Recent @ and Gamma experiments
at the SPring-8/LEPS

Koichi Kino (RCNP)

e O experiment

- LD2 target data

- 2002 Oct. - 2003 Jun.
e Gamma experiment

- 2003 Oct. - Nov.
- Forward gamma detector
- Preliminary y+p — n+p' analysis



LEPS beam line

SPring-8 (SuperPhotonRing 8GeV)

8 GeV electron 8 LASE
o 8GeN —————D @ " 35 eV SPring-8:
StOI‘age I‘lllg [ 8 GeV electron storage ring
{'”-.=;;;5'-i-.=;';§;:ua‘ca'ui:;_'-'
SPH:H_?'"&-‘ _;“ — MWW Nax, 2.4 GeV

- 8 GeV Elect R ]
. SRR A L Id.lj_ BLSBLEP/
Laser Hutch -
Interaction Region
Current=100mA Detector
62 beam lines EXpEHITEREE UG 0 10 20m

Bunch=every 2nsec
ry 1.5 - 2.4 GeV real photon available
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LEPS O™ first data

 Prediction from the e y+n(*C) - K'Kn
Chiral SOlitOll model [Nakano et al. Phys.Rev.Lett 91(2003)012002]
[Diakonov et al. Z.Phys.A359(1997)305] TR R L Il:i‘}:]: 3
5 15 - 12C(Scintillator
(1530) S ( F)
nK* or pK° Z* (uudds) s ¢t ]
T Identify N(1710) asone of & 40 = 5 d
members of the anti-decuplet S P i
1@0 Mev N(1710) 5 I J s
= - .
@ 5L il _
1 O Me - H | X ]
i > (1890) L - = LH2 :
180 Me _ 0 2 T e I i |-‘E-L|_
e o =.,,(2070) 15 16 1.7 1.8
=T orz°K =0+ or STK O MM’ (GeV/c?)
(ddssu) _ (uussd) peak = 1.54+0.01 GeV/c?
q*q 10 state width < 25 MeV/c?

Gaussian significance = 4.60
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e Optimistic data

LEPS
CLAS
CLAS
SAPHIR
HERMES
ZEUS
COSY
DIANA
JINR
SVD
v+A

Data from other Labs

y+n(12C) — nKt+K~ BaBar
Y+d — nKt4p+ K~ E690(Fermi)
VP — nK T+t K CDF
Y+p — nK+T+K? Belle
e+d — pKV+X Belle
e pf;%‘; HERA-B
P — P+
2;(++Xe — pK+Xe ALEPH
n+p — nK"+p+ K- DELPHI
p+A — pKo+X HyperCP
v+A — pKo+ X BES
BES

E522(KEK) 7 4p — X+K~

e Pessimistic data

ef+e” — pKO+X

P+Drest — Psiow K3+ K~ +1+Dsqst
p+p — pKO+X

K+N — pK!

B — pK+p

p+A — pK'+X

et+e” — pKY+X

et+e” — pKY+X

p+A — pK'+ X

(28) — pK? + nK~, pK? + nK*
J/ — pK® + nK~, pK° + nK*"

etc.

e Can the peak seen in the previous LEPS
data be seen in the new data again ?



LEPS new LD2 and LH2 data

Oct. 2002 - Jun. 2003
15cm-long target cell
~2:10"'"* photons on the LD2 target

- Less Fermi motion effect
~1.4-10"” photons on the LH2 target



LEPS Detector

LH2, LD2 Target
(150mm thick)




Expected reactions

yn(p) = 0K (p) %K
Pt - K o
n — S=+1
P

Exotic

yp(n) = A*(1520)K*(n) v -
A*(1520) = Kp < S=
Standard baryon

yN = ¢(1020)N = K'K'N
Mason resonance



Applied cuts and correction

e  meson exclusion cut

* Deuteron elastic reaction cut
* Missing mass cut

* Fermi motion correction



¢ meson exclusion cut

e Invariant Mass (K'K) _* Missing Mass (y,K")

I ©  MC KKn 3-body phase space
>
- %  1.8<Ey<2.0 GeV 2.2<Ey<2.4 GeV
L b4
Z Y
] .. Real data 2
" hi LT S I :
Hy et ,LHMH,‘LM )
10 { f mﬁm i LN ‘#‘M‘W’ | é]_ 55—
i * WHMC( ) 1.50
Cut | 1| HH d)‘ ***** 2
10 ;)1.98‘ - 1‘ - ‘l.i)2‘ ‘ 1.04‘ ‘ ‘1.06‘ ‘ ‘1.08‘ ‘ ‘1.1‘ ‘1.12 ‘ l.ltH-{ HIJG ‘ 1.18 .ﬂ M((l)) — ]. . O ]. 9 GGV/CZ
M(K+K-) (GeV) 2

Invariant Mass (K*K") (GeV/c?)

Relative acceptance
Ratio = (Real — MC) / MC = N(1.50<MM(y,K7)<1.55) / N(all)

Almost Ey independent Ey dependent

Invariant Mass (K*K") (GeV/c?)

R = “Ratio” x “Relative acceptance” 10



¢ meson exclusion cut

* Energy dependent

¢ exclusion cut function

1015 [

Invariant Mass (KK (GeV)

 Effect on MM (y,K")

300

200

R=0.20 ,,,

0
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200
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_—| 1 'g:j_ I E | I—_ EER R :ﬂl_ T E [ T3
Z L‘—"“[‘;‘F: 200 & L"—‘m——;
= e ey W10
z - :
R G i 0 B | 10 =
1.4 1.6 1.8 1.4 1.6 1.8
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T R T EE
=] 0209 0 F 50 5
=3 E 100 =
; 1 wb
:| I = 0 _| A B -
1.4 1.6 1.8 14 1.6 1.8

MM yK+ (G eV/CZ)
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deuteron elastic reaction cut

e Remove yd—K'K'd reaction
e Cut MM d(y,K'K) < 1.89 GeV/c?

LB S e e o s e e e TN S L L R g T T T T dods TTOT T
Entries 1023 i 0 — B | Entres 2812
Mean 1.937 b Mean 1.933
: ] RMS .4510E-01

IL.LH 2 cr:euteron

mass
100 *

1 0:'_1_\—0—‘\\\\

L L ‘ L L L L L L L
195 2 2.05 21 18 185 19 195 2 2.05

MM d(y, K*'K) (GeV/c’) MM d(y,K'K) (GeV/c?)




MM n(y,K'K") cut

e Coose 0.89 < MM n(y,K*K") < 0.99 GeV/c?

[T T 1 LI P 1 I L LU ) L L L
L |EH:I'.II [
L hkaem il

130 = ﬂ IS

40

13

]lJIJ-—

a0

#0 |-

40

[
b ) S S e T T
BE 1 147 14

MM n(y,K*K") (GeV/c?)

- = ) = i
i E L & i -

2

MM n(y,K*K") (GeV/c?)
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Fermi motion correction

MM° g

—_ MM yK— — MM yK+K— + Mn

(MM° g )°= (MM k)? - P(kin)/Pn(MM? g,k — My?)

n(p) momentum = missing momentum

200
175
150

125 ©

100
75
50
25

0 C |

200 —

180
160
140
120
100
80
60
40
20

A\\‘\\\‘\\D\J\Mskﬁ‘\\lf
- Entrie 2161 -

6o & T T T
140
120
1 100
=80
E 60
- 40
- 20

1 A(1520) 1 - A(1520) 9

| | | | | | | [ 0 C | | | | | | | [
14 15 16 1.7 18 19 14 15 16 17 18 1.9

MM YK+ (GeV/c?)

A(1520) 3

"4 15 16 17 18 19 MM yK+ (GeV/ Cz)
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Result of LD2 data and summary

K'K from LD2 target

¢ exclusion cut at R=0.2

MM d(y K*K)>1.89 GeV/c?
0.89<MM n(y,K*K)<0.99 GeV/c?

Fermi motion correction nf

Missing Mass (y,K )(GeV/c?)
LEPS took new data with LD2 target for the search
of the ©".

Energy dependent ¢ exclusion cut was designed
and its validity was checked with A(1520) study.

The “O"” peak was reproduced in the K™ missing
mass of LD2 data.
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Gamma experiment
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Primakov 27’ production

Mok, ,,-;-"'"-’EU Py} e Polarizability (10 *fm°)
Ve ~ x—B=-1.4+1.7 (exp.)
* 1 (py)
. ’ ~ x—B=-1.9+0.2 (XPT.)

* Loop structure in
the XPT theory

* Only one similar reaction
data exists
0.0

e'e” s e'ey'y* —setemm

- No tree diagram
because of no charge

T g 7 :
- ¥ T
2 e <
g ey |
o~ 12 o (e) i
02 “i Y i 7—"0
QO — ") . X
» AN a Y =
0w o (b) 5
8 S g (4) 7
H A %50 300 350 400 450 500 550 600 650 700 1 1 .

oop diagrams

© W (MeV) P g 17



Primakov 27’ production

* Contribution of 0 meson A T,E
- inverse process of 02y "y
decay v TI:O
- f0(400-1200) 0y Ao A—27OA
* 2r’decay : dominant | W target
B r = 5 keV
OFyy = 10+6 keV (PDG) [ 1. = 0.6 GeV/c?
10 _ I, _04GeV

eIy, = 3.8+1.5 keV
(Penmngton hep-ph9905241)

Cross Section (ub/GeV/cz)

(3]
— T

2 I3 _
d_O' = F 8OKZ B ’Y |F ( )|2 S‘il’lQ(@) %9 . | 06 o(.; y 2)1
dQ £ M3 €M, L nvariant mass (GeV/c
o Mass T Total Cross Section = 1.0ubarn
momentum Ey=0.5Mcps ® DAQ Live time
transter = 0.3 event/hr 18




Gamm-rays distribution

e Simulation of Primakov 27° production

I o ; | ENTRIES 40000

50 [

-100

-150

200 |- . . ?"H 4 | =

| i I 1 i | L
-200 -150 -100 -50 0 50 100 150 200
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Nucleon resonances

* Gap between theory
and experiment

- N scattering and
m decay

- data with other channels
and isospin selectivity
needed

* This experiment

- suitable energy
- various channels n,w,n',...

- photon beam asymmetry

& [T 7 lquark model
€ 60 [ . -
L N -resonances .
o |
@ 40| ¥
m B o
© 20| 1 observed
o | :
€ | .
0
=)
7 3
@ | :
S | 4quark model
© 30 - A-resonances et
o | . ]
Dog |observed
20| _
o
o [
+ 10
® |
_g ,
S ol
P
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yp—np' data by ELSA

S11(1535) LEPS iN > r;\ :N’N*N\‘ N p': 1”;N TEAN :N‘N_N\

— Included diagrams

G tot [uti E . [GeV] 9
20 1 1A g 42 =
15 .= *'1_ N* h:[ (MeV) P (l\f[eV) _431,/2/;4%32 _P_.;.”_!(U.u{.
& L 3 N(1520)D;yz 1530+ 7 1024+15 < —24  0.027+13:91

CoF PDG 15207:°  120f;; —6.9+26 <0.07

14 Dis (2080) N(1535)S11 1505+ 12 152+ 15 1
i b PDG 1505 4 10 170 + 80 1
- 2 < TN N(1650)S11 1626 4 10 188 + 30 s
1}
I " ® PDG 1660 4 20 160 + 10 0.01 —0.4
H*+{i+f*.+-+* | ii N(1680)F1s 1673+ 8 98417 large  0.009 & 0.007
L H o PDG 1680710 130+10 —89+3.6  <0.05
+J, 5

3 Jff{- 4 N(1720)P1s 1734+ 23 275175 —45%,0  0.270%

- PDG 1720730 250450 —1.14+2.1 <0.1

- [E@ggzglsﬁrg T40 368 ;5 —05F0.3 0.20F0.03 |

AN WA ST [ O AL A LA N R SN (DU (- SLLs T LR N TN (S T KL S
1.6 1.8 2 2.2 W [%‘1.41.'] Fit result
e
Dqs > 52" %2=676/630
[hep-ex/0311045] 3/2~ AY2=59
127 AY2=73

/2% A%2=91



Excitation energy(MeV)
=
8

500

'y
L9
[
=

What kind of state

D /1sosp1n 1/2
15

!

m+N decay
relative angular momentum

JT=5/2"
- L=1or3

e Deformed Oscillator
Quark Model
E (L N)=

q>
L(L+1)

1, _1p+1}\ E (N)+ 5T

vq;

spm 5/2

(L)

I

ME— ° I — — ° RS
Even parity S Odd parity
Q 1111(2600)
S g [/ =3
=
2
""""" HHIBEEE iyl L=4 - @ R
**F37(2390) : 3000 g [~3
E{%_SEE -2 *G37(2200)
P13(1720) F3?!195IJ i m
""""" Fi5(1680) ~P13(1900)  oiiiom L L = TR
P11(1710) P31(1910 > SI0335)  p13(1700) (1630)
,,,,,,,,, P11 14401':35{190 L=0 W s500| D13(1520) D33(1700)
P33(1600) T e ER R s L=1
i e R L b P Bt =0 0+
2 3 2 3 2
8s 8ms 10s 8ms 8wms 10wms
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Detector Setup

¥ 4—'
charged particle | il
: z counter . |
A i L
charged patticle i L
counter R ¢
. limator “PStream Y o
o — active collimator e counter W .

target

30-100 deg
0-360 deg

aS
|

oA
44444

orwar | Detector

!
i
e e e e e i e e P R SR G T il
) - | E—__l .
Q .,'q',:' Q .,'q,')
e et T AR s
= R g e R e i R e B i 10 xs W
SETERS FEIIE
e e e

-2m -lm O lm 2m
L ! ! ! |

0 = 3-15 deg
¢ = 0-360 deg 23



Backward Gamma Detecto

. Lead/SCIFI 252 modules
* Energy resolution 6% @ 1 GeV Gamma-ray
e Each length = 22cm - 13.7 Xo

—

y .
1.35 . ) . .
OOOOOOOODGO 4t Scintillation fiber
OO OO OO0
OO0
OO0

OO0 4:— Lead

V7876767070008 0/cTe Rl
1.0
[
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Forward Gamma Detector

e 252 PWO crystals
- 22x22x180mm 19.5Xo,
e % in. PMT

* Cockcroft-Walton type H.V.
supplier

* Energy resolution 3%
@ 1GeV gamma-ray

‘ i e i i i s i e\
o w00 8w e ‘15|)Iu‘n ™ \:u‘mnr»!e‘:' o 250 13?0': ®

s

T e TR S T
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PbWO. Crystal

* Development started in 1992

* Property PWO BGO Nal(Tl)
. . density (g/cm”3) 82 713 3.67

B hlgh den51ty radiation length (cm) 092 1.12 2.59

— short radiation length Moliere radius (cm) 22 24 4.5

. . decay constant (ns) 10 300 230

- small Moliere radius light vield (%) 05 7-10 100

- fast decay time wave length (nm) 430 480 415

. index 2.2 2.15 1.85

- small light output

e Recent development(1999-~)

La’*,Y’",... doped

* To suppress 350 and 420nm absorption
bands due to Pb’*,0 color centers
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Experiment

Target
- CH2(0.10Xo), C(0.17X0), W(0.20X0)
Event Trigger

- (FGor 1 BGor) O TaggerHit [0 Bar(VetoCounters)

* FGor: 30MeV deposit at least in 1 crystal
* BGor: 10MeV deposit at least in 1 module

Incident gamma intensity
- 500-600 kcps

Trigger rate

- 350-750 cps

- 70-80% DAQ live time

27



lFG Base analysis(l)l

 Energy calibration * Clustering

- (1) cosmic-ray MIP - Energy deposit

- (2) iteration method @ 1 GeV gamma-ray

using 7°—-2y events * 80% center PWO
* 20% periferal SPWOs
2y event
22500; | Entrios smass cluster area
I 2 cluster and
20000 | no charged particle on FG detector
17500 1cluster [ 1 ]
15000 fn'i — real data = 4.9%
12500% r ............ simulation = 4.2% example1 example2
10000 |
% 5 2cluster |- B IR 1 ]
5000 \
25“2% RH_WI L | examplet example2
0 005 01 015 02 025 03 .
Invariant Mass (GeV/c?) Energy deposit > 40MeV
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lFG Base analysis(2) .

e Position reconstruction

- center of gravity method

E C ENTRIES 6109
® ® ® ® 200 e ppiLiely
- logarithmic weighting E ™ -
[NIM A311 (1992) 130.] 150 = .
X = 2 WX, v 2 WY, 100 -
w,=max |0, W, +In|— o ErE
E:tot E
. . -50 - *
Experimental result using e- beam i
‘S -100 -
= 1zf } g
o -150
>’ o
e 6 / -200 - | | | | | | | | |
E* l/ -200-150-100 -50 0 50 100 150 200
O 4 —
N AR e mm
8 T4 2 0 2 4 6 8 10 12 29
position of impact (mm)



W target

2y detected events

250 gy
450 |
150 ao0 |
100 350 |
4 250 |
-50 200 |
-100 150 |
-150 T 100 |
-200 S 50 |

250 o . ———

-250 -200 -150 -100 -50 O 50 100 150 200 250 0 0.05 0.1 0.15 0.2 0.25 0.3

X (mm) 2y Invariant Mass (GeV/c?)
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Examples of invariant mass

mo.135) 1) (0:547) (1)) ©.958) nfo.135)

2yevent

m’—2y (99%)
U—>2y (39%) . |
-2y 2%) . |

@ 7 nesn (B)

o) osse)

1.2 |
0 05 1 15 0 05 i 15
R wlimceuwcﬁ L s 1M (GeVic?)
M (0.782)
P
3yevel’lt @ 02 (a) 1000 - (b)
04 _ 800
w—y’—3y o8 1 t=-0.3-0.0 GeV?
(9%) e w00 | @ (0.782)
K s w
kinematical fit | -
. 14 - ahdbe . .7
applled 0 0.5 1 5 Yo 05 K 15

IM(GeVic?) IM(GeVic?)
invariani mass vs 1 invariani mass 3 1



yp—np’ event selection

« 2y and 1 charged particle detected events

800

oo
600
200
400
200
200
100

I

Tz
|Erl:r|- 1308

Y,

b

%%

0.5 1 15

27y Invariant Mass {GEWI:E}

450 [
400
350
300
250
patll]
150
100
50
L1

1]

05 1 15 2
27 Missing Mass (GEWEE}

175
150
125
100

__ Applied cut _

200 —

75 :
50 i
25 LW
I |

* Cut

Cut

Eﬁl 90 0 90 180

. ¢ (recoil) - § (charged particle) (deg)

s &

CV energy deposit (GeV)
=
5
ma

TT

L2

Charged particle ID

0.2 04 06 08
BG energy deposit (GaV)

120

100

i

L1 0.5 1 15
27 Invariant Mass {Ge\fch]

M\s
; "Mﬁ #‘ e

2y Missing Mass {GeWcE‘,l

s Sl



Phqton Beam Asymmetry(l)

@ Photon beam asymmetry : 2

01 = 0+ Yicos(20)
D 20) =
o = 0 — X cos(29) COS( qb) g +0

ﬂ Y \,’

Gamma Proton

/ Proton

CM system of yp—np’ reaction |

O, — 0
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Photon Beam Asymmetry(2)

. Helicity representation
A [l 0) = ZA (27 +1) (Q)Bi()‘_“)é

initial hellclty A=A — g
final helicity /= Aq— A2 = — A2
resonance spin j

Z | All amplitudes
_ A = +1 A= —1
aopl"M0 o [ [ aeh ey
p=3 | Ay Ay Ay Ay
Y a=-i|Agy Ay |Apg Ay
¢
v
X p'/ Y (Ax)

(h2) 34



Phqton Beam Asymmetry(B)

Using property A, = —¢AW=24 (0, ¢)

1
@ 1 = —=(e1 +e-) Vertical linear polarization
V2
A H
~1 LA tA, s - {z: AJ . 1(23 + 1)d3 %(9)] 0 4 {Z A 327+ 1)0@,%(9) e~
O o P ) B Y T D
_% _% A_%’% 4 A_%,_% N F:j AJ i %(QJ 4+ 1)0% _%(9)} - {Zj AJ%,%(QJ . 1)d”7% %(Q)J o—2i¢

Interference terms _ ..
in the cross section

(Z A} 5(2) +1)d3, %(9)) (ZAj%’%(ZjJrl)d‘;%(é))) ]cos(ng)

J

—2Re

(ZA]H 25 +1) déé(e)) (ZA{

1
@ = _E(€+ —¢_) Horizontal linear polarization

Interference terms -~ inverse signs g



-

Large Cross Section

Example yp—np @low energy

GRAAL data

o o
o0

o o
N R O

Asymmetry (arb.unit)
o o
E =3 N o

=
o
T

g-wave

<
o

90

180

O (degq)

|
270

360

0 (deg)

S11 ® (D or F or G)

T

N

0.4t 740 MeV 1 0.4¢ I808 IMeV 1
. 02f [ 3. 1 02t 7 & 51
00— 0.0
—0.2f o 4-02p
0'63 870 MeV_; 0.6¢ 930 MeV |
0.4} ] 04} ]
[ ] / ANXUY
0.0 = # 0.0 ~F————
-02f i-02p ]
1 {08 & ]
r 990 MeV 1 r @ 1050 MeV 1
0.6:‘ ] 0.6:' ;
0.4 2 1 04Ff A ]
0.2} 7 * 102} 7 ~ :
N SN B g
0.0 === == 0.0 =" =]
—02'—“_'““' IIIIIIIIIII j-02f T
030 80 90 120 150 180 O 30 60 90 120 750 180
0 (deg) 0 (deg)
-------------- isobar-model w/o D13(1520)
— — . isobar-model w/ D13(1520)

fit to the data w/ F15(1680)
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cos(2¢) dependence

Example: CH2 target, FG1y,BGly
Ey=1.8-2.1GeV, 0" 1=40-60deg

¥ Angf 837 / 19

-
n

P1 5702 - 1378 |

A

=
o

=
o

]
A

2.cos(2¢)
N(vert)-N(hori)/N(vert)+N(hori)
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Obtained Asymmetry

| | T | |
- 0.74GeV 0.87 GeV -
5F + « - 4« GRAAL data
- —— ————_, o E ++ " - E
H+{ ______ I *HH{ _____ i
f— 0.99GeV | 1.176 GeV -
. N, |4+ LEPS CH2
- 1 ‘ 1
i + e, R © . 1+ LEPS carbon
o o I-". ------ I-""-."jr"."-."-ln-.-"‘-"\-"‘"-‘"-\"" ‘"j
\ | | ’ T \ ' a
s 1.388 GeV | 1.5-1.8 GeV | N
Lo L " X i N ‘66
. . + E o
SRR b2 S R
— : } ; : ! —t I — } —L } : ; } : — &'\' b@'
- 1 . N\ >
- j*: 1.8-2.1 GeV | 2.1-2.4 GeV ,@\,,&
- T . N
sz S e T
: 1 <9,
:*-‘"-,"-l-"‘"-‘-nl-"."-."-I-","-.":—-."-i"-ln-."-‘"-l-"\-"‘-"\-"‘-$
0 4 135 180 135 180

S 9 45 9
6, 2deg) 6, ?deg) 33



Possibility of A* study

* Resonance isospin

yp—nA™ reaction

2 selectivi o
3/2 selectivity S . Proton A(1232)
* Quark model % : ommes o
prediction Chad
_ F4:(1990) kol
“= 0.7 |
_ D4s(2165) e *7
: @ 0.6 |
e 2 neutral particles =& | M
in final state E == __
- n+m° Or n+n g - b
g e Py
(A*>pr’,nmt) E o3 | —
- n detection is S 0256 08 1 12 14 16 18 2

important Missing Mass of p(y.n) (GeV/c?)



Summary

Photoreaction experiment was performed to study
Primakov 27° production and nuclear resonances

at the SPring-8/LEPS beam line.

Forward gamma detector was constructed to
detect gamma-rays at a forward direction with a
minimum angle of 3 degree.

Preliminary result of yp—np’/ reaction was shown.

Photon beam asymmetries have tendency of a
forward peaking distribution.

Data analysis for precise calibration and various
physics channels are in progress.
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additional pages

41



Events

Charged particle identification

Reconstructed mass § K/mseparation (positive charge)
105; (eb) 25

Tt Q
104 & 2 103

: )

L o
1037 CIqD

’ K_ 1.5

[ g 10 2
1022— 2 X
1 7 0.5

I 10
A3 . .| .

-1 -0. 25 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Mass(GeV/c?)

Mass/Charge (GeV/C?)

O Mass = 30 MeV/c*(typ.) for 1GeV/c Kaon
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MM, (GeV)

4 L]
14 145 15 155 16 16 L7 17 18 185 138 14 145 15 155 16 145 1.7 17 18 185 1%

KKN phase space MC data

 After applying the same cuts

MM ;_(GeV) MM, ¢ (GeV)
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MM, (GeV)

(=]
wwn
Ln

=
L]

145

14

14 145

¢ MC

 After applying the same cuts

15 155 16 165 17 175 18

MM,_(GeV)

1E5

19

u IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
14 14 15 158 16 162 17 17% 18 18 1%

MM,;_(GeV)
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A*(1670) MC

 After applying

the same cuts

= ® ¥ B &% ¥ % ¥ 3

L? LTS L L W

MM, (GeV)
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145

MM(y,K*) vs MM(y,K")

LH?2

1.
14 145 15 155 1 16 1.7 L1L75 18 18 18

MM, (GeV)

165

155

1.5

145

14

LD2

14 145 15 155 1& 16 17 175 184 18 18

MM, (GeV)
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