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e Introduction

e Strange pentaquarks: O1, =
e Charmed pentaquark: ©.

e Summary
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Very recent ©71 results:
CLAS (vp): negative
LEPS (vn(d)): positive
Also evidence for:
NA49: 27~ (ddssu)
H1: O, (uuddc)

PENTAQUARK
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©1t— pK3 = lower mass
Fixed target: pq’s use valence quarks
High energy: pq’s via fragmentation
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HERA: eTp — ¢'X
Vs = 300 (318) GeV N

fragmentation

Q?= —q?*: photon virtuality

o Q% > 1 GeVZ: DIS

> require scattered electron

o Q? < 1 GeV?: ~-production

W = ~ % p energy

Baryons via fragmentation
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ZEUS H1

e Tracking = vertex finding, momentum measurement, particle ID

o Calorimetry = energy measurement
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® HERA I (96-00) = 121 pb~1,
® "= Klp (67— K3p)

® K2 Selection

o pr(Kg) > 0.3 GeV, [n(K2)| < 1.5

> Candidates: ~ 870K

Combinations / 0.002

Q? > 1 GeV?

1000

Background: < 6%

® Protons identified by ionization energy loss

il

* ZEUS 96-00
Fit

Q%> 1GeV? _

I----I---I---r---l---l ------

0.5 | 0.52 | 0.54
M(1T 17) (GeV)

Peak: 498.12 4+ 0.01 MeV
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pr(©®T) > 0.5 GeV , |(®1)| < 1.5 ZEUS
> _I | T 1T 1 | T T 1 | 1T T T | T T T [T 1 I_
® O Signal = Q? > 20 GeV? S .+ _ i
S 2 n 300 K< p(p) 7
S - ]
o - Q7>20 GeV i
e M:1521.5 4+ 1.5(st)ﬁ:§(sy) MeV > 300 -
c
®o0:6.1+1.5 MeV .%
I'=8 +£4 MeV S e
O ® ZEUS 96-00
g —— Fit
------ Gaussian
o - deF Background

® Fit: 3P background + 2 G signal 200

[ ARIADNE MC

>~ 4.6 o 200)- i

> x?/ndf = 35/44 150 o -

. . < x®/ndf =35/ 44 140[- ]

> single Gaussian fit = Deake 15215 £ 15 MeV. 10| ]

worse x2/ndf, peak robust 100 width=" 6.1+ 1.6 MeV 50 _

events=221 + 48 sol ¢ n

60: :

® ©: 96 £ 34 events — 2.8 ¢ 50/ o —

> if Kop interpreted as ©" then ‘ - ]
Kgf) = (:)_(antipentaQ[uark)? 0 Co i AU AN AR AN AR

1.45 15 1.55 16 1.65 17

M (GeV)
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® Determine cross section using MC = ¥ forced to be O™
— o(ep — e®@TX — K%X) = 125 £ 27(sy)5s(st) pb
® ©F/ A(1116) cross-section ratio = 4.2 4+ 0.9(sy) 5 2(st) %

ZEUS ZEUS

~ 300 TT | T T TT | T T TT | T T TT | T T TT | T T TT | T T TT TT 0-16 TT | T T TT | T T TT | T T TT | T T TT | T T TT | T T TT T
o) - . - - 4
Q i ] < I ]
- - e ZEUS (prel.) 96-00 . © 0.14f e ZEUS (prel.) 96-00 7
o - . ~ . — —
X i i o o i
n i 0.04<y < 0.95 ) X 0121 0.04<y < 0.95 ]
© 200+ P, >0.5 GeV - g I P, >0.5 GeV ]
o i i O 01 -
i Inl<1.5 ] 5 i In|<1.5 ]
1501 ] 0.08|- -
e ] i ¢
I i 0.06- ) -
100+ — i ]
i 1 | 0.04] -
50/ _ i i
O_I 1 | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | 1 I_ _I 1 | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | 1 I_

20 25 30 35 40 45 50 20 25 30 35 40 45 50

2 2 2 2

Qmin (GeV ) Qmin (Gev )

QCDO05 7 Montpellier, July 2005



Amita Raval Penn State University

® Investigate ©* in different regions of detector (n)
® Compare O©F properties to that of A(1520)

ZEUS ZEUS
> O 220F T T T T i — L L B L L LA BRI BRI B
(0] F£,,0 — 3 L .
(O] 200 ?(S (p + p)v nLab)O + —; (%5‘ 3400 K+E+ K™ p, nLab>0 ]
3 180 o220 Gev? ++ + +§ 10 .
g 160 £ 3 S 3200 ® ZEUS (prel.) 96-00 —
=2 E S —Fi i
& 140 1 A + ++ ! % - i Fit ]
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§ 100 - ° 'ZZEUS (prel.) 96-00 E g Ja00 i , ] E
s  8oFE — E 2 T Q°>1GeV 7
c e L Background 3 S N ]
S O0F S e nar=se/as E O 2600~ X'/ndf=39/30 t *
O  a0f #¥ %egk; 1517.4 + 1.8 MeV = C p‘?g:‘; 15%552-9+100é8MM3V : ¢4
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20 ¢ events=195 + 42 a) = 2400 |~  events=1337 + 151 + +
0 c. o e by 1 o b e b b b e b e by b by
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40 ) _ - 1800 X%/ ndf =28/ 30 + =
E / ndf =65 / 50 ] 3
N )éeakz 1521.5 MeV (fixed) = F peak=1517.6 £ 0.7 MeV
20 — width=" 6.1 MeV (fixed) b) - 1700 |~  width= 6.2 £0.7 MeV
r events=22 + 23 ] r events=1246 + 127 + ]
Cooov 0 b e e e e 1T 1600 B v 1w v v b v e e e e
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M (GeV) M (GeV)

Message: ©" produced in forward region of detector!
Asymmetry not seen for A(1520) = does ©% production need proton remnant?
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e HERA 1 (96-00) = 75 pb~1
0 5< Q% < 100 GeV?

® K(S’ selection % 120001 ¢ —(data
o pr(K2) > 0.3 GeV > i
0 1.5 < n(KQ) < 1.5 &N 10000}
0 Kg candidates: 140K Z -
8000
6000
4000/
2000

I|I
0.5

0.54 0.56 0.58
M {GeV]

1 1 1 III|II | | |
42 0.44 0.46

1 | 1 1 | 1
0.48 0.52

® Proton ID by ionization energy loss
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o pr(K%) > 0.3 GeV

5< Q’< 10 GeV?
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e No significant signal in region of interest: 1.52 - 1.54 GeV
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10

Montpellier, July 2005



Amita Raval Penn State University

H1 preliminary

—— int. window =+ 10 MeV H1 prel.
P 1 int. window =+ 16 MeV

L =
a
o

=
o
o

Nu.l.(@+ - K(s)p)
BR*AxL

[0}
(=}

® Uu.l(@+ - Kop):

o, (8"->K (p))[pb]

A O
o O

95 % C.L. 5<Q°<10 GeV?

N
(=}

® different fluctuations in Q? bins
at different masses ...

® o,1(ep — e®TX — K% (p)X)
~ 40 - 120 pb

120

100

80

60

oy, (8"->K(p))[pb]

® searched in Kgp & K(S)f) channels 20
— conclusion same!

10<Q%<20 GeV?

20<Q%<100 GeV?
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® Similar selection to ZEUS

] ) ) ) < 100[-
o kinematics: 20 < Q°< 100 GeV D s J
o proton ID = low p protons UE) 90 ‘ ‘ ‘ ‘
R SR AT
o At M = 1.522 GeV 70~ ‘ ‘
> ouL(ep — 0O7X — K'pX) o T [H filh
~ 100 pb -
p " 1 H
® Not in contradiction with ZEUS! oF 1 dat
30[} - oL e
low momentum dE/dx selection | H1 prellmlnary o bgr fit
glGOf—._. int. window =+ 10 MeV 20||||||||||||||||||||||||||||||||||
= 140F beeeeeees ' int. window = + 16 MeV H1 prel. 145 15 155 16 165 1.7 175 1.8
IQ- - "‘
S 1201 N . 0
% 100F- M(Ksp)[GeV]
o 80F
Zeo AN\ Vi S e\ Y T
© 40k
20F. 95 % C.L. 20<Q°<100 GeV?
E | | | | | | | | | | | | | | | | | | | | | | | |
Ps5 1.5 1.55 1.6 165 17
M(Kep(P))[GeV]
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NA49 analysis repeated

® 96-00 data — 105 pb~!

= i
.b—l — = 71'

— AT — pr W

® high statistics, low bground
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1603— « ZEUS (prel.) 96-00 _f
1403— - _f ® NO =7~ signal!
120 Q%1 GeV? - ® Clean E;,(1530) signal
100F- 4 = N(:——)/N(H (1530)) < 0.29 at 95%
&L w =

E candidates=162+34 }’H [M MWH E P L k t dff t k t .
60 | peak=15335:1.4 Mev ﬂ di = ooking at different kinematic regions ...
40 :_ 0=7.6£2.4 MeV MW}M #Hw =
20 f_ anticipated NA49 signal + Mi# M
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©. — D*p —» KFn*nFp

® 96-00 data —> 75 pb~!
01 < Q%< 100 GeV?2

> 40 O T e
e D*: Am(D*) = m(Knng) — m(Kmn) S ; H1
> 3400 D* events C:') 30 I e D*p+D*'p N
8— ! — Signal + bg. fit |
$ - Bg. only fit
® O, m(D*p) = m(Knmsp) — m(Knmg) =S -
L]

+Mppe(D*) 20**. * * | %

o Signal + Bground fit: 10

' nwi = -
> M=3099 +3(sy) £5(st) MeV + ++ ¢ + ' ' +
> o0=12 3 MeV 0 3 - 3.2 H‘ 3.4 T 3.6
> Np= 45.0 £ 2.8, N;= 50.6 = 11.2 M(D*p) [ GeV ]

® R...(D*p/D*) = 1.59 % 0.33(st) 033 (sy) %
> pr(D*p) > 1.5 GeV, —1.5 < n(D*p) < 1.0
> pr(D*) > 1.5 GeV, —1.5 < n(D*) < 1.0, 2(D*) > 0.2
QCDO05 14 Montpellier, July 2005
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® Investigate O, in different regions of detector (n)

® Investigate O, in terms of momentum fraction from parent charm quark (Xgps)

~ 0.08 o
e e H1 Prel B o
= oo S
Q 006 ...... RAPGAP Q 0157 ------ RAPGAP
S o
3 o
— L S B
2 e
£ 0.04 ‘ = ol
=) t | S
b I T ) ---------- b
0.02 . 0050 L T -------
———
| 1
mém
\ \ \ \ 0 L .
151 05 0o 05 1 0 02 04 06 08
! (D*) Xobs (D*)

Message: D*p production is different from charm production
D*’s from D*p production are different from inclusive D*’s!

QCDO5
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®O. —» D'p —» Knngp and O, — D*p — Kannwap

® 95-00 data —> 126 pb1 ZEUS
o Photoproduction and DIS g 500 (2 | D% - (ki - (B) + ZEUS 9500 T
. Fa0 || Thmen oo
® D*: mass difference method o - - [ andMCsignal -
> 62,600 D*’s (13,500 in DIS alone) £ % /f B B
> if 1% D*’s from ©. — 626 ©.’s! E 200 = T
§ L 7’#
® O, NO SIGNAL! 0 |- ]
o 1% signal ruled out! 80 —(c) @) @*s>1Gev?
. i i D** — (Kromry,
® Upper limit at 95% CL: 60 - _
> Reor < 0.59% (K27, DIS sample) - ' §
> Reor < 0.37% (K27 & K4, full sample) 0T M ﬁ i
20 11 -
® Incompatible with H1 result ... R

O |

\

3 32 34 363 32 34 36
O+

M(D"p) = AM®* + M(D™), . (GeV)
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® Default selection ZEUS
o K27 and K47
0-1.6 < n(D*) < 1.6
o pr(D*) > 1.35 GeV (for K27)

SN
o1
T

T T ‘ T T T ‘ T T 7 ‘ T T 7 ‘ T T 7 ‘ T T T T ‘ T T T
(8) o ZEUS 1995-2000, D** - (KT
Q? > 1 GeV?, H1 selection criteria

D wrong charge (KTt
D* MC

w w b
o o1 O

Combinations per 10 MeV
N
ol

o electron inelasticity: y < 0.95 20 {

s AT ahioa

® “H1 selection” = all cuts tighter 50 * * m +++* H
o K27 only 48++
o-1.5 < n(D*) < 1.0 a5 £ (B Q%<1 GeV? H1 selection criteria E
® For DIS 30 - | -
o pr(D*) > 1.5 GeV ” m ! ] \ \ | H
00.05 <y<0.7 15 { { Bl '| }N
® For Photoproduction 10+, * * \ + l " ﬂ E

o pr(D*) > 2.0 GeV i
29 3 31 32 33 34 35 36

©002<y<0.8

M(D =AMeXt+MDB+ GeV
o ... other minor changes (Op) (D™ )pps (GeV)

NO SIGNAL!
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e ©"— K2p
o ZEUS sees a narrow state at ~ 1522 MeV for Q? > 20 GeV?
o ©®T seems to be produced in the forward region of detector
o ®1F/ A cross-section ratio = 4.2 £ 0.9(sy)T{2(st) %

o H1 does not observe a signal but ...
—> UL on cross section is not in contradiction with ZEUS result!

- =)
. d — |_|7T

o Zeus does not see a signal but ...

o probing a different kinematic region to NA49

e ®. — D'p
o H1 observes a narrow state at ~ 3099 MeV
0 Reor(D*p/D*) = 1.59 + 0.33(st) 033 (sy) %
o ZEUS does not confirm this signal = R, < 0.37%

® In general, the pentaquark situation is unclear ...
— We are already looking into HERA II data!
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(anti)proton selection = define ionization band in dE/dx

] ZEUS
g " e e resolution for minimum ion-
% 5| (8) D* = (Knx, izing particles: ~ 9%
E i M(D*p) < 3.6 GeV
B e Strange pentaquark
5| dE/dx > 1.15 mips
P P(p) < 1.5 GeV
0 ~ 60% proton purity
B = (b) D* — (Knrmjx,
5 | M{D*p) < 3.6 GeV
4 e Charmed pentaquark
3 | use x? probability of proton
il I, > 0.15 =
;_ _ A(l, > 0.15) = 85.0 £ 0.1%
107" 1 10
P (GeV)
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® NO =7~ signal!
® Clean E},(1530) signal —> N(E77)/N(&;,(1530)) < 0.29 at 95% CL

4 channels combined 4 channels separated
ZEUS
Br———7 7 7T T T T T T ] ZEUS
- — >
- « ZEUS (prel.) 96-00 ]  E '
1601 S (prel) . = 60F- . ZEUS (prel.) 96- 00 —-
140~ — N~ 40— s g
- - ~TE i HHHiHHh* bt by
- - =t ++* R LA
120:_ Q2>1 G eVZ _: § 285 f * 1 ” HH +H{H ++Q +* {* m ++0H *,#.’}*{’ “m’f”m’ ’““Q’ m’m t N f”‘j"‘f”"” b
100:_ = E eof— ant|C|pated NA49 S|gnal =TTt _f
- | ] S W d e d - =
woE H b{ i = 285 # it bl **H*H*ﬂ #*H*“*++*++ H+** AT TVPIY E
- candidates=162+34 ﬁ w W } i . E_ ’4.* . bt #t duﬂw Yy H““W* ittt **» &,fm*,."m" o M i ,,’T;—ﬁ
60:— peak=1533.5£1.4 MeV } } M dl wwh‘ = 6?): ¢ H — S &
T H W* j Mww 4 N N VT =T
= anticipated NA49 signal = }H }*}ﬂ}”{ #H“{**HH* *HHHHH#*M H -
20 P ¢ 9 Py #}%W@ 285_ f {Mit H+H+,, *H*****HH*M*’”*H,*m*m**“"»’;’m“”.*“*o,f*,uj W, 4..~*.4.«.o_5!
0_ Il | Il Il Il | Il Il | Il Il Il | Il Il Il | Il Il | Il | ] 60: . . . * -
1.4 1.6 1.8 2 2.2 2.4 26 — =7_4 —
M= Tt)(GeV) 10F- - Tt E
- {H* b Wbt =
= AN RN | E
20E H bt HHH Pt *+++++ # +m"* Hly ! jw +mh“+ +m+“¢ hy o A T
0 1.6 18 2 2.2 2.4 2.6 2.8
M(=m)(GeV)

="~ produced in forward region?
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D* decay (Km)s (Kmmrm)ms Both
channel channels
Full data sample
N window 1710 914
Npacker 1678 + 23 919 + 19
N(D*) 42680 £+ 350 | 19900 £ 250
R(6Y — D*p/D*) < 0.29% < 0.33% |<0.23%
R*(@? — D*p/D*)| < 0.47% < 0.50% | < 0.37%
f(c — 0Y) . Beo_pp| < 0.18% < 0.33% | < 0.16%
DIS with Q2 > 1 GeV?
N window 252 220
Npacker 252.8 + 9.2 | 219.8 =+ 8.8
N(D*) 8680 + 130 | 4830 & 120
R(6Y — D*p/D*) < 0.41% < 0.69% | < 0.35%
R*(@? — D*p/D*)| < 0.59% < 1.06% | < 0.51%
f(c — 0Y) . Beo_pp| < 0.20% < 0.56% | < 0.19%
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