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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 B

* minimal quark content: ududs — ©®(1540)

* Successively confirmed by 10 experiments
1n various reactions:

Experiment Reaction Energy Mass significance
(GeV) (MeV/c?)
LEPS 2C - KX E,~2 1540 £ 10 4.60
DIANA KtXe— pK’X | Ex+ <05 1539 + 2 4o
CLAS(d) ~d — pK~Ktn B, <338 1542 £ 5 5.2
SAPHIR vp— KVK*tn E, < 2.65 1540 £ 4 £ 2 440
CLAS(p) yp—ontTK~K*tn | E,=48-55 1555 £+ 10 7.80
vBC vA — pKUX range 1533 +£ 5 6.70
ZEUS ep — epK'X e =320 1522 £ 1.5 4.60
HERMES ed — pKYX E. =976 1528 +£ 2.6 £ 2.1 5.20
COSY pp — LTpK? By =3 1530 +5 3.70
SVD pA — pK'X By, =170 1526 +3+ 3 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 B

* minimal quark content: ududs — ©®(1540)

* Successively confirmed by 10 experiments ' but also several
o o o | .
1n various reactions: ' negative results
.
Experiment Reaction Energy Mass significance : Group Reaction
(GeV) (MeV/c?) .
LEPS 2C - K~ X E, w2 1540 + 10 4.60 ' I BES ete™ — J/U — 60
DIANA Kt Xe ﬂ»ir)fx:ng Ex+ <05 1539 + 2 4o ' | BaBar ete” — Y(48) — pKOX
SEIS{(I}I{) yd — p;{fo Ig n g < ;%2 | i;‘li ii , ff ' | Belle ete” — B'B" — ppK°X
Yp— A JATN iy < 2.65 5 - - 4o ' | LEP . 7 N
CLAS(p) | w—mtK-K+tn | E,=48-55 1555 + 10 7.80 ' TERAE c ; [TJPX,
vBC vA — pKoX range 1588 £ B 6.70 1 e pa }O pjr .
ZEUS ep — epKOX Vs = 320 1522 + 1.5 1.60 . SPHINfi pr — & (3 )j
HERMES ed — pK'X E, =276 1528 + 2.6 & 2.1 5.20 ' I—{yper(,P pCu — f})pf&
COSY pp — LHpK?© P, =3 1530 45 3.70 1| CDEF pp — 7P
SVD pA —pKX | E, =170 1526 +3 + 3 5.60 $ | FOCUS vBeO — KpX
NA49 pp—2 7 X | E, =158 1862 + 2 1o 1 | Belle T+ St — K%X
H1 ep — D " pD* T pX | /s = 320 3099 £3 £ 5 540 ' | PHENIX Au+ Au — K—aX
|
Adapted from V.D.Burkert, hep-ph/0510309 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) (q9)
+ 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 ef al.)
+ Lattice QCD, ...

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

* If the ©®"(1540) really exists — expect
several other states

Y

@ (ududs)

* Other possible pentaquark candidates:

N’ (ududu) N'(ududd)

e — — /()
L 4
=" seen only by N udsde) ) o () Nuduss)

NA49 1n the decay channel Z nt

+ STAR Collab. has seen
a possible candidate for

the N% in the decay
channel K’;A

\ ¥ +(udusa)
\_ X! (ususs)

15

N\ ®

s — KJLO —_t —5
E (dsusu) 2 dsusd) E (ususd
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Remarks on the PQ signals =™
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+ FOCUS and COMPASS experiment close to kinematics of NA49
—No signal observed
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HERA and H1

Hadronic LAr Calorimeter
Final

State I - Scattered
300 - 318 GGV _ ---Electron

| —— s I opuard cn:tra-i;:re(tsdc |
+/— — :'27.5 GeV elect;jﬁgﬁ#‘_ﬁiz eV protons
e’ (27.6 GeV) p(820—920 GeV) i electy /

el || A
S-S _ ——

Forward «Backward
: Central
d Silicon Tracker

Halle NORD (H1)
Hall NORTH (H1)
Hall nord (H1)

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

Halle WEST (HERA-BE)
Hal WEST (HERA-B)
ooooo (HERA-B) Elektronen [ Positronen

i

HERA I Data: 1996 — 2000 |

Halle SUD (ZEUS)

Hall SOUTH (ZEUS)
Hall sud rZEUS
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ERIMENT

Search for new baryonic states (@ H1 @}

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

DIS-selection:
Scat. e in SpaCal

Reconstruction of full
decay chain:

2 <Q>< 100 GeV? ——
0.05<y<0.7 . D = = T3
E¢' > 8 GeV _ | : AT[ —
35 <E-pz <70 GeV n | 2
TV, > P
& 50— =Ty

) 3-dim vertex fit

PV =
T 3
Particle | Mass [GeV] | Decay | BR [%] Lifetime [cm]
A 1.116 pm 63.9 7.9
= 1.321 AT 99.9 4.9
2(1530)" 1.532 = 100 0
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Search for new baryonic states (@ H1

A — pm = — A

B - > 800F ;
= 25000 *H1 Data 2 .- tH1 Data
- r o -
G 20000 5 600
o - o C
" - - 500
2 15000 — L 400-
-E - = -
W 10000 5 300-

- 200

5000 -
p 100;

I L1 Lo Lo AR I T U N T T T R N Lo Lo | §| | L §| TR R R A R R N
0900 14 111 112 113 114 092 128 13 132 134 1.36 1.38
M(p,n) [GeV] M(A T, A *) [GeV]

2100 backward reco
150k reconstructed A;: oo roon et 1870 reconstructed =7
m=1115.8 MeV S m = 1321.6 MeV
6 ~5MeV oo o~ 4.3 MeV
ct=(7.6x0.9)cm P v NN TR TO i) ct=(5.1£0.3)cm
1.09 1.1 1.11 1.12 I\l"ll(:'_)ggt) [1G‘||;{I]
— PDG compliant

Spring School, Frascati, 14.-18. May 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 g ﬂ T, i S gor
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.{;'}.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 S 120 t H1 Data

: : © 1001 2 < Q2 < 100 GeV?
* Moditfied frequentist approach (T.Junk) & ok } )
7] B
+ Assumptions: £ 60
» BR(X—Em) =100 % G 400

40
> Small width 2ok
+ Production similar to £(1530)°

15776 17 18 19 2 21 22 23 24

+ Mass-dependent upper limit for possible ME ) [GeV]

Z - signal at 95 % C.L.: Ny 1 (E resolution

+ Normalise upper limit wrt number of
E(1530)" — systematics mostly cancel

+ Correct for small differences in
efficiency (mass-dependent):

T R
2200

NoL(E ) e(E1530)) | ° ™ ™ = 2=
N(E(1530)") €M, q)

Ryl (M) =
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Invariant (=7) mass and limit-results

120 [
100 |

80 -

Entries per 8 MeV

60 -

20

40 - ¢

+ H1 Data

2<Q?%< 100 GeV?

0.8
0.6 -
0.4
0.2

R(M)

17\I\

ot
1.4

1.6 1.8 2 2.2 24
M(Z7" =) [GeV]

Neutral combinations:
0.1 <Ry <0.5

Ry.1(1860) = 0.3
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Entries per 8 MeV

R(M)

120 -
100 —
80 —

60 —

20 —

40 — J

+ H1 Data

2<Q?< 100 GeV?

0.8 -
0.6 -
0.4
0.2

1_||\

of
1.4

1.6 1.8 2 2.2 24
M= ,Z'1") [GeV]

Charged combinations:
0.1 <Ry1. <045

Ry 1.(1860) = 0.15
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Conclusion

* The mvariant mass spectrum =rn was studied using DIS
data recorded with the H1 detector at HERA

* In spite of similar statistics as NA49, their signal could
not be confirmed at H1

* Upper limits at 95 % C.L. were set on the ratio of new,
narrow baryonic states to the well established Z(1530)°:

0.1 <Ry (M) <0.5

* Stmilar limits were derived from the ZEUS experiment

* To be published soon
(available at arXiv:0704.3594)
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Additional material



Search for the Z=7°(1860) pentaquark

? 700
= -
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M(Z" *) [GeV]



Search for the Z=7°(1860) pentaquark

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

45
40
35
30
25
20
15
10

¢t H1 Data

H 20 < Q% < 100 GeV?

|
." ||| ' " |||| | |‘.
:' | \h | 1 f II i | HI

_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 1.5 16 1.7 1.8 1.9 2 21 22 23 24

M(=Z n) [GeV]

Entries per 8 MeV




Situation at H1 and ZEUS: ®"(1540)

Entries / 5 MeV

40

20

oy [pb]

145 15 155 16165 17175 18

H1

100
80 |-

60 -

20 < Q° < 100 GeV/?

- H1 data
—bgr fit

_95%CL

M(K:p(P)) [GeV]

Combinations / 0.005 GeV

350

300

250

200

150

100
50|

0_1ILLL|_L_-,.LLL1J|||||\||[\||||_

ZEUS

B | ‘ I l | L | T 17 | I |
- K2 p(p)
- Q%20 GeV?

T

® ZEUS 96-00
— Fit
------ Gaussian

wwene Background
[_J ARIADNE MC

2000
180
1601
A 4?2 I ndf=35/44 140
peak=1521.5 + 1.5 MeV 120/ |4
width= 6.1 1.6 MeV g0 F i
events=221+ 48 sol T
sol '

145 15 155 16 165 17

1.45 1.5 1.55 1.6 1.65 1.7
M (GeV)

— “controversal”




Situation at H1 and ZEUS: O,

Entries per 10 MeV

40

30 |
20 |

10 |

H1

e ZEUS 1995-2000, D*~ — (Kn)mg

0% GeVE, H1 selection criteria

wrong charge (Km)r,
D** MC

L S 45 e
B % [0} 40 ;_ (a)
" O.(ududc) - Dp? H1 § o5
: e D p+D'P _ 2 ;g :
—  Signal + bg. fit ] S 20k
-- Bg. only fit = 3
g 10F
: i S sE
+ l > "+- "SI X - %
3 3.2 3.4 3.6 X
m= (3099 +3 +5)MeV M(Dp)[GeV] 022 L

c=(12% 3)MeV
Ng=50.6+11.2

Np =45-51(+20)
Significance: 5.4 - 6.2 ¢

3.1 32 33 34 35 36
M(D'p) = AM™ + M(D ") (GeV)

— controversal!




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
5 20} ~ B )
b [ = 200f FOCUS data (shaded histogram) plus
Ll % N 435 simulated signal events (open histogram)
0} 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
£ 435 simulated signal events (open histogram)

expected signal at FOCUS
extrapolated from H1 6=17 MeV

Events / 5 MeV/c’
[@p]
[
\

M(D"p) GeV/c?



The new CLAS experiments

> vp — 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

B

|
e B




The BaBar experiment

» e+Be—pK' +X

+ Energy of electron: ~ 9 GeV
+ No Signal observed
+ Can be compared with HERMES data (quasi real photoproduction)
+ Potential loss of acceptance at HERMES for small masses
+ Peak could be result of acceptance rising up just

below ®" mass

el ek ane {T1MYE )
L |

|-HEF:ME5--a"I'- 1171 108 Gad -3
o Ba 2271704 =T | -

+EoEor

= [P ':llll:cll



Limit calculation 11

» Correct R", | for small differencesin &

efficiency (mass-dependent):
€(E(1530)")
€M, @)

RulM) =R y1.(M) °

+ Uncertainties considered:

* Number of Z(1530)°: 15% (from fit

Efficiency

-l'Cr

: =5

——c(Z | M,0)
——c(En|M--)

1.6 1.7 1.8 1.9 2 2.1
mass [GeV]

» Width of signal: 5% (diff 6 (£(1530)") data-MC)

* Efficiency correction factor: 8%

* BG: 2% (performing BG determination under different assumption)



