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Overview: = and Q Spectroscopy at Jefferson Lab

 Motivation

— Where are the missing strange baryons (S=-1, -2, -3)? (Ken
Hicks presentation earlier today)
* QCD freeze out/QM/LQCD all suggest more strange baryons to be found

— ) cross section measurement of yp — Q- K* K* K° and
study of production mechanism (AS=-3)
— Cascade physics
 Excited cascade resonances (JF, missing states)
* Polarization measurement of =
 Production mechanism
— Existing photoproduction data

* Future experiments at CLAS12 and GlueX



Motivation:
A “brief” history of €2~ (sss) Baryon

First measurement of J(€27)
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Barnes et al, PRL 12:204, Aubert et al, PRL.97:112001,
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Motivation:
photoproduction mechanism of the very strangest baryon: Q-

What 1s so “strange” about
Q- photoproduction? 1 (k)
Mechanism totally unknown ,
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Motivation:

Excited (PDG***) Q3/= Baryons

(half a century later)
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Very few QO/= baryons have been identified in the last 50 years
Even fewer have their quantum numbers determined

Little is know about the production mechanism

Photon beam could be a powerful alternative to Kaon beams
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The baryon decuplet

J=3/2

Motivation:

N(€2)=N(A*)

The baryon octet
J=1/2

The Baryon Ground States in the Quark Model

N(Z)=N(N*)+N(A*)




Motivation: Where are all the = resonances
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Motivation:
LQCD calculation for the S=-1 Hyperon Spectra
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Number of states compatible with QM predictions: Just as many missing states!

S=-1 Hyperons can be also probed via the ZK channel!

R. Edwards et al. “Flavor structure of the excited baryon spectra from lattice QCD”,PRD 87,
054506(2013) 8



Motivation:
LQCD calculation for the = and 2 spectra

Lattice QCD and CQM and consistent in terms of the number of missing states!
=: 1 ground state + 5? Excited states observed
Q: 1 ground state + 1 excited state



Counts/(5 MeV/c?)

Existing Data(CLAS G11, 2004)
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« Ground states are seen cleanly at CLAS
 Differential and total cross sections were extracted
« Comparison with model predictions suggest intermediate hyperons
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Existing Data(CLAS G12, 2008)
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Need CLAS12 and GlueX!!!
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Existing Data:Cross section results

o N & o @
FTTT TT T

—| «  cLAs2008 s ]
| ----- Makayama &t al. ) ) E FH (-
S s we| | v]p> KK (E(1530)
C " e 5 :
:_ ‘z/ + e 5 .l__
;— + | _ '?;% u-a:_
] +{~ H% ' £ osf
3 A 2 ab
F ++ 0.2

|1.'|Jf||||||||||||||||||||||||| u]: | L L1 1 |- L1 1 L L1 1

25 3 3.5 | 4.5 5 -1 -0.5 0 0.5

Ge *
& (GeY) COSO_. 4540

These CLAS g11 results were sufficient for rate estimation;
G12 cross sections being reviewed:
=* cross section upper limit ~1nb;

Need CLAS12 and GlueXI!!
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Existing data: =~ induced polarization in photoproduction

Very clean signals:
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First time measurement!
(Bono Ph.D Thesis, 2014

Paper under review)
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Existing data(CLASg12): =~ Polarization in photoproduction

« Future data expects orders of
magnitude more statistics

GlueX
CLAS12: \ery Strange Experiment
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The models: (Effective Lagrangian Approach)
Nakayama, Oh, Haberzettl, PRC74 (2006) 035205,
Man, Oh, Nakayama, PRC83 (2011) 055201
Additional High Spin S=-1 hyperon contributions
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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 JP
* Double Moment Analysis (DMA)
Y (1/2*) - B (1/2*) + M, (0")
Double moments: H(ImLM)= X DY,..(6,, ¢;) D'.(6,, ¢,)

DMA: 741 +
H(LILM) = P(-1) 2 2+ (10LM)
J2L(L+])
 Linear dependence gives simple, multiple tests for J, P
for any odd L<2J and M<L
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Events/ 15 MeV/c?

Example: Parity “Measurement” of =(1820)

L N e N Needs corroboration
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=(1820) E counts: ~50 CLAS12 estimate: ~12k =(1820)

Need to detect whole decay chain ~ with complete decay chain
at CLAS12 (80 beam days)
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Future:

CLAS12 E12-11-005A with Forward Tagger

Electromagnetic
Calorimeter
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Future: CLAS12 E12-11-005A Expected Particle Rate

Detected

particles
Q- KHK*KO
Q- KHK+*KOK-
B- KtK*r
27(1530) | K*K*
=27(1820) | K*K*K7p

Measured
Decays

Q_

P—
=
D

=-(1530)

=-(1820)A

Overall
Efficiency

~3.9%
~0.5%
~9.3%

~1.4%

~0.63%

» Assuming half field and 80 beam days
 \ertex Efficiency/Branching Ratio included

Rate/hr

~3.6
~0.5
~440

~140

~6

Total
Detected
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Future: CLAS12 =~ Polarization
and =(1820) Spin-Parity Measurement

=- polarization measurement: Expected Pz VvsE, P

(should be E, dependent) -zrsERs=8:%
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Future: CLAS12 = and =(1530) cross section measurements

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

=(1530) Measurement

gp > K'K"X"(1530) > K'K"p~ (X'}

gp —> K'K" (X (1530))

« Simulation assumed no
angular dependence:

« Measurement in backward
angle (CM) should have
smaller uncertainty than
shown due to larger
expected cross section
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Future: CLAS12 Q- Cross Sections

* (2 Measurement:
* When four kaons detected, spectra gy

is expected to be DW -
gp—>K'K'K°(W") e

gp— K'K'K°K-(L) S

Expected Cross section Measu S
(Assuming no energy or angular dependence) = Dl
sy (Nb) np
N?§g§;§$ 12000;ConstrainAmass M(AK")
b w0 60,005 GeV
s Important to understand o AmeT | MM(KKKO)
= “tthe production mechanism

q,4 145 15 15 16 165 17 175 18 18 19
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Future: GlueX: Expected yields of = states

GlueX Proposal on “Decays to Strange Final States

(Jlab PAC39, 40 and 42)

GlueX an ideal place to search for excited cascades:
* More uniform acceptance than CLAS12
« Gound states more challenging
Due to the fast Kaon, and slow pion from excited cascades decay
« Excited states could be more favorable:
Slower kaon and faster pion
Expected for some cascade states at GlueX
(Assuming oz (1350 ~19nDb, and 64550 ~2Nnb)
=(1320) : ~800,000
=-(1530): ~100,000
K+K+K-A final state: ~90,0000 (Pythia)
GlueX/CLAS12 mesurements are complimentary
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Future:K® beams at Hall D?

Workshop on Physics with Neutral Kaon Beam at 16 m
Jlab : Newport News, VA 2016 (arXiv:1604.02141) [
£

Counting
House

Bremsstrahlu
photonbeam Pair
Spectrometer ==

Photon
Beam dump

Solenoid- @
Based detector =j{=
B iy

S
—r
=

Collimator

Electron beam / dump

Be target

K_° beam created from photon beam on a Be target in Hall D

AL ~ 16m (From Be to LH2 targets)

~2000 /sec (x10 higher than LASS experiment at SLAC
Opportunities for X and W spectroscopy with KL beams

Cascade production: KE p—o> KX K pX ) ~10% E*/month

Omega production:  K°p— K*'K*W ~102 Q*/month
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E12-11-005A: The Very Strange Collaboration
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Summary

Q)/= baryons are underexplored

CLAS12/GlueX is well suited to study /= physics
— CLAS12 E12-11-005A with Forward Tagger
— GlueX and possible K; beam in Hall D

()~ : cross section can be measured
production mechanism can be investigated
(Missing) Excited cascade resonances:
Spin-Parity could be determined

=(1320) polarization:
— Insight to the production mechanisms
— Intimately related to intermediate S=-1 hyperons
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Cross Sections: Rate Estimation

Assuming o(€2 )~ 0.3nb
(Afanasev, Roberts, Shklyar)

o(Z)~15nb (Oh, Nakayama, et al.)
— SLAC inclusive: 117nb@20GeV

c(Z7(1820/1690)): around 1-5nb
(Oh et al)

Luminosity: 103°cm--2s?

FT acceptance: 2.5~4.5° (0)
0.5~5.0GeV (E,)

Q- rate: 90/hr

=- rate: 3.6k/hr

=-(1690)/=-(1820): 0.2-0.9k/hr

CLAS12 acceptance not yet accounted for
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o (nb)

(B

0.3

0.2

0.1

Excited Cascade Production
(Prediction)

B +
T ! [ T | T | T [T 6_ w_}KKL(IBGU)

v — KK 2 (1530)

c (nb)

1 |. 1 I ] .| 1

T 3.0 3.5 40 45 5.0 55 6.0

N IO I B LA Ey(GeV)
| o REREUO) | K Nakayama, Y. Oh, and H. Haberzettl

- 1 results obtained using parameters
B -1 obtained from PRC74, 032505(2006)

L.+ | Predictions for the =(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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Expected Results: Mass Splitting Measurements

. % sy M3k p 2 KK'X
e = Measurement: gmmﬁ Centr= 132130+ 00 eV
()
b bt 0;
gp_)K K'X>K'K P (L) on:
+ + - 500§I (I: | ASI ;\nean:1l.a14utlu.uuoslcev€ 5(]002
gp—>K'K'(X7) 7 |OpAS it ; |
wl 'W W,' D yewe T
] j | Ly Brlgend 1 Massi(X) GeVl
» =9 Measurement . .. " W, - o mskp KX
b T M.Mé 2 s Conter= 31504108 eV
gp % K K p (X ) 11 115 1.2 125 13 1.35 1;‘)((:;?(3)1[2;‘,5]5 fgggé
+ 170 (y0 t it (YO e
gp—> KK (X)) > K p'p (X")
» Measurements feasible in multiple .

channels to reduce systematic uncertainty el Gl

Calibration can be tuned using other well CLAS12/Simulation

know states (A, Z, K, etc) at
Expected statistical uncertainty: a (MX‘ _MXO) < O'lMeL/



Energy Dependence of the =

o (nb)
S

’10 I L N B B B

(nb)

P—
L)
e

- do/dcos0g

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

-Cross Sections

m  E=303x0.05GeV
L E,=3.21%0.05 GeV
do/dM(EK)  : E3%smE
o E?:3.5 05 GeV
E = 05 GeV

@ o
0 o
| |
7
;_*—
e
i e
! -
(i

-
Q

T
iy
+

do(nb/GeV)

: *j;{j-
i
+

.
;—z

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
change with E, 30



Simulation and Background Estimation (€2)

 Main source: =y p 2> KTKYKO(Q))
Hadronic background *
P>hia

« Pythia Simulation: _
Q) \ background

vy p =2 p+anything

e S/B ratio 1:10 S i T - et
l A cut and vertex cut MM(K*K*n*n7) (GeV)
+ P> KKK (A) o Pythia bg
 Data almost background free If \
vertex cut is included = Pythia bg O-
» \ertex resolution:1.0mm wp FVErteX Cu /

» Detached vertex cut: 5mm EM(KA)(GeV) 5
(5-10% loss of data) 3



