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Pentaquarks: first observation

+ In 2003 observation of a narrow resonance with flavour

exotic quantum numbers (B =+1, S = +1) by the LEPS Collaboration:
* Reaction: yn —» K'K'n
* minimal quark content: ududs — ®'(1540)
* Successively confirmed by 10 experiments

1n various reactions:

Experiment Reaction Energy Mass significance
(GeV) (MeV /c?)

LEPS 20 - KX F. r2 1540 + 10 4.60
DIANA KtXe— pK°X | Ex+ <05 1539 + 2 do
CLAS(d) ~d — pK~K™n E, <38 1542 + 5 8.2
SAPHIR vp— K°K*tn E, <2.65 1540 + 4 £ 2 4.40
CLAS(p) yp—ortK-Ktn | E,=48-55 1555 + 10 7.80
vBC vA — pK°X range 1533 £ 5 6.70
ZEUS ep — epKVX 5= 320 1522 + 1.5 1.60
HERMES ed — pKYX E. =276 1528 +£ 2.6 £ 2.1 5.20
COSY pp — LTpK! By =3 1530 +5 3.70
SVD pA — pK°X By =170 1826 +3+ 4 5.60
NA49 pp— =2 1 X E, =158 1862 £+ 2 4o
H1 ep — D* " pD*TpX | /s =320 3099 £3+ 5 5.40

Adapted from V.D.Burkert, hep-ph/0510309
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Pentaquarks: first observation

+ In 2003 first observation of a narrow resonance with flavour
exotic quantum numbers (B =+1, S = +1) by the LEPS Collaboration:
* Reaction: yn —» K'K'n

* minimal quark content: ududs — @7(1540)
* Successively confirmed by 10 experiments

1n various reactions:

Experiment Reaction Energy Mass significance
(GeV) (MeV /c?)
LEPS M2C - K-X By, 2 1540 £+ 10 4.60
DIANA KtXe —pK’X | Ex+ <05 1539 4+ 2 4o
CLAS(d) ~vd — pK~K*tn E, <338 1542 + 5 5.2
SAPHIR vp— KYKTn E, <265 1540 + 4 £ 2 4.40
CLAS(p) ypoatK-Ktn | E,=48-5.5 1555 4+ 10 7.80
vBC vA — pK2X range 15633 + 5 6.70
ZEUS ep — epKX Vs = 320 1522 £ 1.5 4.60
HERMES ed — pKX E. =276 1528 + 2.6 + 2.1 5.20
COSY pp — LTpK? B, =3 1530 +5 3.70
SVD pA — pK°X Ey, =170 1526 £3+ 3 5.60
NA49 pp—E 17X B, =158 1862 &+ 2 4o
H1 ep — D* " pD*TpX | /s =320 3099 £3+5 5.40

Adapted from V.D.Burkert, hep-ph/0510309

but also several
negative results

Group Reaction

BES ete” — J/U— 06
BaBar ete™ — Y(49) - pK'X
Belle ete” — B'BY — ppK°X
LEP ete” = 7 — pK°X
HERA-B pA — KX
SPHINX pC — K'OtX
HyperCP pCu — KX
CDF pp — KX
FOCUS vBeO — K%X
Belle 7+ 51 — KX
PHENIX Au+ Au— K nX

K. Hicks, hep-ph/0504027
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Pentaquarks: models

* Hypothetical 5 quark state: 4q q

¢ Various theoretical models:
+ Jaffe Wilczek diquark model:

PQ=q(qq) (qq)
+ Karliner Lipkin triquark model:

PQ = (qq)(qqq)

* Both models predicts
8; ® 10, for the light PQ

+ and for the heavy PQ: 6_fEB 3.

+ Chiral soliton model (Diakonov et al.)
+ Lattice QCD, ...

The ®7(1540) in
the JW model
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Representation of the PQ's

*» If the ©®"(1540) really exists — expect

LY
several other states s
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+ This talk:
®" and 2 7 at HERA
@' at HERA
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HERA: ZEUS and H1

300 =318 GeV

_—————— Main process at HERA
e”(27.6 GeV) p (820 —920 GeV)
e (k)
, , e(k)

All studies presented are done in deep
inelastic scattering (DIS): d o'

> Q2 =-q2 =-(k — k') =10 ()

=4EE'cos(0/2) > 1 GeV?2 Q" o
C
y = P.q/P.k X

=1-E'/(2QE)*(1 — cos(6/2) )

P(P) - 3
— Reconstructed from Energy E' {K_f

and angle 0 of the scattered
electron
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HERA: ZEUS and H1

Hadronic LAr Calorimeter

Final u

State L Scattered
W ' Electron

" |-Central Jet m

Halle MORD (H1)
Hall NORTH (H1)
Hall nord (H1)

Forward «Backward
Central
Silicon Tracker

Halle OST (HERMES) |
Hall EAST (HERMES)
Hall est (HERMES)

Halle WEST (HERA-E)

Hall WEST (HERA-B)

Hall ouest (HERA-B) Elektronen / Positronen
I oy /Bosit

a
Synchrotron Radiation
Rayonnement Synchrotron

lle SOD (ZEU
Hall SOUTH (ZEUS,
Hall sud (ZEUS)

: CONCRETE SHIELD

m.) :

= e

HERA I Data: 1996 — 2000
Lumi: O(100 pb™)
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Experimental search for the @

®1(1530) — pK3 — prtwT

o' (ududs)

_ N'(ududd)

y

No(ududﬁ)/,_
N: (udsdg):'\_,_,-,/':""""""' Ty N, (uduss)

\ +(udusa)
\Z: (ususg)
-1,

™

. e
= {dsdsu) = S(dsusﬁ)

\_/ =g
= °(dsusd) = "(ususd)
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0" — K’ p: KO and p selection L =121 pb’!

ZEUS
. S X 10— :
Event selection 2 1500 | l
« ZEUS 96-00
Qze > 1 GeV? § Fit
<0.95 2
Ye 21000 [ Q%> 1GeV? il
o
©
° c
K selection 5
S
pr(K%) > 0.3 GeV, n(K°%)| < 1.5 S |
N = 887k, BG: ~ 6%
0 ] oA et e el Ay At ettt T
0.46 0.48 0.5 0.52 0.54
M r) (GeV)
g_ Z 'poéiti've' chzllrge (a) ié:_ hegativé éh'arge
|
selected
s
ni
8135
08 .
1 p (Gev) p (GeV)
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L TUTQ e s _
Search for the ®" at ZEUS A" o L T
8 10001 “ﬁ 4 500: 4 *“
ZEUS Collab., PLB 591 (2004) g ok T e |k B cocan
@ i E g ]
ZEUS ,5 4oof e ZEUS 96-00 3 200;—’ e
% B L L % 200 [ ]ariaDNE MC @ - 1°Z: (b)_f
o T w0 o f= ] 5 145718 15516 e 17 145 15 155 16 165 1.7
350— —
g L KS p(p) i (&) 250:_ T T T + T T _: 1605— T T + T T T —f
o -2 2 - : +H { bk 140F } + * :
o - Q">20 GeV s e # 1 1200
~ C ] - o b : H+ !
¢ 300 “O?ﬂ as30Ge? 1 0F Q*>50 GeV?
c [ 1 80F # E
g 100 ¢ 1 eof E
B o -;
5 290 ® ZEUS 96-00 b9y e @
= — Fit 145 15 155 1.6 165 1.7 145 15 155 1.6 165 1.
o g
S r & E e Gaussian M (GEV)
"""""" Background

200

(] ARIADNE MC

— Signal only visible at larger Q2

2001
180[
160[
< ¥%/ndf=35/44 10l
peak= 1521.5 + 1.5 MeV 10[
width= 6.1+ 1.6 MeV 100l 1T
events=221+ 48 a0l 1

150

Signal for Q> > 20 GeV
S =221 +48
M = (1521.5+1.5) MeV
c=(6.1+1.6) MeV
Significance: 3.9 —4.6 ¢

100

solyff
40[f
20[4
i

50

P ERERIN I RN BTSSR NS SRR MU S
145 1.5 1.55 1.6 1.65 1.7

,lltLLﬁ"L.o:'LL|“u|||||||||||||||
1.45 1.5 1.55 1.6 1.65 1.7

M (GeV)

X-section (ZEUS prelim.)
e = Pi(M-M)P2* [1+P3(M-My)] | o(ep — e® X — e(K'p)X) = 125 £27 ¢ pb
Mth = 1’np + mn
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0" — K’ p: KO and p selection L =74 pb’! @
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045 05 055

M. [GeV]

Event selection - 12000_3)
5<Q?, <100 GeV? o I : H1
0.1 <y,<0.6 Emooo
e i « H1 data
§ sooo- —Fit
K°_selection (like ZEUS selection) = <000k
pr(K%) > 0.3 GeV, m(K)| < 1.5 - -
N = 133k, BG: ~ 3% 4000
5 .
T 2000
= B
5 L B
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Search for the ©" at H1 @

HI Collab, PLB 639 2006) _ ¢ == T
b S 250,
B 160" o No significant signal in any Q’ bin
e o 200 — extract upper limit at 95 % C.L.
g 5 150 on the X-section
8ot + H1 data c + 0
3 —bgr fit oo . H1 data o(ep — 0 X — e(K'jp)X),
40 - = . . .
20°  5.q’< 10GeV? - — bgr fit using modified Frequentist
g sl S0 - approach, based on likelihood
St /J\\f/\/\ b e ratios
20 95 % C.L. Q o f
0L TR N 0 B
14515155161651717518 |—|60:_ ¢
M(Kp(p)) [GeV] &3 40; /\M\/\/
S 40}
3 100/ 20 959 C.L. H1 can not confirm
= 160 - il lagnligagly
:22 C145 1.5 155 1.6 165 1.7 1.75 1.8 the ZEUS result
8120, M(Ksp(p)) [GeV]
-a- 100
- o i Comparison with ZEUS
40? — +36
200 10<Q’< 20 GeV? O7zEUS 125+ 27 58 pb
— Or =
et Nr N o1 (M=1.52) < 72 pb 95% C.L.
25 400
© oL extrapolate to y < 0.95:
1.45 15 155 1.6 165 1.7 175 18
MKp(p)) [GeV] o (M=1.52) <100 pb @ 95% C.L.
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Experimental search for the E™

—

———/0 ——
—_ T 7t3jE

Reminder: The NA49 Signal
Y NA49 Collab., PRL 92 (2004)
o' (ududs)

N"* (ududu) /, _ N'(ududd)

NS (udsds) 2 \, N, (uduss)

(5]
=
T

Entries/ 7.5 MeV/c?

m = 1860 MeV |
T " (udusd) L I < 18 MeV
N\ X! (ususs)

,:]3

1 1 1
14 Li L& 2

2!-! 2![‘- 2!8
M(En) [GeV/cY]
Not seen by any other experiment

2 (WAS9, ALEPH, BES, FOCUS, COMPASS, CDF,...)

= (dsusu) - E"(dsusd)
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=" — En*: Baryon selection [[ =101 pb’! @

. D DIS-selection: -
n” 2 <Q?*<100 GeV?
0.05<y<0.7

A selection:
pr>0.3 GeV

Decay length > 0.75 cm

800
700
600
500
400
300
200
100

.
]
S

+ H1 Data

= selection:

|Dca'(E)| < 2.5 mm
a<0.6rad

Entries per 3 MeV

1.26 1.28

13 132 134 136 1.38
M(A ©, A ©*) [GeV]
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Search for the ™ at H1 @

p—— + P - — i Colaboration at DESY, Notkestr.85, 0-22607 hamburg, Germany
G BT
Apart from Z(1530)Y 3 70 a) =(1530f {H1Data | 2 7b) |=(ss0y ' H1 Data
. o 600 2<Q?< 100 GeV? o 60 2<Q?< 100 GeV?
signal, no other 5 50 r
° ° ° 8 a0 8 a0
significant signal £ e
observed =t i
0 s e i s e 2 2 2 5 o W i R R X R e
M(=" ") [GeV] M(E* 1) [GeV]
=T =
- 3 70 {H1D 3 70y * H1 Dat
Extract upper limit on R(M) 2« ° e e e e
at 95% C.L., using modified 3. o
. % 30F ‘E 30-
Frequentist approach & g 5
10;— 10%
0 5716 1.7 18 1.8 2 2122 23 2.4 04579617 1.8 19 2 24 2.2 2.3 24
M(E ) [GeV] ME* ') [GeV]

N"es(M 1530, 0 =(1530)°
R(M) = A 61O, ) N =163+ 24

N(1530,0)  €(M, q) M = (1532 +2) MeV
6 =(9.4+1.5)MeV
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Limit on the =™ @

hep-ex:0704.3594 T T e T
ZEUS Collab., PL B610 (2005)

neutral comb. charged comb.
> _ > L
120 120
s +H1 Data 2 ' t H1 Data
g 100 — 2<Q?<100 GeV? :-; 100 — 2 <Q2 <100 GeV?
o i o C
S 80— 8 80
E L4 E B
* e " oe0 -
40 — 40 -
20 - 20 -
E 1 ; PN (YR (NTUR SAN N R L — 1 j L ‘
S 0.8 - Upper limits at 95 % C.L. = 0.8 - Upper limits at 95 % C.L.
0.6 0.6 -
0.4 - 0.4
0.2 02+ W
g e 0~ * ‘ ‘ ‘
1.4 1.6 1.8 2 22 24 1.4 1.6 1.8 2 22 24
M(E7", Z'n) [GeV] M(E, ") [GeV]
0.1 <R(M)<0.5 0.12 <R(M) <0.45
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Limit on the =

hep-ex:0704.3594 B s
ZEUS Collab., PL B610 (2005)

neutral comb. charged comb. all comb.
> [ > L rrreyrrrryprrrryperreryrrreyprerrfrrrrprrerryrrrryrenra
2 120 120 > DGRl iy s LRl Rt RAAKS LEiid RER _aa)
= ¢ +H1 Data 2 “ t H1 Data S50l | =us:0) - ZEUS 96-00 @ -
«© r © i o - — Fit
= 100 — 2 2<100 GeV? S = 2 2 - i
8_ ' <Q*< e ] 100 B 2<Q*< 100 GeV - \ - Background Fit ]
[7}] r (7)) - = .
2 80 2 80 .2 200} Q%1 GeV?
E . [ E i © .
© e0 “ 60 - =
i i g
- - 150} -
40 - 40 Q y2Indf=84/88
: = candidates=192+30
| [ eak=1533.3+1.0 MeV
20 20 — s :=G.Bi1.4 MeV
r § 100 [0.67
- 1j-”"‘-“““-‘-‘-ﬁ 1—‘,‘ ‘ . 95% C.L. upper
% 0.8 _ Upper limits at 95 % C.L. % 0.8 _ Upper limits at 95 % C.L. i 0.4l limiton R
0.6 - 0.6- 50|
04 - 04 L | 0.2¢ .
0.2 - 0.2 - W i NA49 signal 1
Q 0°- ‘ ‘ ‘ ‘ M AN £|,,,,|,,,,|,,,,|,,,,|,,,,'
1_4 1.6 1_8 2 2.2 2_4 1.4 1.6 1.8 2 2-2 2-4 cll plerpa iy derralag

—_— == _ 1.5 16 1.7 1.8 1.9 2 21 22 23 24
M(ET",Z") [GeV] M(E, =*n") [GeV] M(Zm)(GeV)

0.1 <R(M)<0.5 0.12 <R(M) <0.45 0.1 <R(M)<0.5
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Experimental search for the @°,

N
A

o
= (lds][ds] c) =, ([ds][us] c)

Nz —

=, ([ds][us] o)

([us][us] c)

[1]

[ ]

BARYONSO07, Seoul, 14. June 2007 Marc Del Degan



*- [
®@’. — D™ p: D** reconstruction
HI Collab., PL B588 (2004)

@n

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

ZEUS Collab., EPJ C38 (2004) L =126 b1 [ L=75pb! | 1
DIS-selection: Reconstruction of D** mesons:
Q> 1GeV’ D** —» DO x*
Q*< 100 GeV* (H1 only) )
0.05 <y <0.7 (H1) D0 — K'n*
Y09 (ZELo) DY — K'n*n*n- (ZEUS only)

Knrn* Knnrrn
1000 — — — — | | [ | [
E I ¢ | ] - (o) " Q%> 1 GeV? _ - (d) : Q*> 1 GeV? —
10 : ¢ H1 | 3000 = . 2500 — Ot —
S 800 | L, ] L N(D*) = 8680+ 130 - B ND¥)= |
o — o Kmmy 1 2500 |— ] 4830+ 120
g’ i b ] wrongchargeD | - _| 2000 — J —
2 600 ‘ B 2000 [~ o, ] - ¢ i
£ ] L — 1500
P L ) 1500 — —
i » 1000
i . 1000
200
:(a) 500 500
0 I + h h L L i ‘ r— ! | i : : ] 0 | (. | ‘ I ‘ I I 0 ‘ I | | I I
0.13 0.14 0.15 0.16 0.17 0.14 0.15 0.16 017 0.14 0.15 0.16

AM,,. [ GeV ] M(Knr) - M(Km) (GeV)  M(Knrnn,) - M(Krnm) (GeV)

BARYONSO07, Seoul, 14. June 2007 Marc Del Degan



uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

Search for the @°, @

S 40 — — — T
> [
= ; H1
o | |
T 30 e D7p+Dp .
Q - |
o - — Signal + bg. fit
8 i -- Bg. only fit
5 20} .
= =
w |
o] R,
N AL pE ¢,
3 3.2 3.4 3.6
M =3099 + 3 + 5(sys) MeV | M(Dp) [GeV ]
c=12+3 MeV
N=51+11
Significance: 54 - 6.2 ¢

Signal so far not confirmed by any other experiment!
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Search for the ©°,

ERIMENT
AT HERA

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

40 [ T T T T T T T T T T T ] \\

>
= 4
= 3
o [ o I;“ , 2800 flQ?s1Ge? —@ Q?s1GeV? -
- B = wb— B o
5 0 = TR 4 s D* — (Kmm, T D** = (Knmm)m,
o - — Signal + bg. fit 2 60 L B |
8 I --- Bg. only fit 0
s 20 . = H*
o I = Kl
B IebL '%40 | }
10 | + ) 5 SEE
i giie +'“ 20 — +
[ I T L i il
0 A T S S R S S S N S i M.
3 3.2 3.4 36 O\‘\\\‘\I\‘\\\\|II\‘\\\‘\I\

M =3099 3 = S(sys) MoV | MO'P) [ GeV ) 3 3.2 34 363 32 34 36
6=12+3 MeV M(D’p) = AM™ + M(D )y (GeV)
N=51=+11
Significance: 54 - 6.2 ¢

Acceptance corrected yield ratio (D*p) / D*,
Visible range pr>1.5GeV,-1.5<n<1.0
H1: (D*p(3100)/D*) = (1.59 + 0.33 5142 )%

COI'

ZEUS:R_ (D*p(3100)/D*) < 0.51% (@95%C.L.)

cor

Signal so far not confirmed by any other experiment!
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Conclusion

« ©'(1530):
- ZEUS sees a signal for Q2 > 20 GeV:
o(ep — e®'X — e(K’ p)X) = 125 £ 27 26 pb

> HI does not see a signal, upper limit at 95% C.L compatible
with ZEUS measurement

e =(1860):
> Not seen, neither by ZEUS nor by H1
> Upper limit at 95% C.L. on production ratio with respect to the
=(1530)0 vary from 10 to 50%
» ZEUS and H1 are compatible

*©° (3100):

- H1 sees a signal in DIS and 1n yp
> ZEUS can not confirm, upper limit on acceptance corrected
yield 1s not compatible with H1

Outlook: HERAII data should resolve the open questions
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Additional material



--/0

p— p— :I: °
= — Zn™: Baryon selection |1 =121 pb'!
DIS-selection: A selection: = selection:
Q*> 1GeV*? dE / dx for proton candidate IMiny(p,7) - ma| < 5 MeV
Ee' > 5 GeV fit to secondary vertex Dea'(E)| < 1 cm
35 <E-pz <60 GeV Decay length (L) > 1.75 cm
p y leng
1z-vertex| < 50 cm L(A) > L(E)
—— p(m) < p(A)
Sl . ZEUS 96-00 = - .
o 80— [um ]
Z el bty ] ZEUS
g ANTLERTUE =
O ql L RR IR L RRTIN R & T e e e e e
,5 :2; ++++++++ it ! NA495i+g:|al " ++’f++++ ++++++++*++++++++ ++++++ ++1 = 450 ' Z_EU‘sss-oo‘ @ 3 2450;— | ® ]
‘éng__ o, : . ‘ L 2 : : = gmof— :;‘alckground E' é ?4005 E+ .
Sw Eegr O ]
8 22; + + ++ ++++ +H' *++ | E '-Esoof— cagg;dftfssz —2%3002— cﬁ%gisditfg: —
bt TR A S Sasof. 3%
22:_ .’HI | | | l | | { | 1 ) t H’++ { TH f ++*: 200;_ _;
120— S () 1805 E
100 — [ - E ]
- g = T . _
80— |
80— {4 ]
R ****”***““*****+H**++++++*++++++++++*++++ ++++++ g B | ity T i S
20 +++ ! ; +++++++ thits *H”’%} 126 128 1.3 1.32sz4)(é.3$,) 126 128 1.3 1'32M(1K'34)((13'3€I)
— = n')(Ge n*)(Ge
128— I ‘ I —]
100 — —__ (d)
g0 = T - p— . .
ma o] | E (Em)-selection:
wf- AR L LARTARRRNE ittty :
20— AL L T T ALY ++ K Lr |minV(ATC) — m5| <6 MeV
s e 1T 18 19 2 24 22 23 24 p(m) < p(E)
M(Zn)(GeV)
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Search for the Z™ at ZEUS

ZEUS Collab., PL B610 (2005)

> IIII|IIIIIIIIIIIIIIIIIIIlIIIIIIIIIlIIIIIIIIIlIIII
S c0l | <0 . ZEUS 96-00 ()
Apart from Z(1530)Y § A = e}
signal, no other > - Background Fit I
significant signal § _— ."".' l Jl i el o]
observed £ [ , ]
.. e ! .'|| \
— extract upper limits e [ |W { i \
on R(M) 8 150__ © 0 indi-garss | i
=(1530)0 e TV
H(153O) 100 [067 95% C.L. *u er + *
N =192 +30 ! IlmltonI:I)Qp I'“l-
M = (1533 +£1) MeV o
c == (66 + 14) MeV 50__ [ 0.2¢ B
I NA49 signal |
O-II IIIIIOI-I-IIIIllllllllli|||||||||||||||I|||||||||-
O 1 < R(M) < 0 5 1.5 16 1.7 1.8 1.9 2 21 22 23 24
: : M(=r)(GeV)
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Search for new baryonic states (@ H1

N )
o 43
o o
=] o
o o

15000

Entries per 1 MeV

10000

5000

A —pr 2 —>An
800
tH1 Data o tH1Data

600
500
400
300
200
100

Entries per 3 MeV

150k reconstructed A:

m=1115.8 MeV
c~5 MeV
ct=(7.6x0.9)cm

I R
1.13

M(p,m) [GeV]

=400
4]
=350
-
300
(7]
D250
=
200
Ll
150
100

500 .
OQ

backward reco
from =" signal
region

100 14 141 142 143 114
M(p n) [GeV]

— PDG compliant

IR N 1 1 1 1 1 1 §| | 1 1 §| | 1 L | | 1 |
1.14 0 126 1.28 13 132 134 136 1.38
M(A T, A ) [GeV]

1870 reconstructed =:

m=1321.6 MeV
c~4.3 MeV
ct=(5.1£0.3)cm

BARYONSO07, Seoul, 14. June 2007

Marc Del Degan



Search for new baryonic states @ H1

Combine =~ candidates with additional
(primary vertex-fitted) track assumed to be @

neutral combinations: charged combinations:
E " and E'n En and B’
> - ~ C
21T ¢+ H1 Data L 120 t H1 Data
f 100;— | 2 < Q% < 100 GeV? % 100 2 < Q? < 100 GeV?
S go- ﬂ Lyt i & go-
8 - iy 4 I } 8 -
= 60— |- + } [ 1Tl { 'S 60:—
5 g0 f | il -' { 5 a0-
- H'H H ity + -
201 t { zo;—
095 16 0T 1.:';':?1.9 224722 23 24 055 16 1T '1.8T119 22472223 24
NA49 M(E =) [GeV] NA49 M(E ) [GeV]
Clear signal of 163 = 24 5(1530)° No significant signal
m=(1532.1 £ 1.6) MeV — no hint for the NA49
c=(9.4+1.5) MeV resonance
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Limit calculation 1

-

N

(=]
|

—

(=]

o
TTT T T
——

¢t H1 Data

2 < Q%< 100 GeV?

+ Modified frequentist approach (T.Junk)

D
(=)
T[T

+ Assumptions:
» BR(X—Em) = 100 %
+ Small width
+ Production similar to £(1530)°

Entries per 8 MeV
8
|

L
o
|

N
O

J \
e
phy 3
.
.
5
1

1516 1.7 1.8 1.9 2 21 22 23 24
M(_n"*)[GeV]

O

+ Mass-dependent upper limit for possible
E~n signal at 95 % C.L.: Ny 1.(ET resolution

+ Neutral and charged combinations for
simultaneous BG determination

+ Gaussian for the possible signal,
width from MC (mass-dependent)

+ Separate limits for neutral D —— 50— — 7505 — — 2555
and charged combinations mass [MeV]
» Normalise upper limit wrt number of A NuL(E 7))

Z(1530)° — systematics mostly cancel: R y1 (M) = N(E(1 530)0)
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Limit calculation 11

Efficiency
» Correct R"; 1 for small differences in % ::
efficiency (mass-dependent): S:T g E= v
R (M) = R 1 (M €(2(1530)") -
u.l.(M) u.l.(M) e(M, q) :—

——c(Z | M,0)
——c(En|M--)

+ Efficiency correction new wrt ICHEP06 T T I Py P

1.6 1.7 1.8 1.9 2 2.1
mass [GeV]

+ Uncertainties considered:
* Number of Z(1530)": 15% (from fit)
+ Width of signal: 5% (diff 6 (£(1530)") data-MC)
* Efficiency correction factor: 8%

+* BG: 2% (performing BG determination under different assumption)
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Search for the Z=7°(1860) pentaquark

All charge combinations, 20 < Q* < 100 GeV”

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

/10 MeV
N
Tl
C
2
C;

per 8
w b
(47 B e ]
o)
Comb

g gg it 1 i i > 40;
u 150 * | Ih nilk Iilll"""“,,wh - L{

aE f
04516 17 18 1.9 2 21 2.2 23 24 f M
M(E ) [GeV]

IVI( )(G V)
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@', — D™ p: D** selection L =126 pb’!

C
DIS-selection:
et o+
Q’ > 1GeV’ K
Ee' > 8 GeV 20000 T 000 e T T
40 < E-pZ < 65 18000 —(a) . e /EUS 95-00 _12000 B (b) D*ta(Knnn)ns_
r B i © ND9= |
|Z—VGI"[€X| <50 cm full 6o - = 5’\,?3’5 rgﬁgrdge ] - 19900 + 250 —
1 14000 — D*i—é(KT[)T[S __ 110000 — =
Samp 612000 | ee N(D™)-42680+350 _| i T . B
R tructi f D** : - S
cconstruction O mesons: 10000 |- ™,
*+ 0O+ + 8000 — ] 6000 — _
D — D T[S ’ 6000 | — i |
4000 — —
- 4000 |— — - .
DO — K T[+ and o [ | 2000 —
DO — Knntr o Hi H o
" @, asice? . - (d) a?s1Gev?
3000 — % S T —
- N(D™) = 8680 £130 N(D*) =
DIS 2500 — | s - 4830 +120 |
2000 - o, B - B B
- - 1500
1500 |— _|
ol i o] 1000
500 - | 500
0 i | [ | | I I | [ I_ 0 | I | I

M(Knr) - M(Kn) (GeV)  M(Knrnr) - M(Knnr) (GeV)
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Search for the @°, at ZEUS

ZEUS Collab., EPJ C38 (2004)

- I No significant signal in any
= 500 ~@ | D*- (Ko, | (b) #ZEUS95.00 channel, neither in DIS nor in yp
= I — backgr. fit | D** — (Knam)m, |
400 I~ - fitinterpol. " MC signal ontop |
8_ B - of interpolation 7 N o
s 300 - Acceptance corrected yield ratio
e - i % % .
S 200 " - (D*p) /D inc-
% 155 y | R, (D*p(3100)/D*) < 0.51%
@) ]

0 R A I (@95%C.L.)

%0 Q*>1GeV® ] for Q2> 1 GeV and D0 — K'n*

60

— ZEUS data not
compatible
with H1 signal

40

20

O | ‘ | | | || | | | | | || | | | | 1 |
3 3.2 3.4 3.6 3 3.2 3.4 3.6

M(D’p) = AM®* + M(D™)pp (GeV)
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Search for the @’ at H1 @

%100:— IIIIIII yle1 A1 Collaoration at DESY, Notkestr.95. 1226017 Hamburg. Germang
Signal also visible in - + D +D"p
. g— . [] wrong charge D
photoproduction g ++ + +
5 %0 i
: ? AL
25 | t
0 o S S S
3 3.2 3.4 3.6
M (D*p) [ GeV |

Acceptance corrected yield ratio (D*p) / D*,
Visible range: p > 1.5 GeV, -1.5<n < 1.0
R, (D*p(3100)/D*) = (1.59 + 0.33 *33 )%

-0.45

Visible corss section (extrapolate to full D* phase space):

6, (D*p(3100)) / 6., D* = (2.48 = 0.52 7023 )%
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The O, at H1 and FOCUS

+ The HI signal ®, — D*p:
+ ZEUS and FOCUS claimed incompatibility

= 40 — — —
> [
= H1
[=] | i
L 30 e D p+Dp ]
8— [ — Signal + bg. fit ]
8 | --  Bg. only fit
s 20 ~ r
b [ § 200 FOCUS data (shaded histogram) plus
Ll g N 435 simulated signal events (open histogram)
B 2 2
10 + 144 = 150/
I AL M L8 P 2 100f
3 3.2 3.4 3.6 = i
M(D*p) [ GeV ] @4 -
~ OMM_M
“; 60 FOCUS data (shaded histogram) plus
< 50} 435 simulated signal events (open histogram)
. e
expected signal at FOCUS 3
extrapolated from H1 6=17 MeV E
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The new CLAS experiments

> yp — K’ K'(n)

+ No Signal observed

+ Upper limit on production 1
cross section: (0.85-1.3)nb ¥
at 95% CL and m = 1.54GeV :

+ Contradicts SAPHIR experiment
by two orders of magnitude (300nb) 2 | | )

+ Implies very small coupling of ®" to NK*; U + i M V)
but in many models major source of ® production

’ vd — p K'K'(n)
+ Previous CLAS results claimed ~ 5 ¢ for ®" in the same channel
and same energy
+ New high statistics results see no hint for a ®" state!
+ Clearly contradicts the previous data
+ New fit of old data with improved BG (from new data) yields a
significance of only 3 o, previous: (5.2 £0.6) ¢

+ The new CLAS data leaves room only for a ® state with intrinsic
width of less than 0.5 MeV

oo g d BelY
i
|

P
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