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OUTLINE:

Introduction
Search for the glueball in the K ° K " final state

Search for the Strange Pentaquark ®"

Search for the Exotic baryon in the channels =n
Search for the Charm Pentaquark decaying to Dp
Summary
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P(820:920 Gev')/ l e*(27.6 GeV)

ep kinematics :

energy c.m. : Vs =301-319 GeV
hadronic energy : W=m(y*p)

photon virtuality : Q*= -g?
inelasticity Ly = Qz/(xBj S)

two regimes : Q2 = 0 GeV” : Photoproduction
Q° >1GeV”® : Electroproduction (DIS)
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KSO KS0 - resonances

(

ZEUS HERA-I data (121 pb™)
DIS (Q*> 1 GeV?)

J

866800 £ 1000 inclusive KSO is used for:
« Glueball search (events with 2 K °)

 Strange pentaquark search
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f' (1525) well seen.

Fit: m = 1537f?g MeV
=502 MeV
PDG: m = 1525+ 5 MeV

['=76+10 MeV

" Candidate for glueball f :

Fit : m = 1726+7 MeV
['= 3822 MeV
PDG: m=1714 £ 5 MeV

[ =140+ 10 MeV
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[ Search for the pentaquark ]

ZEUS

% | I I F 1 | L | T | L LB ]
O 350l K0 mim n
Q%> 20 GeV? 0 >l Ksp(p) + :
. ) =] ; .
Fit : background + two Gaussians S [ Q>20GeV* & 1 ]
x2/ndf = 35/44 s =t " f TR
Statistical significance(from fit): i if
(221:&48) 460 :E L 5 . Zeusen N
Mass: 1521.5 £ 1.5 (stat)"*>(sys) MeV § B3 B — aiinis ]
il s Background 1
Gaussian width : 6.1 £ 1.5 MeV Ll ) ARMDNEMC
(Breit-Wigner fit gives width : 8 + 4 MeV) . 200 j
convoluted with gaussian-resolution of 2 MeV 150 :: =
L [ d %/ ndf=35/44 1400 _
g peak=1521.5+ 1.5 MeV 19| 1
1I:I|:I—' width= 6.1+ 1.6 MeV 00| =
inset : K "-proton and K "-antiproton R ]
*Signal is seen in both charges i’ | §
0 . . N __-":' g 5 . T T - T A
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. . 1.45 1.5 1.55 1.6 1.65 1.7
ofirst observation of antipentaquark? M (GeV)
ety -z éﬁﬁﬁﬂ-’lﬁ 0 O NI —
— == D.Ozerov Spectroscopy in ep collisions at HERA PALAISEAL (FAANCS LI October

1 25-29.2004



ZEUS
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Q. (GeV?)

O*cross section in the visible range :

Q>>20 GeV?,0.04 <y <0.95
P (0% > 0.5 GeV,[n(0%)| < 1.5

o(ep - e®°X — eK °pX) =
=125 +27°2) pb
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Q2. (GeV?)

Rate compared to A (- pmn) :
=0(0" > K°p)/o(A ~ pn)
420972 %

protons for A were selected
in the same way (same
momentum region) as for ®
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3 e Search for the double strange pentaquarks
e Q1Gev =, ¥~ E"n (observed by NA49)
W o
o S *MMW@ 2 (+c.c. ) 2600 candldates
94 96 13 2 22 24 M(:I)(GBV} %amu-— ;;liusl[prul}sﬂ oo E
:3“:— ==+ Background I' =
o F
l_‘5(] o= T = candidates : 1!
l, 250[- 1361+ 46 -
_ {1 A(+c.c.) ~130000
> A'm ; ; ( )
Decay chain: l G TR ey
. ] - '~ ® ZEUS (prel) 88-00 .
—> p TC- mu__ c __Ewuuu__:;l;ckgmund :
. candidates : 5
12”“; 69113+ 373 ‘E

1.26 1.28 1.3 1.32 134 1.36
M{ A} GeV)

fics o) MV Bl o . e Y T Y

Different production mechanism ? e T e e
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[Search for the charmed pentaquark (with the decay ©® — Dp (+c.c.) ))

H1 searchin DIS: 1<Q*<100 GeV?

75 pb™ 0.05<y<0.7
Proton identification
%k -
D" - D'n" > (Kn')n' by dE/dx
E 1000 + £
o . H1 =
:— 800 o Kin™m> ﬁ
g + wrong charge D %
2 600
(= ¢ s
5 .. ~3500D
400
¢
&
200
0 0 - - - -
0.13 0.14 0.15 0.16 0.17 e : -
AM,. [ GeV ] p[GeV]
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% 40 7 T T T T T T T T T % W T T T r T T T ; T T T
= IDIS(Q*>1GeV}) Hi1 = 100p yp  H1
5 30f 8 Bgaity T [ e Dp+D“p
g. i wrong CiﬂfE‘F D g.. 75 h'" + |:| wrong charge D
: {
5 5
| 1 L L I s 1 L L L |
3 3.2 34 3.6 3 32 3.4 36
M(D*p) [ GeV ] M (D*p) [ GeV ]

reasonable description by sum of :
 “wrong charge D” (non charm induced background)
e D’ combined with random p (MC)
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Entries per 10 MeV

40 ————— —
: @ . D*p+DFD | [Signiﬁcance estimation]
B — Signal + bg. fit |
s S - 5. only 1t | DIS sample
201 { | + + 1 Fit: Gaussian + power law bkgr.
10 + + T Vogeiyg Lo + H 1 Mass : 3099 + 3(stat) = 5(sys) MeV
? + ++ } +++ T Width: 12 + 3 MeV
0 — :; — 31 - — 31 2 — 3.6 . gconsistent with experimental resolution)
NS =50.6£11.2
(N, £ N )=95

Poisson probability (4x10®) for flat background (51.7 + 2.7 events)
to fluctuate to 95 events corresponds to 5.4 o

From the change in the maximum log-likelihoods of fits
(w and w/o signal hypothesis) statistical significance is 6.2 ¢
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[Search for the charmed pentaquark with ZEUS data sample

1995-2000 data (126 pb™)

Two D* decay channels:
D" -»D'n” - (Kn')n® D" ->D'n’ - (Kn'n'm)n’

i (C) OF > 1 GeV*® = (d) Q% > 1 GeV®
3000 — *+ ~ Bl 4 Bl
. N{D* = 8680 + 130 N(D*) =
2500 | i 4830 + 120
2000 (—
*e
2000 — ., o
2 1500 * . .
— N(D") ~ 62500 (inclusive)
N(D") ~ 13500 (Q*> > 1 GeV?)
1000
_— 500
D 1 | | S N | i | I D
0.14 0.15 0.16 D17 0.14 0.15 0.16

M(Km) - M(Kn) (GeV)  M(Kmmmn,) - M(Kmm) (GeV)
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Combinations par 10 MeaW

ZEUS | ZEUS

~ 300 A
3 i) e * - (Knnn)n
e ZEUSWHEEDDD 1 2 ”Ifuwgﬂz:””ht’ R,
(H’I[]'][E %- B [RE-3ICN CombInanons
400 "I_|i|'iE-SigI'1 combinations T
bthyg # . S
200 e ﬂ’*ﬂ Mt t it 4y ;5 100
g
0 : . i 0
100 - (2] o ZEUS 1995-2000, 0% > 1 GeV? . 6o B 0%>10eV -
' [:}{_11]1[5 | 50 |
£ g ||k&5lgn combinations 40 HH | H WH .
50 o || [ }{NH
it b U |
+ LR {H+ 20 A ! . } || *
25 I -||I f
10
0L 0
29 2 3 34 15 3 29 i 31 32 33 34 A5 36

M(D'p) = AM™ + M(D") .o (GeV)

M(D p) : am“‘ FMD"), (Gev)

( No hint for the signal observed by H1 at 3099 MeV )

E:E:R‘—'@NS
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ZEUS

T 1T | T 1T | T 1T | T 1T | T 1T | T 1T | T 1T
(a) o ZEUS 1995-2000, D* — (Km)m,
Q° > 1 GeV?, H1 selection criteria

Comparison of H1 and ZEUS
in similar phase space region

wrong charge (Krn)r_
D* MC

ZEUS didn't observe © signal
in a data sample 1.7 times of
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Combinations per 10 MeV
]
N
|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

10 ," M i H1 data sample.
- 48‘!!!!I!!!IH‘!!!]!!‘!!!I!!!!!‘!!!l!!‘!!{!!‘!! Observation of ZEUS and H1
= eHiy . p-p+D~p | arenotcompatible
T sof — ERPNEROT -
S 20|
E _
10 |-
ol More quantitative comparisons

3 3.2 3.4 3.6 require detector efficiency corrections.
M(D*p) [GeV ]
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Conclusion

« First observation in ep DIS of the states (in K " K °):
at mass 1537 MeV (possibly t' (1525))
at mass 1726 MeV (close to glueball candidate f (1710))

 Evidence for a narrow baryonic state at mass 1521.5 MeV decaying
to Ksop (+ c.c.) in central fragmentation region. Consistent with the observed

0(1540) pentaquark state.

* No evidence for the NA49 =r signal at 1862 MeV

* Evidence from H1 for the narrow resonance in Dp system at mass 3099 MeV
With larger statistics ZEUS does not see this signal
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Backup slides
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Fit : background + 1 gaussian
x>/ndf = 51/47

Mass :1522.2 £ 1.5 MeV

Width : 4.9 £ 1.3 MeV

(width consistent with the

experimental resolution) ZEUS
> B I | ) ) | I 1 I I 1 I 1 | 1 ]
@ 350F Q*>20 GeV? —
T9) - .
S 300f-
= -
~ .
c - 7
0 - e ZEUS 96-00 5
= 2001 Fit -
£ Y A Signal 7
2 - 4 Background .
g 1501 [ ARIADNE MC —
O — _
O 100 ¥2 / ndf=51/47 —
B peak=1522.2 + 1.5 MeV 7]
50 4 width= 4.9t 1.3 MeV 7
. events=155 + 40 ]
ol L& s | | .
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Entries/ 7.5 MeV/ie”
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M= 1862 MeV
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700 e ZEUS 96-00
—— Fit
----- Signal

600 ... Background

500

400

Combinations / 0.002 GeV

t

5 S % %

300+ 5 -

- K+p -

0 ;_—‘:’ 2/ ndf=76/73 —:

r peak= 1518.5 = 0.6 MeV n

I~ T'= 13.7+ 2.1 MeV 1

"8 @21 Gev? Y -

- O T I R R I
‘P.44 146 1.48 1.5 152 154 1.56 1.58 1.6

M (GeV)
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®7(1530) signal for different Q* .

(Q* > 20,

30, 40, 50 GeV?)

Combinations/0.005 GeV

350[

300

250

200}

150

100

180

160
140}
120{
100

50}

8af

Ty

* ZEUS (prel.) 96-00
—FIt ]
---- Background

B v2/ndf =48 /45 =

peak=1522 + 1 MeV ]
events=184 + 39 (a) E
: | I | T l } .:

200

150

100

50

a

12 /ndf =59 /45 ]
peak=1522 + 1 MeV ]
events=139 + 33 (b) 1

Sl

145 15 155 16 185 1.7

145 15 155 18 185 1.7

12/ ndf =62 /45
peak=1522 + 1 MeV 1
events=118+ 29 (C] _'

160

140

120

100

80

60

¥2 / ndf =55/ 45
peak=1523 + 1 MeV |
events=105 + 26 (d) ]

145 15 155 18 1865 1.7

D.Ozerov Spectroscopy in ep collisions at HERA
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M (GeV)
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> 180 | — —
5 e Lo S =7 (combined) distribution
§ E for different Q? cuts
e ol 7 G L Q%1GeV:
: Z candidates=162+34 HM{*NWH hw :;
- peak=1533.5+1.4 MeV | K 5
o o=7.6£2.4 MeV | wHMwh |w {‘ =
wf S— A i
94 "1.'5"'1',51L"é"'z'z"'z',4""i"*"'z e
M[E?t}(GEV} E -'”:— ------------------------- —
oL | ZEUS (prel.) 96-00
% : H M ”NM‘N Q%20 GeV?
i |

.
Q
||||||||||

>| "

+ H ++

M(E }(GE‘-"}

D.Ozerov Spectroscopy in ep collisions at HERA



ZEUS

-En'-u ? - T T T T T II| T T T T T TT1 I:
(o s 3] . .
EBE { }EELf AR e Improved calibration for the
X 5[ a) D — (Kmy, E + .
@ o W(D'p)< 36 GeV dE/dx (w.r.t. ®" analysis)
8 — ‘ resolution for dE/dx ~9 %
2 EI s E
LR : tuned using protons from
D; ' —+— IIHI I —t+—— HI; A(1116) decay
v (b} D™ — (Knnmm,
5F M(D*p) < 3.6 GeV -
o
.
2k ;
D__1 ' e S ' b=
10 1 10
P (GeV)

October
25-29 2004
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2| D*p + D*'p H1 . . .
105 1 Momentum distribution

# szignal region

= swesanss | fOr the proton for signal region
and sidebands

Entries per 200 MeV

10 L

p(p) [ GeV ]
> 20 .
= :
=2 L
v 15
Signal is visible for -
2 -
the proton momentum > 2 GeV & 10/
(without proton identification :
5
by dE/dx) :
0! — = HEEES
3 32 34 36
M(D*p) [ GeV |
y = s=aRo@ru=s
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ZEUS

500 F({a) | D* — (Kmjm, ~ {b] -EELJE 95-00
i — backgr. fit | D** = (Kmnr)n,

Expected signal for the charm
400 |- - ftinterpol. [~ MC signalon top pentaquark normalized to the

of interpolation *
300 rate of 1% of observed D

200

100

Combinations per 10 MeV

D i I 1 i I | I I | I | ! I 1 I I | I I | I

80 (0 [l @®>1Gev? @ @Ps1Gev® -
i D" — (Kmm_ | D¥ — (Krnmjm,
60 —

o U
E *;H*WWM ha

|
2 3.2 2.4 268 3 a2 2.4 3.6
M(D'p) = AM™ + M(D™).os (GeV)
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HERA dellvered
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HERA Il &*

Integrated Luminosity (pb™)

-]
tn
|

0 200 400 600 800 1000 1200 1400
days of running

Expectation for the HERA II:
plenty of lumi and new discoveries
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Combinations per 10 MeV

ZEUS

a0 |- (@) « ZEUS 1995-2000, D** — (Kx)x,
as | @° =1 GeV®, H1 selection criteria
an — wrang charge (Kmjm_
- L DMG
i \ No signal in ZEUS data
“ 1 with the cuts close to H1
sl T Wt g

a5 _ (b) QE-::‘I Ere‘h"z. H1 selection criteria

b b _
10 - | \{ ﬂ " | ..‘u"i'_,' H| |N| -

2.8 3 2.1 o2 3.3 3.4 ab . E.E
M(D"p) = AM™ + M(D™) ., (GeV)
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Collider HERA is the unique HERA luminosity 1994 — 2000
machine to study QCD. !

A lot of precise measurements

and unexpected discoveries (see plenary talks)

N 7

— i
P(820;920 Gevz/ l e*(27.5 GeV) ol

201

100

g9-0De”

[£1]
=]
— T T T

[4}]
=]
— T T

Integrated Luminosity (ph™')

1 1 1 1 I 1 1 1 I
200 400 8600 800

Days of running

Glueballs and pentaquarks
are not forbidden by QCD,
but extremely interesting
because they bring new
information into the field
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ep Kinematics :

energy c.m. - Vs = 300-318 GeV
hadronic energy : W=m(yp)

photon virtuality : Q*=-¢?

two regimes : Q* = 0 GeV” : Photoproduction
Q° >1GeV® : Electroproduction (DIS)

inelasticity Ly =QUx,, ) s Gy

" E =K
production elasticity : (D) = (E-p )/(2yE ) H s
pseudorapidity : 1 = -In(tan(6/2)) (p
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x 10 35— : N ——
ZEUS HERA-I data (121 pb™) E 1500 |- :
DIS (Q*>1 GeV?) % . |Z=EUS 96-00
o
E 1000 |- Q' > 1GeV’ .
K ° reconstructed from =
secondary vertex tracks é
eremoved: § 500 :
photon conversion to e pairs;
A - pw;
P (K >03GeV O 046 048 05 o052 o5k
K" <1.5 M(r') (GeV)

«Number of KSO : 866800 £+ 1000

%) =498.12+0.
~ 6 % background m(K) =498.12+0.01(stat) MeV

(PDG: 497.65+0.02)

D.Ozerov Spectroscopy in ep collisions at HERA



Events/15 MeV

ZEUS

Select events with 2 identified KSO 3 [“omvseem
kinematical region : Q> > 1 GeV? ;‘5 s +
50 < W <250 GeV 1000
Very clean sample of K ° =P ..
ZEUS 200
- I_ f2{127[]}fﬂg{132ﬂ} ZEUS 96-D0 i (1] ‘DT;E aad = —~ e ‘- ‘[‘]_:54
{ f,(1525) _;:ﬁ: EBD:Qi ) f '2(1525) well seen. e
” } ‘ L Fit : m = 1537+34-22 MeV
an |7 J j . ['= 50+34—-22 MeV
17 1N ,‘M PDG: m = 1525 + 5 MeV
o T ekl =76+ 10 MeV
i % NN “ l % } " Candidate for glueball f :
Tl HH Fit : m = 172647 MeV
10 *{ mc_ I ﬂ “"- T ) il I l| ['=50+34 - 22 MeV
Wy T PDG: m = 1714 + 5 MeV
0 1.2 1-';- :;rf 1.8 2 - 2.2 24 26 2.8 F — 140 :I: 10 MeV

M(KIK?) (GeV) o
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The possibility to identify protons by measuring ionization loss of particle in
the tracker. Disadvantage of the method : good identification only at low
momentum.

. ZEUS ZEUS
E -1 pGSthe charge : | E: ? I Nigao negatlve charge
E s E s}
3 5¢ S 5}
3 i 3 =
2} >
08/ ool
0.8 0.8
0.7 07
s | 0.6 -
1
p (GeV) 1 p (GeV)
Cuts :
bands in the (dE/dx,P) plane (different for positive and negative particles)
dE/dx > 1.15 mips, P < 1.5 GeV => ~60% purity
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- 1200F

[(protons— K ) + (antiprotons — K D

S 1000}

005
8

2 2] :
[ >1 GeV
600 | Q 300

e ZEUS 96-00 1 200¢

o
@
. . = B
*Large (combinatorial) background 2 #o| i
[ ] 100}
Some structure at ~1525 MeV 5, ol
become visible for Q° > 10 GeV* S ¢ o
eat low Q* (> 1GeV?) signal is visible | 140
i 120}
fOI‘ 10W W 150 | 1 100}
; 1 saf
100 6o |
s0f 40
| ool
a a
MC : ARTIADNE (JETSET) i ouef
* normalized to data above 1.65 GeV | -
* does not reproduce the shape ol 2 ' el 3
. - >1 GeV® [ >1 GeV*
(missing 2(1480)*, £(1560)** ... | wozseev | | W 125 GeV
) 100 | 1 ao0f
bumps in MC ? ) | -
50 1 200} ]
N @ G}
145 15 1.55 16 165 1? 145 1.5 1.55 16 1.85 1.7
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s M(Search for the double strange pentaquarks>
gmf_”ﬁ““’”””“ﬁ\ P2 _5 = "0, =®x (observed by NA49)
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[Search for the charmed pentaquark (with the decay ©® — Dp (+c.c.) )]
H1 searchin DIS : 1 <Q* <100 GeV?

< 1000
75 pb” 0.05<y<0.7 = / HA
D" -»D'x’ > (Kn)r' § ™ . B
D’ : P (K)>0.5 GeV %_ 600 .
P (1) >0.25 GeV _— ++~3500 D’
P (K)+P (1) > 2 GeV »0 ; Y :
Im(Kmn)-m(D%)| < 60 MeV .
D* PT(TES-i—) >~ 012 GeV 0.13 0.14 0.15 &(:;‘1:[(39:.]17
P (D) >1.5GeV = °
-1.5<n(D") <1 5 ¢
IAm(D")-m(D")+m(D%)| < 2.5 MeV T
z(D") > 0.2 :
p: PT(p) > (.12 GeV 1
Lp > 0.3 for p(p) <2 GeV
Lp > 0.1 for p(p) > 2 GeV 107
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Signal at 3.1 GeV both in DIS and photoproduction samples
reasonable description by sum of “wrong charge D*” and

D" combined with random p (MC)

40 r

HA1

30 | e D'p+D" P

wrong charge D

B omc

No significant signal in same

charge combination m—l-

Entries per 10 MeV

M(D*p) [ GeV ]
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ZEUS

[ZEUS search 1995-2000 data (126 pb‘l)]
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PT(D*) > 1.35 GeV for (Km)r
PT(D*) > 2.8 GeV for (Knnm) 2000 | . ]
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Selection of proton by dE/dx (better - 500 _(

calibrated w.r.t. ®" analysis), 8.0 0B

cross checked and tuned using protons Pl pte ol D7 o4 0 018
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No hint for the H1 signal in either distribution
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