Analysis status of the A hypernuclear spectroscopic experiment @ Jlab Hall C (E01-011)
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Characteristics of the (e,e’K*) reaction
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1) Large momentum transfer
-> generate various kind of states

2) EM production ( w/ extremely forward angle detection )
-> large amplitude of spin flip & non-flip states

3) Convert proton to A
-> comparison w/ mirror symmetric hypernuclei

4) High quality, primary, continuous electron beam

-> precise spectroscopy
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Physics goals of Jlab E01-011

a: Investigate A single particle states up to beyond p-shell
>> Not only 12C(e,e’K*)12, B, also %8Si
b: Observe p-shell region of 2, B splitting
>> Provide precise information on the spin dependent part
of AN interaction w/ 2C(e,e’K*)'2 ,B reaction

c: Mirror symmetric A hypernuclei, e.g. 12,C VS. 2, B

Historically ...
N\ hypernuclear spectroscopy
-> well done through (K", ) & (7t*, K*) reaction in CERN, BNL and KEK

>> Energy resolution was limited ( the secondary beam)

(e,e’K*) reaction? -> coincidence measurement required € CW beam

Jefferson Lab. provides high quality continuous electron beams.

- Thomas Jefferson National Accelerator Facili
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Thomas Jefferson National Accelerator Facility

~_ Experimental Hall C

Accelerator spec.

Duty factor : ~100 % CW beam

Beam current : <200 1A Jlab is a unique facility for
Maximum energy : 5.5 GeV (e,e’K+) experiments
Beam emittance : ~2 X 10 *m-rad

Energy stability : <10

_ Thomas Jefferson National Accelerator Facili
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Kinematics
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Experimental setup

HKS ( normal conductive)
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Central momentum 0.3 GeV/c

Aplp 5x 10 4 [FWHM]
Momentum acceptance +=30 %

Tilt angle 7.75°
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Q+Q+D
1.2 GeVIc

Configuration

Central momentum

Aplp 2 x 10 4 [FWHM]
Solid angle 16 msr w/ splitter
Flight path 10 m
Momentum acceptance =12.5 %
Angular acceptance 170 mr (v)

180 mr (h)
Max. dipole field 15T
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Pioneering A hypernuclear spectroscopy : Jlab E89-009
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SOS for K* detection :
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Enge for e’ detection : " | T
Accidental coincidence ]
A p/p=5x 10 4 [FWHM] 20 J20
The 15t (e,e’K*) reaction spectroscopy ST e
successfully demonstrated on 2000. -Net 1 month data

*Energy resolution : 900 keV

Review : 1) small K+ solid angle, poor energy resolution
— Upgrade K* spectrometer (HKS)

2) Poor S/N ratio due to the Bremsstrahlung associated electrons

— Introduce Tilt method for the scattered electron spectrometer

: Thomas Jefferson National Accelerator Facili
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Improvement in the E01-011

1) High resolution Kaon Spectrometer (HKS)

— Momentum res. : Ap/p=2x10-* [FWHM] (SOS:5x 10 4)
— K* solid angle : 16 msr w/ splitter ( SOS: 4 msr)

2)Tilt method for e’ arm

Tilt ENGE by ~8 degs upward, shut out Bremsstrahlung, Moller
associated electrons. Thus in the case of 12C target...

— ¢’ detect. rate : ~1 MHz ( E89-009 : ~200 MHz)

— Higher beam current : 30 g A ( E89-009 : 0.6 #A)

— Thicker target : 100 mg/cm? ( E89-009 : 22 mg/cm?)

Achieved data taking for higher mass region
like 28Si w/ higher resolution

= Thomas Jefferson National Accelerator Facili
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K* 1D

Trigger: 1X x 2X x WC x AC @0-25 :
7 02 F
L -
D © 015 F
ﬂ — trk Q E
\/ ptrk + mK+ 0.05 -_
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WC2 01 _
AC A U
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®a . K+ - 2 ns beam bunch structure
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9 e . Coincidence time [ns]
- .
AC1 AC2 Rates:

AC3
HKS : 12.7 kHz, ENGE : 1.195 MHz, TRIG. : 636 Hz

w/ 12C 100 mg/cm?, 26 uA (Comp. dead time < 7%0o)
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e’ / K* incident angle (@ target), momentum calibration

Detect position & angle w/ Drift Chambers

M2 =(E,+M,—E,. -E,)? K+

~(P; + Pe-+ Py —2P. P, COS 6.
—2p,p,.cosO . +2p.p,.cosd. )

e’

Spectrometer
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Spectra (preliminary) :p (e,e’K*) A/ 20
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Spectra (preliminary) : *°C (e,e’K*) **,B

T. Miyoshi et al.,
Phy. Rev. Lett. 90,
232502(2003
s | E89-009 result (2009)
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Spectra (preliminary) : 28Si (e,e’K*) 28 , Al
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Efficiencies

Cross section of the (7 *, K*): € htrk: ~ 0.86
HKS tracking efficiency

do 1 1 i 1 € trig: ~0.99

Trigger efficiency
d Q EAC: ~0.8

otal AC cut efficiency

EWC: ~0.97

dQ) N; N, S

WC cut efficiency

N : # of target € bk: ~0.95
beta cut efficiency

N, :#of V.P. £ etrk: ~0.85

dQ: solid angle acceptance of HKS ENGE tracking efficiency
f veto:
AC veto factor
f abs: ~0.95
Kaon absorption factor
f decay: ~0.33
Kaon decay factor
decay ~ Cetrk 1:comp feomp: ~0.93 _
Computer dead time factor

Ny : yield of A, 29, or hypernuclear state

Eiotal = Ehtrk " Ctrig "€ ac “Ewe " Cuk fvero

- f

abs

] Thomas Jefferson National Accelerator Facilit
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summary

1) The 2nd generation Spectroscopic experiment for A hypernuclei has been completed

at Jlab, 2005.

3) 28,Alwas observed for the 1t time.

It is a breakthrough for medium mass region.

2) Introduction of the HKS and Tilt method enabled
high resolution and high statistics data taking.

4) Mass calibration needs further improvement.
5) Efficiencies estimation has been almost done
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Backup

from here
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Characteristics of the (e,e’K*) reaction (2)
Measuring interior structure by mass spectra :
MEIY :(Ee+MA_EK+ _Ee')2

~(P; + Pe-+ Py —2P. P, COS 6.
—2p,p,.cosO . +2p.p,.cosd. )

Detect position & angle w/ Drift Chambers

K+

e’

Spectrometer

6
X,= D> Cla, By m)xix% yiy"

a+p+y+n=1

(e,e’K*) spectroscopy : Coincidence experiment

On the other hand,

Charge splitter

1) hard to provide continuous electron beam, so far magnet

2) hard to ID e’/K+ associated w/ A production Target

from huge bunch of accidental samples

Beam e
Pe, Pe’, Pk* Bee’, Bek*, Be’k*
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Incident angle calibration (1)

ENGE sieve slit image
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Incident angle calibration (2)

500 Sieve Slit Focal plane

450 |- —— SI m u I a'tl on Target
< 400 | b
s |
< 350 | N PN ,
E Y Y
3 a0l Splitter K* (e’) spectrometer
S [ — p——
g 250 | :
=
‘© 200 |

15Q oo o L e oT oY

qOOO 1050 1100 1150 1200 1250 1300 1350 1400 = ; ;
K* Momentum (MeV/c? . .
( ) e’ sieve slit pattern (real data)

xs [em]

More scattered angle dependence for L and S
=» Tune scatted angle by sieve slit data

(M

proton

<< MlZC)

.{effezun Lab

Thomas Jefferson National Accelerator Facility

&

E‘JSA



Momentum calibration

Calibrate w/ well known CH, (A / 29)
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ENGE / HKS coincidence selection

| Enge focal plane HKS focal plane
‘Target: °C Trye coin. + Acc.

126 UA

'Preliminary

Accidental coin.

8 6 4 -2 0 2 4 6 8
coincidence time [ ns ]

Enge time | HKS time
Coincidence time = Enge time (target) — HKS time (target) (targel) (target)

i Target

Beam (CW, 499 MHz)
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Spectra (preliminary)
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Comparison with a theoretical model

I
: Saclay-Lyon A

2+ / 2+ (11.93/12.11) E, =1.851 GeV, p,’ = 0.348 MeVic, p,* = 1.21 GeVIc,
12 0 e’-K* =15 deg
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12, B : Hall C (upper) V.S. Hall A (lower)
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Spectra (preliminary)
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Tilt method principle

A

Tilt angle e’ associated

w/ virtual photon

Bremsstrahlung
Offset

1.8GeV, 1=30uA, Target = 100 mg/cm?, '3C

300 [ T T T T T T T T T T T T ‘ T \. T T ‘ T T T T7

r Moeller scattering e’ ]

- 200 ; FoM « S/N“2 é
N

fas L ]

g ;Brems. e .

> S E

= 100 -

i \ ‘ ‘ L \ ]
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ENGE angle (degree)
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Electrons associated w/ virtual photon flux (MHz] ,

Thomas Jefferson National Accelerator Facility
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Tilt angle [deq]
Bremsstrahlung electrons . -

Succeeded to suppress acc. electrons
by ~1 MHz
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Singles rate comparison : E89-009 VS. E01-011

E01-011 Calculated values w/ 1, = 30 pA, 100 mg/cm?
HKS ENGE
Target et (kHz) |1 (kHz) | K* (kHz) | p (kHz) | e (kHz) |7 (kH2)
12C 420 0.38 150 1,000 2.8
28Si 420 0.32 130 1,960 2.8
Sl 410 0.29 120 2,650 3.0
12C 100 1.4 <1Hz 0.14 200,000
SOS ENGE
E89-009 Measured value w/ I, = 0.47 pA, 22 mg/cm?

] Thomas Jefferson National Accelerator Facilit
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Jlab HallC Counting hall

geff;?un Lab

High-resolution
Kaon spectrometer
(HKS)

Beam dump

spectrometer

Thomas Jefferson National Accelerator Facility
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Observed A hypernuclear chart

A Hypernuclear Chart
(2004)

Spectroscopic studies by

vspectroscopy  emulsion data

N

3 Thomas Jefferson National Accelerator Facili
Jefferdon Lab “’

(K} (%K) (Ksogi) (6,6°K?) (Ksigp,n®) (m,K?)
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Setup overview
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Incident angle calibration (1)

Calibrate incident angle w/ a sieve slit hole

AN

;
r Splitter

o Thomas Jefferson National Accelerator Facili
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BEEARIML(BERGR)

_'Li (e,e’K*) "pHe

-
(2]
o

-
=
o

120

[Counts / 400 keV / bin

60 |

100 -

80 |

s o Pre||m|nary

0 i A S AR S e e S : o S R R R
20 -15 -10 -5 0 5 10 15 20 25 30

Jefferdon Lab

-B, [MeV]

~30 hrs

G.S.:

[ =940 keV [FWHM]
-B, =-5.50 MeV

_28Si (e,e’K*) 28\ Al

[Counts/250 keV/bin

—
S
o

100 -

80

60

40

20

s, pp Preliminary.

120 S SN S ............................................................. ‘ ................ I ‘ ..

Accidentals

0
-30 25 -20 -15 -10 -5

0

5 10 15 20

~140 hrs, w/ ~13 uA
G.S.:

[ =745 keV [FWHM]
-B, =-17.93 MeV
Yield =~ 5/hr (30 uA)

-B, [MeV]

Thomas Jefferson National Accelerator Facility

@ T



S/N comparison for 2C (e,e’K*) 2, B : E89-009 VS. E01-011
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=EH

O 2005 4F 6 A KYXKE Jlab 2T Li, °B, 12C, 28Si ERIIZXT S (e.e’K*) RIiGZERL =
NINAIN—B D FRERZ1ToT=,

O Li, 28Si 2RIz DL\ TIE., HEVDOE R LS,
HZ 28Si [2DWVTld, P EBEEMHEE (,0'K+) RIEZEBAWL=/\M/\—KH D EH O
&t:i?f:o

O HKS DEAATilt ZDFEBIXE L ERE- B L T —FNELZRREICLT-,

O HEXRIJMLEHRHIZHT S, KFENFA—FDREFETREDRMAH S,
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Data summary

PRy

Typical value

Target Target thickness [ mg/cm? ] I [MA] ENGE [MHZz] HKS [kHZz] Trig. [HZ]
CH, 100 15 0.5 2 46
Li 190 25 1.2 11 850
°Be 190 16 0.9 5 700
12C 100 28 1.2 12 550
28gj 65 13 1.1 7 300
Sy 60 14 1.4 8 430
8y 56 10 1.4 8 420

Beam energy: 1.851 GeV .

..gefj‘.;znn Lab

K:~130 Hz w/ 12C, 30 uA

Thomas Jefferson National Accelerator Facility
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BFRZERAVEANAN—BEG DR

Excitation energy {MeV)

e TR (r K0, (e oK) RISICE MBI (A12) OEBIKLE—RAIMLLE
AR 12C ( 70+, K*) 12, C : KEK E140A, E = 2 MeV [ FWHM ]
‘g1 | #1 : Ground state : 1-

g [HCgs. ®sp]

[HCgs. ®py ]

hEFE—LZAWN= AN /3—o3HkIE. 1970 £ KXY CERN, BNL, KEK G ETHE D
BIZfThhTE. —A. E—LHY AL X (>1cm), BHEOHIBEISTRILX—HFEET
ﬁ MeV Ego

12C (e,e’K*) 12, B : Jlab E01-011, AE =~700 keV [ FWHM ]

#1 : Ground state doublets : 1- + 2-
[1'Bgs. ®s, ]

#2, #3 : Core excited states : 1-, 2-
[ I1IB* ® SA ]

#4 . p, states :
[11Bg.s. ®pA]

—7. 2000 £EIZIE Jlab ITEWVWTEREFR (E—LYAX ¢ ~0.1 mm) ZAL=A/NA/3—
53 L 3RER (EB9-009) AMH R TGO TREIL ., MeV L FDIRIILF—RREEET,

- Thomas Jefferson National Accelerator Facili
.geffagun Lab o @ @M
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BPMs in switchyard & HallC arc.

add new hall o
-

o I

BPMs in EPICS:

IPM3CO01
IPM3C02
IPM3CO03

“IPM3C04

upgrade
existing Hallsf.

enter

]
"‘ T * ---.-I-r!h uﬂ!!

.

A
| .

H

T rad Hi T 1T T

w/ a bunch of IPMs

Thomas Jefferson National Accelerator Facility
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/|IPM3C05

IPM3C06
IPM3CO07
IPM3CO7A
IPM3C08
IPM3C10
IPM3C11
IPM3C12
IPM3C14
IPM3C16
IPM3C17
IPM3C17A
IPM3C18
IPM3C19
IPM3C20
IPM3C20A

Beam momentum “HALLCp” < calibrated
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“HALLcp” VS IPM3C12X

HAPPEX and beam momentum (HALLCp) status for CH, run
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Kaon survival rate
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