~1k
~9.3% ~440 ~0.9M
~7.4% ~140 ~270K
~0.63% ~6 ~12K

Approved 80days for E12-11-005
Is sufficient for us to achieve all goals.




Expected results for
-~ polarization and =-(1820) spin-parity

» = polarization measurement: Expected Pz VSE,
(should be E, dependent) - cssszss=38¢:%
p—>KKX S>K'Kp (L) .4
» =7(1820) double moments s 8
gp — K*K*X (1820) i
X (18200 >K (L—>pp) 2= i

Expected M(AK-) spectrum Expected DoubleMoments (L=3)

Events/1O0Me\//c? - - m(H(113M))

== = = - = = =
a """""""""""""""""
;.% F KY [ N R e -~
sE \ ) /’}if//

::E - 7 /"j

=S B ~ |’£A.? S — r~ion

= =

(statlstlcal uncertainty only)




Expected results:
()~ mass spectrum and Cross sections

* ()" Measurement: S —

« When four kaons detected, spectra ,__:"'/;- — -
IS expected to be background FREE

)
81 ./— —| ==

130 — - .

20

110 ]

100 ’ — ] "

+ + 0 S04 — 058"
gp—>K KK (W) .
-1 .08 06 .04 02

7.5

5
909 ) —L 0 A< N AN A Lot

0 - ot
gp—>K'K'K'K (L) : -
Expected Cross section Measurem -
(Assuming no energy or angle dependence) I M(AK?)
i —— qi = HIS‘ = ‘1“5‘ - 1“55‘ 16 ‘ ‘%.65‘ - 1.7‘ = 1.75 ’ ‘1.‘8‘ ‘ ‘1‘}35‘ = ‘1.9

Constraining the A mass improves

5 8 the resolution. Further improvement

expected with kinematic fitting
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Expected results:
= and =(1530) cross section measurements

ds/dcosq (nb)

* = Measurement:
gp—>K'K'X ->K'K'p (L)
gp—>K'K'(X)

« =7(1530) Measurement

gp — K'K"X (1530) > K'K'p (X°§
g~ K'K*(X (1530) '

Simulation assumed no angular : ds
dependence: asf- d COSCf
Measurement in backward angle (c.m) A I

should have smaller uncertainty then i
shown due to expected larger cross
section

T 80 90 #¥0 ¢0 0 <0 v0 90 80

ds/dcosq (nb) ("}

(1530)




Summary

Q)/= baryons are underexplored

CLASI12 is well suited to study QO/= physics using the forward
tagger

(2~ : Cross section can be measured (almost background free)
production mechanism can be investigated
Excited cascade resonances:
Spin-Parity can be determined
=(1320) polarization: Insight to the production mechanisms
Mass splitting for multiple = doublets can be measured
Experimental set-up compatible with the meson experiment

Total request beam time: 80 days in parallel with the meson
experiment
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Backup slides




Motivation: Hyperon polarization

« Diquark models:
— Good diguark: isospin 0 and spin 0

— A((ud)s) polarization comes from s N @

— =(u/d(ss)), polarization comes from u/d? d
* Purpose of studying = polarization

— Probe production mechanism (Hadronic/partonic)

— Understand the origin of hyperon polarization )
i+ Ns = 2.375 GeV . —*LHTA—++
Induc_ed A ok s Té‘,‘ﬁz Transferred <5 2 ; WL 2.25 Gev J
polarization <z 2a A polarizations”. 1 | :
é_; AA O - $ ¢
1F &= % + Ot : L ' ]
- B 1 0 1

[ [ [ [ [ e(_c‘n'h
1 05 0 035 1 cos(O™)

(PRCBST, 025201(2010) (PRCT75,035205(2007) =



Existing data(CLAS):
=~ Induced polarization in photoproduction

c I

S -

E’ 0.8;—

K* n E 0.6

: 4 O B

@ o 04:_

0.23—
Production / P T T
|ane A0 33152 s a4 38 36 37E 3(8G ;9)
,"' e

plane . Decay plane !

(= rest frame)

Existing data: No beam/target polarization

The only direction X can be polarized is out of plane
(Parity conservation)

CLAS12 (with FT): polarization transfer for =-

P, known on an event by event basis “



Excited cascade production

o (nb)

(]

0.3

0.2

0.1

Prediction

B +
™ 1 ™ 17 " 1 " 7T 6_1’P—}KKL(]3[]U)

v — K'K'Z (1530)

c (nb)

T '| T |' T

T 3.0 3.5 4.0 45 5.0 55 6.0

L L L B L B Ev(GeV)

| o KKEAO9 1 Nakayama, Y. Oh, and H. Haberzettl
- 1 results obtained using parameters
B - obtained from PRC74, 032505(2006)

L.+ 1. | Predictions for the Z(1820) IS consistent

3.0 3.5 4.0 45 5.0 55 6.0 With CLAS data:
Ey(GeV) signal would have been insignificant
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Simulation and acceptance

Acceptance

(K9

Proton

0 10 20 30 40 50 60 70 80 90
0

07 (K7)
0.8

0 10 20 30 40 50 60 70 80 90
0

0 10 20 30 40 50 60 70 80 90
0

Reaction simulated

v p > KKKIK(A)

KOt

A=2>pm

The ©~ (from A) has

the smallest acceptance
Its detection is
unnecessary

Half-field is assumed
Consistent with the
meson-experiment
requirement

N
Ylab
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Impact of full field on acceptance

5] Topology Half-field Full-field
average average
Acceptance acceptance

KrK*KY(Q) 5.03% 2.72%

P 9 K+K+KO(Q_>
S A T T s KPKYKOKA(A) 0.76% 0.09%

Entries

» 4-K channel for Q- detection Is
Impacted the most

« = channels are less affected due to
higher statistics

* \We need half field for the Q-
measurements




* Most of the multiples kaons

in the final state have
momenta lower than 2
GeV, where CLAS12
expects excellent K/x
separation

Availability of a RICH detector

Would be obviously very

beneficial. Without it, we still

expect excellent PID

= C (gL LRI IUAN A1 L0 0
1 __ [ I

0.5

0.4

0.3

. . !

091

06 |

kw1 .
" 1 |
11— “i IW !

iy - i
|

4 5 6
Momentum (GeV/c)

im
1
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Expected results: mass splitting measurements

=" Measurement:

gp—>K'K'X ->K'K'p (L)

gp—>K'K'(X)

=0 Measurement

gp —>K'K'p (X)

500 |-

400

300 |-

200

600 Z—

100

Range:£3.00

’\'
- | IIW‘II .lﬁ‘ og Yield: 693
- Background: 3757

S P A I BT R T l
11 115 1.2 125 13 135 14 145 15 155

M(K'K) [GeV]

g —->KKX)>Kp'p (X)

Measurements feasible in multiple

channels to reduce systematic uncertainty
Calibration can be tuned using other well CLAS12/Simulation

know states (A, X, KS, etc)
Expected statistical uncertainty:

Counts

4
= 3

D M-
0):
150
10
HOE

a“ (M,

massX:7p-K'K'X

2500
o0~
500,
foom-
00"

Center=1321.304 0.03 MeV

VY I R F R TR A
Mass{X) GeVl’

massK:jp— K K; X

o Center=1315.04 £ 0.08 MeV

R S L

Mass(X) GeVc?

- M, )< O'lMeZ




Energy dependence of the =-cross sections

do/dM(EK)

mmmm
2 <
I

W o
Q Q
T
e
+I
;‘Hm
|

-
Q

T
#
+

do(nb/GeV)
. ‘j;ﬂq
i)
§—He-

3
;—:

Nakayama et al. predicts plateauing
behavior at higher beam energies

PRC 74, 035205 (2006)
PRC83, 055201(2011)

Model only included limited number
of intermediate hyperons

The = cross section could continue
to increase at higher E,

Angular distributions expected to

14 —_ o
2o B ﬁ‘ﬁm
o A4t it
N
T T Eleey
°0 L L B
a Ey=2.9GeV Z
c0 [ -
N i i
1 I ® 1
o o B, e T e
S :
Q |+ E =3.8GeV
o L Y :
S0 ! .
B 0 1
U 7/|| |_‘——._‘|—'I_‘—.-‘_"“1—,_.__|__r
u 1 -05 0 05
COSOz

Change Wit E, 30



