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Motivation

® Triggered by recent observations of possible PQ at 1530 MeV (width <15 MeV)

Many experiments observed peaks in Kn and K°p channels at ~1530 MeV
consistent with PQ predictions -

- LEPS, DIANA, CLAS, SAPHIR, HERMES, SVD - all are low-energy experiments

® |n this study, we attempt to find such states by reconstructing K°p final state
in ep colliding experiment

M( ~1530 M@V uudds
Fe<15 MeV
Note: K°p decay channel is not exotic

Example: Z states

Thus this measurement has to be complemented
with those based on K*n decay mode

Why O*— K°%p channel?

- K’ decay mode can be well reconstructed (no chance for Kn)

- No K% resonance near 1530 MeV in e*e" (LEP, BaBar, Belle, BES).
— PQ suppressed in quark fragmentation? £avo’ P ﬁ-\g‘\a\'Z

- No corresponding peak in A channel. Not a new £7? of K



Event kinematics

e / et ———p _ P
27.6 GeV 820/920 GeV

< §: ep c.m. energy

Vs = 300 — 318 GeV

2 @Q?=-g? 4-momentum
transfer squared

> x: fraction of proton mo-
mentum carried by quark

DIS events are triggered by observing > y:inelasticity parameter
scattered electron in calorimeters .
— unbiased hadronic final-state data sample > W:.y™-pc.m. energy
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Reconstruction of K° p in DIS

K° reconstruction:

—=—data
— Fit

-
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K° —mr*1mr using
secondary-vertex
e p.(K°)>0.3 GeV

¢ n(K)I<1.5

« ZEUS 96-00

Q>5 GeV? — Fit

Combinations / 0.002 GeV

[9)]
o
o

® Dalitz e*e pairs and
oyt N's removed

8.42 044 048 048 0.5 052 0.54 0.55 0.58

M, [GeV]

Proton reconstruction:

negative charge

® tracks originate from primary vertex E o ‘ (b)
® dE/dx identification:
= ZEUS: “region method”
+ dE/dx>1.15, p<1.5 GeV
= H1: “likelihood” method

K°  p mass resolution:
H1: 5 MeV ZEUS: 2.4 MeV




K° p invariant mass

D |
® Peak near 1522 MeV for DIS at Q2>20 GeV?

s IR A."— K°p peak near 2285 MeV for

., events=553+ 219

"+ ZEUS (prel.) 96-00 photoproduction and DIS:

photoproduction

Entries / 0.010 GeV

= signal-over-background (S/B) ratio is very
small for photoproduction

i . .
i = such S/B is expected for c-quark

H-H,
LY i

i 3 fragmentation driven by boson-gluon-

tHy N FE] 24

penk= 22879 & 1.9 V. fusion process g—cc

width= 5.3+ 3.0 MeV
events=278% 67

0322‘:"3::!”2" q '”"'I"""'n.-.... . Note: ZEUS tri ggers p hotoproduction events usin -
RSl jets with E >6-8 GeV:

— ZEUS photoproduction events are enriched with
K°% and (anti)protons from fragmentation of
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ol Absence of O peak in photoproduction data
V could be due to small S/B ratio (significant
combinatorial background and particle
multiplicity)
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K° p peak near 1522 MeV in details

2
0 0 K p(p)
% G ® 4.60 signal near 1522 MeV
s * Narrow width M=8+4 MeV
E 2R ® For low proton momenta p<1.5 GeV
0 ) * Not in MC simulation
e Exits in DIS for Q2>20-50 GeV?
. i R il Bl ® Double-peak restructure?
W o1s oMY i T _ = evidence for PDG Z(1480) bump (*)?

see more details in
ZEUS Coll. PL B591 (2004) 7

Fit: Double-Gaussian + threshold
background function 6



A(1520)—K: p

Significant number of A(1520) (~16.5K)

S/B ratio is the same for photoproduction
and DIS

Indicates light-quark fragmentation origin
(unlike A.*)

|IIII|IIII|IIII|IIII1II

) 15 155

peak= 1517.3 % 0.4 MeV
- ZEUS (prel.) 96-00 width= 7.7+ 0.4 MeV

events=13526 £ 561

Entries / 0.010 GeV

photoproduction ’

= Rate of A(1520) ~ average charge
multiplicity.

1.6 1.8 2

I'.AIHIII|IIII|IIII|IIII|IIII|IIII|IIII1I—|-

®[TTTT]

aete j
. A KX
i 15 1.55 16
Fit peak= 1517.1 £ 0.5 MeV
i width= 6.6+ 0.6 MeV
soxDRElOROUNG, oy events=2658 + 199

Q°>1 GeV? S/B=0.07

K*p spectrum does
not have statistically
significant peak
near 1530 MeV
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: 1_.*“‘5
K 15 155 16

¥
" peak= 1517.5 + 1.8 MeV
Mk width= 6.0+ 1.8 MeV
2 M, events=313+ 83
02-520 GeV ""-l.."...‘. S/B =0.04

Entries / 0.010 GeV

no ©* signal
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Looking at production properties

Non-observations of ©* in e*e- may
indicate that ZEUS ©* signal could be

related to the proton fragmentation K (p +P), >0

Q%20 GeV? ++ +

++ e ZEUS (prel.) 96-00
—Fit
... Background

Keake 15174 £ 1.8 MeV Lab
peak= 4+ 1.8 lMe a
width= 7.7+ 1.5Mev [ >0 a)
events=195+ 42

If this is the case (S.C. hep-ph/0502098):
1) high-Q? events are more favorable

2) ©O* mainly in the forward region (n-=* >0)
3) ©* rate should be larger than for ©*

Combinations/0.005 GeV

Check this by reconstructing the K° p signal:

- in forward and rear pseudorapidity regions

KS (p +P), <0
- for proton and antiproton combinations -

Q%20 GeV?

42 /ndf =65 /50 n Lab <()
peak= 1521.5 MeV {‘ﬁxed)

width= 6.1 MeV (fixed) b)
events=22+ 23

1.55

peak is predominantly for nt@* >0



Looking at production properties

® What about known states?

K'p + K p, n"=0

e ZEUS (prel.) 96-00
— Fit
- Background

= A(1520) - from u,d,s-quark
fragmentation

Combinations/0.005 GeV

peak= 15159 + 0.8 MeV

[ | AC+ - from c-q uark width= 6.2+ 0.8 MeV

fragmentation after the hard '
process g—cc

® Good reference for comparison
with ©O*candidate

K (p+p), n"">0
2

%"~ /ndf =28 / 30

peak= 1517.6 = 0.7 MeV

® ZEUS (prel.) 96-00
width= 6.2+ 0.7 MeV

— Fit
-« Background

events=1246 + 127
00
146 148 15 152 1.54 1.56 1.5

&’ > 1 GeV?

Combinations/0.010 GeV

%%/ ndf=27 /24
peak= 2287.9 MeV (fixed)

same numbers of baryons / iy Eyarf o,
for nt**>0 and n'-**<0 :

K2 (p+p), n*"<0

nLab <0
unlike ©* candidate, A(1520) and A" are +

democratically produced in n-*>0 and n‘** <0 e
pseudorapidity regions . T ¥

M (GeV)



Looking at production properties

Kg p, nt%°=0

e Split the signal to K’ -proton and

2 2
K°%-antiproton combinations for n-** >0 Q°>20 GeV

® Double-Gaussian fit gives 5.40 statistical
significance for the proton channel e ZEUS (prel.) 96-00

—— Fit

e BACKground

Combinations/0.005 GeV

e Background is simpler than for the sum of Y 2 /ndt=sa/51
peak= 15174 MeV (fixed)

the two distributions ¥ Width= 7.7 MeV (fixed)
) events=125+ 23

KEB, 115850

Q320 GeV? +
Notes on the fitting procedure: +
- peak and width are fixed to the sum of the , +++
two distributions o

< %2 /ndf=53/51

- fit using continuous background is also fine P Bosle 15174 ey flixed)
h events=64 + 22




Looking at production properties

if ZEUS O* candidate is a new X
state, it can decay to AT

No signal near 1530 MeV

Peak near 1600 MeV consistent
with a PDG Z state (**)

= statistical significance is low

¥(1385) —
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* « ZEUS (prel.) 96-00

photoproduction

— Fit
%2 /ndf =37 /32
peak= 1593.3 = 1.5 MeV
---- Background width= 4.2+ 1.0 MaV
avents=570+ 129

Q=1 GeV*
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Cross-section measurement

I —
ZEUS ZEUS

e ZEUS (prel.) 96-00 e ZEUS (prel.) 96-00

0.04<y < 0.95
P; >0.5 GeV

nl<1.5

0.04<y < 0.95
P, >0.5 GeV

nl<1.5

20 25 30 35 40 45 50
2 2
cImin (Gev )

® assume X kinematics for ©* (as for quark fragmentation)

® estimate acceptance using RAPGAP model (for DIS process)
O FPINCT-\EIl 0 (cFp — e OT X — & KV X) = 125 4 27(stat.) 738 (syst.) pb.




N/5 MeV

N/5 MeV

5 < Q% <10 GeV?

-=H1 data
—bqgr fit

H1 preliminary

-IIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIII
14 15 155 16 1.6 1.7 175 18

M(KSP(P))[G eV]
20 < Q% < 100 GeV?

-H1 data
—bqr fit

H1 preliminary

IIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIII
145 15 155 16 1.8 1.7 1?5 18

M(Kgp(p))[GeV]

H1 results

I
e H1:DIS Q5 GeV2 0.1<y<0.6 (ZEUS: 0.01<y<0.95)

® Protons are selected using the dE/dx likelihood
method without explicit cut on the proton momenta
(allows to use protons with p>1.5 GeV)

e Similar K"S reconstruction as for ZEUS

H1 preliminary

—— int window =+ 10 MeV H1 prel.
int window = + 16 MeV

ay, (0">K p(p)ipb]

N/5 MeV

80[
601

-H1 data 20<Q%<100 GeV?

40- _bgrﬂt ._III\.\\II. ||||1.|6\|\|1.|65|||\1.7

g MK p(p))GeV]
£0 H1 preliminary

O biorig gl b L Ll upper limits on o(0©* ) assuming

1-'.4;5 12 135 16 165 1.7 175 1.8 .
M(Ksp®))[GeV] quark fragmentation of ©*
13
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H1 results

low momentum dE/dx selection

E

Q%>20 GeV?
int. window =+ 10 MeV

H1 prel.

B
=
7)
=z

90F
0f
70F
60F
50
0
30

20

4
o* ]
u
L]

—-H1 data
H1 preliminar'y' —bgr f|Eti 95 o/o CL 20{Q2{100 GEVQ

e ¥l e = Al <IR fes '1.5'*' '1.})5' - |1.|6| - '1.£|35' Y,
ZEUS peak MK )GeV] ZEUS peak MK pE)GeY]

Use low-momentum protons as in ZEUS

case (p<1.5 GeV) — a better proton purity

Still no ZEUS signal

Statistics is lower than in ZEUS case owmomenty

int. window
int. window

3

int. window =+ 10 MeV
int. window =+ 16 MeV H1 prel.

6u.L.(91""K':'I_T’)[F'lf’]
2

& 8 8

95% C.L. 20<Q°<100 GeV?

JILJ[LILlJJlLJlLJILIIJll
'R45 15 1.55 16 1.65 1.7

Upper limit does not contradict to the .
M(K:p)[GeV]

ZEUS observation 4
= g(0*)~120 pb for Q>>20 GeV? antiprotons

2
Need more data B | EEENA <¢— protons

L 11-61 1| l1-65| 1 Il 11-7
M(Kp)[GeV] 14

o (6"->K p)[pb]

E 8 8




Heavy strange PQ in DIS

® Observed by NA49 Collab.
CELED,

E

e Consistent with =—

:

3/2 o ZEUSH D 'ﬂ Q»>1Gevz "

—ht
A

---Background |

g

|

I

|
candidates : f
69222+ 308 |

® narrow width, mass ~1862 MeV

2 E

candidates :

|
81536 £ 413 z X

Conlhlnatlons /1 MeV

Reconstruction: |
® A from secondary vertex

® combine with tracks which have e X
sma" DCA from A 11 1105 111 1.115 H(zp.:r.;(zse\}.]m 11 1105 1.11 1.115 H{zﬁ};;{z&s&\}iw

® combine = candidates with pions
from primary vertex

= ~3100 = candidates

.

= ZEUS96-00
—Fit
-=-Background

A

candidates : candidates :
1533 £496

o
=

3
=
1n
&
1]
=
G330
o
=
k-]
;

[N
=

1]
128 13 1.3 134 136 126 128 13 132 134 136
M(AT)(GeV) M(AT")(GeV)
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Heavy strange PQ
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[ ]
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Combinations /10 MeV

IEIIII

B
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|
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candidates=132130
peak=1533.321.0 MeV
o=6.641. 4 Mel

95% C.L. upper |
limit on R
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: [ NAD sgpal *
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0 ||||||||||||||||||*|||||||||||||||||||||||||| 0-||+||||||||||||||||||¢||||I|IIII|||||||||||||||T *H+++ + ++ +++++++ +++++++++}+ +ir
1516 17 18 19 2 21 22 23 24 1516 17 18 19 2 21 22 23 24 516 17 18 19 2 21 22 23 24

M(Zx)(GeV) M(Zr)(GeV) MER(GeV)

® Competitive number of =%(1530) candidates (192+30)
® No signal near 1862 MeV
e Upper limit on the ratio R = =", /=°(1530) ~ 0.2-0.5




Summary

ZEUS 0" candidate is predominantly produced in the forward region, nt@ >0
(towards incoming proton)

= neither A(1520) (from light-quark fragmentation) nor A_* (from c-quark
fragmentation after g—cc) has such property

Absence of the ©* signal in photoproduction data dominated by jets with
E >6-8 GeV. Small S/B ratio due to proton fragmentation origin of ©*?

= A(1520) cannot be used as a “reference” state for other experiments
= may explain non-observations of ©* in e*e- and TEVATRON

H1 did not find the ©O* peak. However H1 upper limit does not contradict to the
ZEUS observation

No NA49 PQ signal... No O* signal...

HERAII data is necessary for further studies
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A few other unexpected peaks..

I ——
PQ candidate

KS p(p)
Q%20 GeV?

'
2 155 16 165
- —Fit

. o ¥ / nelf =37 /32
___ Backgron=d = peak= 1593.3 + 1.3 MeV/

e ZEUS 9600 ( )
—— Fit
...... Gaussian

e Background
[ ARIADME MC

", width= 4.2+ 1.0MeV
o, , evenis=570+129

Combinations / 0.005 GeV
Entries / 0.010 GeV

&F=1GeV?

non well-
J G A ) established =
i st o Y
s PDG £(1580) S e

- or Z(1620) states? M,

Entries / 0.010 GeV

non well-established
PDG =(1690) state?

NA49 signal

15 16 1.7 1.8 1.9 2 21 22 23 24

M(Zx)(GeV) Stat. significance below 50 in all cases

double-peak structure? °
Evidence for PDG 2(1480) bump (*)?

No signals in ZEUS photoproduction data
® See more details in ZEUS contributed papers
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Summary of experiments

LEPS
CLAS
CLAS
SAPHIR
DIANA
ITEP
SVD
HERMES
COSY-TOF
YEREVAN
ZEUS

n— K~ (K™n)
vd — pK (K tn)
vp — aT K~ {Kn)
yp — ffg I: K*’-'r?.:i

pA* & X IHE. pﬂ
P A X’ EL—D pi
eTd — X{ fl., pi
pp — LK p)
pCai3

suppressed? No net
baryon number in initial
state?

<

consistent with \
ZEUS PHP data

isospin forbidden?
M.Karliner, H.Lipkin
hep-ph/0506084

limit is consistent
with ZEUS
observation

KtXe— Xe/(KQ p)

—s Xpt,.__hf’ P)
efp — e X (K3 p(p))

HERA-B
PHENIX

1540 + 10
1542 £ 5
1555 = 10
1540 + 6
1539 + 2
1533 £ 5
1526 £ 5
1526 £ 3
1530 £ 5
1545 + 12
522 2

=

K™ (S =41)
Ktn (S =+1)
Ktn (S =+1)
K™n (8 =+1)
Kip (5] =1)
K (|5 =1)
Kgp (S| =1)
Kip (e =1
Kip(|S|=1)
Kip (5] =1}
Kop (|8|=1)

1ot e

L-_nm-mmm--ln-r— b‘CJOC'JL‘J

: positive results

Negative results:

Te” — J/U(U(29)) —» KopK 7 & KpK™n | < 1.1 x 107" BR.
et e — §(25) — B°B® — (K3 p) < 23x107" BR.
ete” — T(49) — BB — ;g KO p <10x10*BR.|

ete” = 7 — (Kip & 5.2 % 16—~ BR.
b — X(K3 p) < 0.03 x A”

pCu— X(K3 p) < 25 % I0¥BR,
pA* — X(K2 p) < 0.02 x A
Avdu — X(K™) (not given)

q‘p — KY(K*n)

etp —e £ X ,IfxE.’ pt,.p,)"}

BES
Belle
BaBar
ALEPH
CDF
E8T1

CLAS
H1

(not given)
< 120 pb*
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