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QCD : Abstracts to cover (14+4 min)

> 120 Measurement of KOs, Lambda, anti-Lambda production with ZEUS at HERA
ZEUS Collab., DESY-06-226, EPJ C51 (2007) 1

> 123 Measurement of Bose-Einstein correlations of charged and neutral kaons in DIS with ZEUS at HERA :
ZEUS Collab., DESY-07-069, PL B 652 (2007) 1

> 124 Measurement of (anti)deuteron and (anti)proton production in deep inelastic ep scattering with ZEUS
ZEUS Collab., DESY 07-070, Nucl. Phys. B 786 (2007) 181,
H1 Collab., EPJ C36 (2004) 213

> 135 Measurement of inclusive KOsKOs resonance production with ZEUS at HERA
ZEUS Collab. DESY-08-068

> 243 Measurement of excited charm and charm-strange meson production with ZEUS at HERA
ZEUS Collab., Contrib. 101 to Int. CHEP-07., DESY-08-093.

> 783 Search for Baryonic Resonances Decaying to Xi pi in Deep-Inelastic Scattering with H1 at HERA
H1 Collab. Eur.Phys.J.C52:507-514,2007.

» 847 Strangeness Production at low Q2 in Deep-inelastic ep Scattering with H1 at HERA
H1 Collab. Prelim. DIS 2008, paper in progress;

> 848 Strangeness Production at High Q2 in Deep-inelastic ep Scattering with H1 at HERA
H1 Collab. expected H1prelim-08-035 (J.Ruiz) Cancelled

> 866 Inclusive (non-diffractive)rho(770), K*(892) and phi(1020) photoproduction with H1 at HERA
H1 Collab. Prelim. DIS03, (A. Kropivnitskaya) Cancelled

> 867 Inclusive K*+- production at low Q2 with H1 at HERA
H1 Collab. expected H1prelim-08-032 (D.Sunar)
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UERA. 318 GeV

The HERA Collider (ref) «

e (27.6 GeV)

p (920 GeV) H1 + ZEUS integrated luminosity
96-00 + 03-07 (high energy)
ep: ~ 500 pb! (each expt.)

Halle SUD (ZEUS)
Hall SOUTH (ZEUS)

Status: 1-July-2007
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The HERA Kinematics (ref) s

p (920 GeV) e (27.6 GeV)

e(k) +pP) 2 eKk)+X Lumi ~ 500 pb' (HI and ZEUS each) g— (P +k)>

2 2
O padron —I f(x,u)-o- D (Xe 5 Le )dXI D " : Fragmentation '/ —(P+0d)
ofg quark q to hadron h

Q" =-q" =—(k—k)"

P _W’+Q?
® Light hadrons Y =1p = S
@ Strange Q2 o’
X =
® Charm 2qP 5y
& Exotics
X — Zjetl,jetZ(E B PZ)

. Zhadrons(E N Pz)

Relevant Regimes:

Q? <1 GeV?: Photoproduction (yP): direct and resolved processes (X, to separate)
Q? > 1 GeV? : Deep Inelastic Scattering (DIS)
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Strangeness Production
K, A and K*
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Strangeness Production: K, , K*, A

Hard processes : QPM, BGF (s,¢),
e(k)

e(k’)

g-splitting (perturbative)

e(k)

Examples of K° and A signals

——k

p(P) v p(P)
e(k) e(k’)
c

3 W’ )

L. .27 B

P

d

[ |
p(P) by

ZEUS Collab., EPJ C51 (2007) 1
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L. e e .
c|/eeeeceeeeee?® .'5'00_00001
. . 1.1 1.105 1.111 1.115 1.12 I 1.125 1.13
string fragmentatlon M(pr) (GeV)
(non-perturbative)
o(h) o) H1 Collab., Prelim 2008
> C
% i H1 ~- H1 Data (HERA I)
5 15000 -
o i 0 + =
d 2 - Kg - Tt K S > T T
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S i w
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{ | i
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=» strangeness production parameters Ag Ag,
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KO ,A Production in DIS and yp : H1 and ZEUS

Cross Sections in pTlab and nlab , xy ZEUS Collab., EPJ C51 (2007) 1 N
DIS: 2<Q2<100 GeV?2 Photoproductlon (Q? =0 GeV2) Jﬁws(

H1: Prelim. 2008 2 Graoo |-
9 O m I
% B 'g. K 5:12000

-~ H1 Data (HERAI) = 4 B H1 3‘: %10000 : +

— CDM (A,=0.3) § L -'% . ° wo0s

... CDM (1,=0.22) ><< i 5 ° ' s ’

— - MEPS (1,=0.3) © 3F : - : _
g ---- MEPS (1,=0.22) i —+—+ ‘+‘+ 2 e '
° L i 2000 | :
;I-;' /\‘ -8 2 L | ; n ’ :
2 B + H1 Data (HERA |) 1 1.5 ZAB 25 -1 -0.5 0 0.5 :“B
: i — CDM (1,=0.3) Py (GeV) -

1~ < CDM (1,=0.22) ) ’ '
: et ® ZEUS 121 pb”
= 8 15F B == ["] Jet energy scale uncertainty
(a] o r
E‘ Q = PYTHIA
> LEM,
R y o beam
Du 0.2 . .0.4 06 08 I‘\1 2 yJB Ee
QBS\
=>ARIADNE CDM overall agrees for A;=0.3; B s
discrepancies in details: e.g. p;-slope. = PYTHIA (normalised to data) describes

overall features, except low' X, obs (resolved)

- Similar, consistent conclusions by H1, ZEUS for K and for A production
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do(ep — €' A X)/da(ep — e’ K’ X)

Theory / Data

(N, +ND) /Ny

0.3

s

—-#- H1 Data (HERA 1)
—— CDM (#,=0.3)
v CDM (A, =0.22)
— - MEPS (3..=0.3)
---- MEPS (/,=0.22)

do(ep — €' A X)/do(ep — &' K" X)

Theory / Data

~o
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~
-~
~

1.2+
0.8
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ol Q%= 0 GeV?|
g ®, o  27jet-
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......... . CDM (%..=0.22)

— - MEPS (#.,=0.3)
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2<Q2<100 GeV? /

E

+

do(ep — &' A X)ido(ep - ¢’ K X)

—— H1 Data (HERA I)
—— CDM (3..=0.3)
............ CDM (».,=0.22)

— — MEPS (,.=0.3)

---- MEPS (#,=0.22)

-1 -0.5 0

Q2 (GeV'z’T

H1 Collab., Prelim 2008
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~
~
~
~
~~
~
~

L I
0.8 1

L L
0.6

X
Y
ZEUS Collab., EPJ C51 (2007) 1

o CDM ok at 10% level with A,=0.3
-0 X, not described by PYTHIA (incl. MI)

1---¢ Atx =1 (direct) : ratio in yp is similar as
low Q2, and also similar to
measurements in e‘e™

in DIS at

& chscheale Ziich

ikt o
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Strange K° to Light Hadrons h Ratio

< [ H1 < | H1 h= all charged particles
p” _
* 0.12— 1 0.12 —4— H1 Data
oy 2 —— CDM (1,=0.3) N .
% o1- $ i<} 0.1 s CDM (14=0.22) K
2 — = o — — MEPS (1,=0.3)
%3 < °
& —$- Ko/, — MEPS ().=0.22)
X 08— : e B charged
o L é_"*' —4— H1 Data o 0-08] rl
T [ —— CDM (1,=0.3) 1 g o
3..0.06 - QQ --------------- CDM (1.=0.22) iy 0.06 ++‘§‘+‘§‘++ .....
I — — MEPS (1,=0.3) T
. MEPS ()..=0.22)
g ML et 0.04- 2<Q%<100 GeV?
A 1.25 g ; 2;_
8 T_ g 1_ - ........ - z - 1---"---\..:.:.:.4
0% 2 08-
o5 1 15 2 25 3 35 = A—— : : : s
p, [GeV] 14 05 0 05 1

n H1: prelim. ICHEPOS8

o =» K/hadrons : overall described by CMD and MEPS, favour smaller A_=0.22 !
o K, A, Al K : better described by CMD with larger ..=0.3 (ALEPH) and Pythia (in yp)
o A : NO asymmetry observed between between A and anti-A (H1 and ZEUS)

o General: H1 and ZEUS consistent; overall features described, details NOT;

single Ag is NOT sufficient; need overall fit to extract Agand A, A
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K*(892) Production in DIS

D

5<Q?<100 GeV? , 301 pb-’

Inclusive cross sections

Inclusive K~ cross section in DIS (ep — eK-iX)

— 10 = g imi rel.
K * 4 N K 072_ + E 1 2115 Fl::\ellllmlnary :g;agsza{mel.) E f négiel'l'm'"aw :z;a:;t:w el
S 5 10° " Rapgap g nn Rapgap
o - O
— L o
. o : : o 10°;
K* : fitted with relativ. BW S -

m 100X10° K" invariant mass =

Q - H1 Prelimina Y - | L | ,

£ 90 LERA I ry #H1 Data (Prel.) 1 ; . ob—— L :

S 80 p, [GeV] n
70E . . :
602— 0;10 ngiellliminary - H1 Data (Prel.) 3‘1 105§ H1 Preliminary - H1 Data (Prel.)
50 = Q B == Django = £ HERAII == Django
40F- % 10°5 v Rapgap X [ » Rapgap

- e | © 10 ,
30 . 10%: - 2P
20- g | W
105 :05 10¢ 10°;

C L) Lt Titral ] ] - E . .

05 06 07 08 09 1 1.1 1.2 1.3 | o o o
M [GeV] 10 o [Gev21102 0 02 04 06 08 XF1
H1 Collab., Prelim 2008
o K* cross sections measured first time at HERA : overall features described by
Django (CDM) and RAPGAP (MEPS), details NOT (eg. eta shape)
@ Conclusions consistent with Kg , A data
ol Christoph Grab Strangeness Production and Hadron Spectroscopy at HERA ICHEP 08 11
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Bose Einstein Correlations
in Kaons
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Bose-Einstein Correlations for K*K#*, KcKe (ref)

Measure size and shape of particle emitting source.
Identical bosons emission enhanced close in phase space.

Distance in phase space characterized by: Q. = \/—(p —p )2
r = source size of particle emission 12 1 2
Q,, =distance in 4-momentum space

Correlation function R(Q,,), defined by RQ,)=PQ, /P ..Q,)
two-particle density functions P(Q,,):

Static Gaussian source of strength .. R (Q12) =1+ A exp(—T2Q212)

Gaus

Reduce model sensitivity via double ratios R:

P(Q )data (Q )MC,noBEO
R(Q,) = - data MC.noBEC
)= @™ P

e e 25 Christoph Grab Strangeness Production and Hadron Spectroscopy at HERA ICHEP 08 13
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Bose-Einstein Correlations for K*K#*, KcKq

vy ( ] N 0 0 l | Source sizer
m 2. - 35 GoV? _ o <Q?>=35GeV? | distance Q12 in
i S | | ¢ femiz pb™) | 4-momentum
» + \=0374+0. O7+oooo: A A=0.70%0.19 053
12 ' LA ng - \/_(pl - p2)2
1 + 1.2
; *+§++ o +\ij+1+ A =source
- a ¢1 strength
s - r =0.57 £0. ()9‘“000185 f . wl r=0. 63 0 09‘”000181 f )
Q2 >2 GeV2 Q12(K+K+ ) Q12(K Ks)
121 pb-1 ZEUS Collab., PL B 652 (2007) 181

o Bose-Einstein correlations clearly established for K*K* pairs

o K, K, inconclusive, f,(980)—> K, K, background > large systematics
o Source radius “r” found similar

e e ik Christoph Grab Strangeness Production and Hadron Spectroscopy at HERA ICHEP 08 14
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BEC: Source Radius r

S

KK* H——t—i ZEUS
(this paper)
KK* H—e—t OPAL (LEP
Eur. Phys. J. C 21 (2001) 23
KEKE e DELPHI (LEP
Phys. Lett. B 379 (1996) 330
KK it ZEUS
s (this paper)
K —re— ALEPH (LEP
e Phys. [oft B/611 (2005) 66
KeKS it OPAL (LEP
STS Z. Phy:g.C 7 (1995) 389
K et DELPHI (LEP
e Phys. Lett. B 479 (1996) 330
harged ol ZEUS
Bafﬁgﬁs Phys. Lett. B 583 (2004) 231
h d o H1
gaﬁzgﬁs Z. Phys. C 75 (1997) 437

| | | | |

0.4 0.6 0.8 1 1.2

r (fm)

Sewios Fadursl imiiluty of Techmelegy Turish

r values found consistent in:
- ep (DIS) vs. e'e"
- K*K* and K K, (marginal)

- Kaons vs. charged particles

ZEUS Collab., PL B 652 (2007) 181
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Glueball Candidates
in KK’ Mass Spectra ?

rcch syl 26
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KO, KO : Glueball Candidate [

Combinations/15 MeV

e KO K% spectrum (672418 comb) : HERA-I+II data ~500 pb! ; all Q?

8000 T 7 T T N R EE ® lighteSt glueball Candidate eXpeCted:
et ® ZESpErehosh’ 4 JPC=(7 M=1730 + 100 MeV
R e —— 4 B-W + Backgroun >
- s sigial ] eg. seen by WA102, L3 : £, (1710)
L - ===-- background i

f, (1270)/a)(1320)
i f,'(1525) ||

| o £,0710)]

120000 ———
2

0 3 ]
K —>7z7z| el

-

- . i
- - h
d .
l. ..
K,
um'-.‘{ Fi e Ax-m
0.450 0475

| 0.500 0.525. . 0.6550
800 — signal —

F KJKJ
400 1 I" s Wg ! | ZEUS observes 3 structures:
; L _

. L 4 Interference fit of spectra with multiple
0 . iy a L ey ++ Tttt relativ. BWs;
e and determine mass and widths
1.1 1.5 1.9 2.3 2

M(KIK) (GeV)
ZEUS Collab., DESY 08-068
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Structures in K% K° Resonances  [§=

in MeV | f5(1525)
mass | 1912345
width 83 + fo’l 100 + 24*7,,
Particle Data Group 2007 Values

mass 1525+ 5 1724 4+ 7

fo(1710)
1701 £ 5%,

width 731 137 + 8

@ Evidence for f,(1525) and f,(1710) [ at 5 sigma]

@ Masses of f,’(1525) and f,(1710) found bit low,
but widths consistent with PDG

e f,(1710) is consistent with JP°=0** glueball candidate

ZEUS Collab., DESY 08-068

okl 256 Christoph Grab Strangeness Production and Hadron Spectroscopy at HERA ICHEP 08 18
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Charmed Particle

Production

(U

27.6 GeV

Dominated by photon-gluon fusion

e i Christoph Grab Strangeness Production and Hadron Spectroscopy at HERA ICHEP 08 19
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Excited Charmed Mesons

o Measure orbitally excited
D-mesons (doublets) through

decays :

Nt

*2]

]

=)
|

o D,(2420)° > D* 1

Meson Mass (Me\i)
>
&
&
\

°D,(2460)° > D* - ,D*w 2400 - s,
o Dg, (2536)*> DO K*, D™ K° 2200 -
| -
2000 - ~—p* D
o Search for radially excited state | Yk .
D*,+ (2640) - D*+ Tt 1800 - \D(f' D+

R B R RO R e S R R R S R

J 0 1 2 0 1 2 0 1 2

ﬂmamﬂ? Christoph Grab Strangeness Production and Hadron Spectroscopy at HERA ICHEP 08 20




Excited Charmed Mesons Jﬁ

o Orbitally excited P-wave mesons: 0" =
500 — D —> D "z
450 JJ%

>
[}
0 *0 g *0 + = S(126p b’
D 1’ D 2 9 D T and D 2 9 D T S 400 [~ i "L Backgr. wrong charge ]
8 350 -
&2 300 (-
2 250 -
o ZEUS observed : § 200 |
N(D°,[2420]) = 3110 * 340 events § 150 -\ ooB% < 3110 + 340
N(D*9,[2460]) = 1560 * 233 events A T -
. [ Lo b b b b b a o
o and determined % 22 23 24 25 26 27 28 29
> masses, M(D™r,) = AM™ + M(D™),, (GeV)
. . S p * L L L B R
> rel. branching ratios, mf Dy > Doz I et
~ fragmentation fractions, 500 - hatalhb | - background it -
> helicity distributions, and 500 i LN wide-state contributions
’ Tl
~ width of D?, 0/
300 i
200
100 [ N(D3/D30) = 690 + 160
N S T SN B B D PO

2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 - I.2 9
M(Dr,) = AM® + M(D*)pp (GeV)
ZEUS DESY-08-093.

sl Z5ch Christoph Grab Strangeness Production and Hadron Spectroscopy at HERA ICHEP 08 21
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Charmed Strange Particles Loy

° Observed orbitally exmted (cs) mesons

*+ O | ! T
D — D 'K } ZEUS (126 pb™) E
E — simultaneous fit .

60 -_-— -- background fit =

>

Q

=

*

E‘J

Q

(2}

- had N(DZ,) = 100 + 13 E
©
| ==t
£
=
o
O

25 252 254 256 258 26 262 264
M(D™KQ) = AM™ + M(D™)ppq + M(K”)ppg (GEV)
180 . _ —
160 |
140 [
120 |
100 |
80
60 -

40 |
20

2.36 2.38 2.4 I2.42 2.44 2.46 2.48 Z:D
M(DK,) = AM™' + M(D°), (GeV)

D*s, (2536) |

ZEUS measured:
100 +- 13 events in D*g, > D™ K
136 +- 27 events in D*g, > D K*

Fits for helicity parameter between K% and
ns in D*rf  dN~(1+h cos?0) gives

h(D,)=-0.74")1;(stat) ;e (sys)

h#0 suggests mixture of two 1* states,
eg. D+S waves to the D_,(2536)*> D™*KO

- this is consistent
* with Belle value and CLEO range
* not with h=3 for pure D 1* state
* not really with h=0, for pure S 1*

ZEUS DESY-08-093.
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Excited Charmed Mesons Jiz—ef

D" > D zx l
[ ' |

~ 350
. . O
o NO signal seen in search for > e ZEUS (126 pb™)
I"adla"y eXCIted ag_ 300 — — background fit
%9 % n -~ fit interpolation
D +(2640) 9 D ¥ Tc- TC+ S I MC si ir)1al normalised
- © [ to uppger limit
- best upper limit on f*Br ‘E‘ 250 |-
in 2.59 < M < 2.69 GeV S
200 — *
f(c=>D"*)*B(D™*>Dnr) 50

275 ———

< 0.4% (95% CL)

250 —

100 225 F

200 ﬂ gy

—J e—

50 |- ' g
175 - | —
259 2.64 2.69
0 K] | I | 1 1 | | | 1 | 1
2.4 26 28

M Dq\in+ - — AMext+ M D=3=+ GeV
ZEUS DESY-08-093. (D" arta) (D ppa (GeV)

e el bk Christoph Grab Strangeness Production and Hadron Spectroscopy at HERA ICHEP 08 23



Excited Charm (ref) £

ZEUS DESY-08-093.

Mass (Mev) A
0
D1*(2420) 2420.5+2.1(stat) Tzo 9(sys) £ 2(PDG) | | consistent with
D,(2460)° 2469.1+3.7(stat)" 5 (syst) .2(PDG) PDG values
Dg, (2536)* 2535.57t3_j‘1‘(stat)i0.1(syst)io.17(PDG) y

Fragmentation fraction%
f(c> D,(2420)  3.5:0.4%04
f(c> D,’(2460)°) 3.80.7+0. 5
f(c> D, (2536)") 1.1120.16*0 08 o
f(c> D**) x Br <0.4% at 95% C.L.

o Width: | T'(D))=153.2+7.2(stat)";(syst)

o Ratios:

consistent with
e*e- values

best limit to date

larger than world average

PDG values

BR(DY — D7 /D" 7') = 2.8+ 0.8(stat) ™3 (syst) } consistent with

BR(D;, > D K"/D™" K")=2.3+0.6(stat) £ 0.3(syst)

h(D’)=+5.9"
h(D51)=—0.74+3

o Helicity par:

O (stat)"*?(sys)

+0.06

1 (stat) Tygs(sys)

consistent with pure D-wave (h=3)

inconsistent with pure S-wave (h=0)

Sewios Fadurs| imviiluty of Techmelegy Turish
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Baryon Production
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ep > P, p,d,d - Baryon Production @

ZEUS Collab., DESY 07-070 (120 pb!)

To better understand production, . J J g 5
and test coalescence model prediction: d 04 < (do ,-0o )< (do )

@

e Expect coalescence parameter B2 § BT
(nucleon overlap) £ 4 ZEUS 120 pb”
to be equal for particle and antiparticle, -
and 10?
N . 5 10
e Thusexpect d /d =(p/p) 1 L i
0 05 1 M(Ge\f)
P ZEUS 120 ph1
e HERA data: d t
ZEUS 120 pb-': 65 anti-d in DIS
H1 6 pb-': 45 anti-d in photoproduction
| f G
TR I é.s’"'é"
M{Ge\f}

Good separation, based on p and dE/dx

e okl Zich Christoph Grab Strangeness Production and Hadron Spectroscopy at HERA ICHEP 08 26
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ep - p,p,d,d -Baryon Production i—(

@

Results:

) L
§'d/pid/pl * dpEUS QP1GeV)
¢ Proton and Anti-p yields are ~ 1000 x 102 st dIp(ZEUS, @%>1GeV))
larger than d and anti-d . * dp(Htvp)
10° | Q‘:A ? 5 4 ?‘Z’A '
e anti-d / anti-p ratio : ¢l | |
ZEUS and H1 are consistent 10°
0.3 0.35 04 045 0.5 0.55 0.6 0.65 0.
pT/M
& anti-p/p ratio is consistent with unity;
thus expect (anti-d / d) also ~ 1 2 - —
2 NOT seen g P/ p d/d I ° Bip (ZEUS, QP>1GeV?)
| * did (ZEUS, Q*>1GeV?)
But: no sensitivity to model predictions S | [SSSR oo [ — J—
at the necessary <10% level ' T |
0.5 ‘ ; I
® Q: are there more d than anti-d ? . i ‘
- Is the coalescence parameter 03 035 04 045 05 055 06 065 0O
different for particle and anti-particles? p,/M

ZEUS Collab., DESY 07-070 (120 pb™)

H1 Collab., EPJ C36 (2004) 213 (5.5 pb™)
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Baryonic States
decaying to =r

Pentaquark candidate ?

brcch syl 26
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An S=-2 State & "= Ex ?

Remember the NA49 “4c5 hint” at mass 1862 MeV ...

———/0 —_ NA49 Collab., PRL 92 (2004}
\m) —> 2T A
a0 -
\—»An_ o
™, 30
_ % 20 |-
‘—»pn = wf
— 0
gor m = 1860 MeV | P)
5 F I' <18 MeV
10~
2>H1+ZEUS searched for ) |
doubly charged and neutral states .
H and nd 5 1.4 J!E J!E- IE 2!2 2!§ 2!5 2!8 )
produced in Dlg M(=m) [GeV/cT]
H1:EPJ C52 (2007) 507 Not seen by any other experiment
ZEUS: PL B610 (2005) (WA89, ALEPH, BES, FOCUS, COMPASS, CDF,...)

i s i Christoph Grab Strangeness Production and Hadron Spectroscopy at HERA ICHEP 08 29
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Baryonic States decaying =2 Zn in DIS

— ; H1:EPJ C52 (2007) 507 ZEUS: PL B610 (2005)
All upper limits relative to Z° (1530) (2007) —_ &
ZEUS
| LS

+ F I charged comb + all comb. " -
- — AR ALY RRRR LY LRLR LN RRRL) RN LR

> N > - =
) 120 L
= - *H = N t S 250 | (1530  © ZEUS 96-00 (a)
s - 2<Q?<100GeV?| © 100 — 2 <Q2 <100 GeV? = — Fit I
s C 2 i " ----Background Fit ]|
. - C _
2 80 § 80 S 200 Q?>1 GeV? -
E B e 'E B ‘G-U' 4
* el “' 60| 3
- - g
- B 150 =
40 | 40 — o ¥2Indf=84/88
. . - candidates=192+30
20 - I 20 8 Gl
- NA4QI C 100~ (0.6
— 1t Lo et L — 1j - 95‘%_:0_.L.upper
= 0.8 - Upper limits at 95 % C.L. = 0.8 - Upper limits at 95 % C.L. [ {04l limit on R
0.6 | 0.6 — 501
0.4 - 0.4 - - | o2t
0.2 0.2 W I NA49 signal
0 e 0 B P S S S U E S - o+ *
1_4 1_6 1_8 2 2.2 2_4 olu T FTER FRATIOT. AFNTRI ENTRA ARun1 ANRN1 FNAT,
b =4~ 14 1.6 1.8 2 _2'2 2.4 1.5 1.6 1.7 1.8 1.9 2 2.1 2.2 23 24
MEm, =) [GeV] M(E, Z"") [GeV] M(Zr)(GeV)
> NA49 observation at 1862 MeV not confirmed No evidence seen for
. - —0 i = . -
> H1+ZEUS: Search for ==, and =%, decaying to =n any exotic 5q state in =x
ETH : :
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@D Summary £

e Strange particle production

+ Kg, A, A/Kg ratios: Zeus and H1 data agree ©
CDM describes overall features well with A5=0.3 (ALEPH tune); differences seen in details

+ K* production : supports K, A messages

+ K*K* Bose-Einstein Correlations clearly observed;
source radius r~0.6 consistent with e*e- data, and charged particles

e Glueball candidate in KK, resonance ©
+ Clear evidence for f',(1525) and f,(1710) resonance state :
+ interference fit yields (m,I"), consistent with PDG

e Charmed particle production: ©

+ orbital excited D-mesons measured (D°,, D9, , D*g, ):
masses in agreement with PDG; radial excited state D*'* not seen.

e Baryon production:
+ d (+anti-d) production ~1/1000 of p (+anti-p) production; p/anti-p is ~ unity.
+ more d than anti-d ? is coalescence parameter not universal ?

= HERA provides a wealth of complementary information ...

ol i Christoph Grab Strangeness Production and Hadron Spectroscopy at HERA ICHEP 08 31
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KO and A Production in DIS

K% and A production cross sections in p;/2* and n'ab (121 pb-1)

5<Q<25 GeV* Q*>25 GeV* 5<Q2<25 GeV?  Q?>25 GeV?

> o ZEUS 121 pb‘ 1 g S 0 o ZEUS121pb” =
5 -~ LEPTO (03) S s | * LEPTO (0 & -—
S = ARIADNE (0.3) -] a = ARIADNE(0.3) | & +
2 ¢4 ™™ ARIADNE (0.22) | & o  [fley ARIADNE (0.22) | & [ s [ &
< 1 2 2 I
-4 - - - = o JJSS
o o
3 1o 3 5 S
S 5] B 400 3
103_ UUUUUUUUUUUUUUUUUUUUUUUU

— 8000 ——— — 4000 T
0 - 0 E
£ 7000 [ £ 3500
1] - li1]
3 6000 | < 3000
= - = |
© 5000 O 2500
5 g )
T 4000 [ T 2000 |-

3000 j“".””l 1500 o ||'n'|'||'|:-“-'-.“”Ir

2000 —__ _: i ) 1ono :lllﬂlllll N

1000 ; 2 2 ; 500 2 2 500 |- 2 2 : = E

f P SQ <D0V [ Q225G ] - P<Q1<250eV - Q12256
-1 -0.5 0 0.5 1 0 -1 -0.5 0 0.5 1 0 -1 -0.5 0 0.5 1 0 -1 -0.5 [1] 0.5 1
,nLAB nLAB TILAB T]LAH
@ ARIADNE describes data overall with A;=0.3.
discrepancies in details: Kg at high Q?, low xg; p;-slope
’ ZEUS Collab., EPJ C51 (2007) 1
ETH
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KO, and A Production in yP

Photoproduction (Q2=0 GeV?) : require 2 jets (E;> 5 GeV; |n|<2.4)

5 | $
© f a ©
= i < 12000 | =
R 5 g
o " 10000 + ]
3.+ k-] o
B 10 8000 |- =)
; ® .
s i ] 6000 ¢ ©
° ®
4000
2000 - = 1000
— : ol R - | 1I |1i5' B 25 t'_'11.'05 '(lalll-ns
1 1.5 2 25 -1 0.5 0 0.5 1 AB . = LAB
|J_'I_ I|"B(G'e\'r) n LAB T (GeV) n
36_40000 3&25000 B i
g‘-'asnon E‘:_ o
B e ZEUS 121 pb™ °X 20000 + E! n.
s 5 jet 1 /et
- [[1 Jet energy scale uncertainty © + X =
15000 4 2 Ebeam
—PYTHIA YisEe
normalised to data 10000 =
KO A+A
S 5000
; i Photoproduction
Photoproduction 0 | L Ly i
0 L 0 02 04 06 08 1
/] 0.2 0.4 0.6 0.8 1 OBS
OBS X

@ PYTHIA (normalised to data) describes overall data features,

except at low xy°'°s (resolved) ZEUS Collab., EPJ C51 (2007) 1
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KO Production in DIS and yp : H1 and ZEUS

Cross sections in pTIab and nlab ZEUS Collab., EPJ C51 (2007) 1

Photoproduction (Q2 =0 GeV?) :

N
A
Q
N
A
o
o
G
®
<
N

---- MEPS (1,=0.22)

s

4000

2000 |

H1 S i ?5\ . gﬂmn | : —
40 - H1Data (HERAI)| = 10 H1 S K 0 g 12000 |
— CDM (1,=0.3) § I = [® S 8 o000 | ‘
- s CDM (14=0.22) c?<m 8= _+_ ‘%'_ - L —
o 4 L B
— - MEPS (1,,=0.3) = —+— 5 _ ° _ s ’
T L o
Q.
9
5

]

do(ep — e’ K° X)/dp_ [nb/GeV]

4 Z— -¢- H1 Data (HERA |) 1 15 2AB T 2s B -0.5 0 0.5 1
0 i — CDM (1,=0.3) Py (GeV) n®
K s | ofF .. CDM (1,,=0.22) -
- =<MEFS 0ux0:3) e ZEUS 121 pb™
i i ---- MEPS (1,=0.22)
% : E— S 15F PR W W N L U A O ["] Jet energy scale uncertainty
e 8 [ . _———a__ - —PYTHIA
l > -
S e MR = o 2 a2 22 s Z E©
F o5 1 15 2 25 3 35 £ ' obs jet =1 jet
" = . -1 05 0 0.5 1 X —
P, [GeV] n ; N i 14 2y Ebeam
H1: Prelim. 2008; submitted to EPJ s 2 B )?és LS
')_ARlADNE_ C[_)M overall agrees for Ag=0.3; = PYTHIA (normalised to data) describes
discrepancies in details: e.g. p;-slope. overall features, except low x °°s (resolved)
ETH ; .
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KO, and A Production (opt)

Production Mechanisms:

> direct from proton PDG

>via boson gluon fusion

> by perturbative gluon splitting g = ss
>by non-perturbative string fragmentation

strangeness suppression factor (yg) set to 0.3 (default)

diquark-anti-diquark suppression = 0.1

s-diquark/ s-quark suppression = 0.4

spin-1 / spin-0 diquark suppression = 0.05
PDF: CTEQ in DIS; GRYV and SaS2D for photoproduction

Monte Carlo : Ariadne (CDM), Lepto (MEPS in DIS), Pythia (MEPS, yp),
in general using the ALEPH tune

ZEUS Collab., EPJ C51 (2007) 1
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Pentaquarks — Reminder (opt)

Existence of pentaquark states within
different theoretical approaches

eg. Chiral Quark Soliton Model
(D.Diakonov et al. ) predicts an
antidecuplet of pentaquarks:

> low mass (1.5-2.1 GeV)
> narrow (< 30 MeV)

» exotic quantum numbers
Experimental searches at HERA
focusedon O, = -, =0

- many positive and negative results
exist on ®* besides HERA ...

Pentaquark Anti-decuplet

" @F(uudd )

N'(ududd)
7 & N (uduss)

99999

r ‘(udusa]
N\_ X (ususs)
o

ssauabueuls

® G
[/ | <7 - = . _
Z (dsusu) E (ususd

B, (ddss T E¢,(udssd)

D.Diakonov et al. Z. Phys A359, 1997, 305;
D. Diakonov, V. Petrov, Phys. Rev. D69, 2004, 094011

Efpewiiasinctin T
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Glueballs in K°% K° Resonances ? (ref)

The KO KO, system is expected to couple RG
to scalar and tensor glueballs

KO,: has S=0, P=-1, C=+1 4
KO.KO, : has P=+1, C=+1 > J = even GR

KO.K? bound states = JPC: 0**(scalar), 2** (tensor) ...
P = (-1)Z+Y Parity
C = (-1)&H9 Charge Conjugation
J=L&S J: Total Angular Momentum
e Lattice QCD predicts: Lightest glueball candidates: c (T);i’;tla;s:g(';;;w'g ":;"t”m
+ JPC = 0** = mass 1730 + 100 MeV.
+ JPC = 2** 5 mass 2400 + 120 MeV.
@ Question:

@ Experimentally, four states with

JPC = 0** and I=0 are established (PDG) what’s the mixing fraction

of mesons and glueballs?

f0(980), fo(1370), fo(1500)a fo(1710) @ Hybrids? Tetraquarks ? ...

ICHEP 08 38
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Fitting: use Breit-Wigner with interference

_ Coherent States Destructive
interference

f5(1270) a-(1320) f5(1525)
|Isospin | = 0 1 0
Quark Content  (uu+dd)/+2  (uu-dd)/+2 SS
2 2 1 1.1 2 2 1 1.1 1 1
Charge Factor — Gx3+3x3)7 L 73
Amplitude ratio 5> BW -3 BW 2 BW

Function = a {5 * BW_f»(1270) — 3 * BW_a,(1320) + 2 * BW_f,(1525)}?
+ b {BW_fo(1710)}?
+ ¢ Background U(M)

a b c are free parameters

BW is Relativistic Breit-Wigner function: F(M) = . ”'i‘-\i{f
) m* — M2 —iml’

Faiman, D. and Lipkin, H. J. and Rubinstein, H. R., Phys. Lett. B59, 269 (1975)
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Fitting functions

Combinations/15 MeV

> MOdIerd Relativistic Breit-Wigner (MRBW) function F(M) + BGRND U(M) :

U(M)

ML g

Z 0 T??

— M?)2 +m? T

A (M — Q'm.ﬁ—g}g - eXp (—C'(ﬂf — 2'”"-;'{2.:')

8000 1

4000 —

1,(1270)/a2(1320)

T T I T ! ! ] T T ! | T T T

® ZEUS (prel) 0.5 fb"
—— 4 B-W + Background
m signal
————— background

f,(1525)
f,(1710)

800 — signal —
400 &m—w
0 i
- | |
1.1 1.5 1.9 2.3

2.7

M(K2K?) (GeVv)

)

C, is the amplitude of the resonance
m. ; is the mass of resonance

[4;is the effective resonance width
M is the KO.KO, invariant mass

(Macr, Whtth)
—— FI=5BW (12647, 0.0721)

- — F)=3*BW (I.1549, 0.166)
25

—— F3=FI1-F2

Destructive
interference

15

Xendf= .
86/110 '

Improved fitting in 1270 and 1420 region,
where destructive and constructive
interference are well described.

Christoph Grab
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Structures in K°% K° Resonances

Fit No interference Interference

: PDG 2007 Values
x2/ndf 96,/95 86,/97
in MeV Mass Width Mass Width Mass Width
£2(1270) 13044 6 61411 1268+ 10 | 176 +17 | 1275.4+1.1 | 185.2131
a9(1320) 1257+ 9 114414 | 13183406 | 107+5
f5(1525) | 1523 £3%3 | 71 £55)7 | 151243155 | 83491 1525 £ 5 7317
fo(1710) | 1692 4+ 615 | 125 £ 12725 | 1701+ 575 | 100+2477, | 1724+7 | 137+38

Table 1: The measured masses and widths for the f,(1270), a3(1320), f,(1525)
and fo(1710) states using KSK? decays as determined by one fit neglecting interfer-
ence and another one with interference as predicted by SU(3) symmetry arguments

® Masses of 1,’(1525) and £,(1710) found bit low, but widths consistent with PDG

® f (1710) mass, seen at 5 sigma, is consistent with J’“=0"" glueball candidate

ZEUS Collab., DESY 08-068
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Summary f,(1525) and f,(1710) states

f,(1525)

e e p ZEUS R & ZEUS low mass
° i Central p p Production } o
- eTe” experiments .
o K-meson experiments g
1 PDG 2007
i I ' e B
1510 1520 1530 60 _ 80 100
mass (MeV) width (MeV)
fo(1710) v
oi— e p ZEUS ——— < ZEUS low mass
—— e"e” BES Collab. ~io- & BES hlgh
— - — e’e” other Collab. =i
i — P p, T p experiments i
N P F3PDG 2007 L1l
1700 1750 50 100 150
mass (MeV) width (MeV)
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K*(892) Production in DIS @

DATA 05&06&07 (L = 301 pb™)
DST5 with 3.3.6 hloo version used
Electron Sigma Method used

Kinematic Cuts
ehH < Qf < 100 GeV?

-[).lszyﬂEf:G,G

® Scattered electron selection

¢ E >11GeV

® 156" < E'e < 173°

® SPACAL fiducial cuts applied

r ]

Technical Cuts

® S61 Trigger
- alectron (EE > 6 GeV) SpaCal

- at least 1 high momentum track candidate
e 35< E-P’z < 70 GeV
e-35<z <35cm
® Scattered electron selection

¢E _,<05GeV, R >12cm, R, __<4cn

| K"s Selection |

® Use hloo KO-Finder

® Pairs of oppositely charged secondary e

®p,>0.12 GeV/e, Inl<15

® A (cut on (Mpﬂ-l.llﬁ) < 0.012 GeV)

® y conversion cuton M_ _> 0.05 GeV

® Doy > 0.5 GeV

® Armenteros p,> 0.11 GeV
® | cos(6")] <0.95

evi<c5.4

® A(dca) > 0.5

® Radial decay length > 2 em
® 0.470 < M, < 0.520 GeV

Sevios Fedursl imsiiluty of Tachmelngy Turish
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K*(892) Production: Quark contributions (opt)

H1 Collab., Prelim 2008

*4 0 * = H
K™ > K¢z Inclusive cross sections
Inclusive K~ cross section in DIS (ep — eK X) = 5f — > h Data (Prel
= 10°E H1 Preliminary H1 Data (Prel c [ HiPreliminary = Djangg. et
® | HERAIl 2 Diango 1o =, HERAII Tud
9 10% | g F g
g g,
o 103§ © 3:
o -
B 10°; 24—
-8 10% g s e et T JERE - T
| . S e
1 5 10 g -1 0 1
P, [GeV] n
— 10°E P = : -.-I-I.1.Data(Prei.)
N> i H'IE l!f;';‘ellllmlnaryr : g;arl::g;a (Prel.) == Django
o - o ud
‘cb
-8
S——— 2P|_
" H1 Preliminary ] Xp = W
j2k HERATI [
by
0 0.2 0.4 0.6 0.8 1

o quark contributions: at low scales: u,d dominate; at large scales, charm and light
quarks become equivalent - difficult to extract s-content of proton
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Ks » A Production: Quark contributions (opt)

£ o —up 3 2 0
3 - Ks --- down s | Kg 5 Ks
> | — - strange ° i o
.f:“ .. = Eharm 5 S I
x | = e ottom o - x i
g 0'5_—_'_I_|_'—|_|__ IIIIIIIIIIIIIIIIIIIIIIIIIIII ';; 0_5_:'*'—|_|_‘_|_‘ § 0.5__
D ,,_q__ ____________ E--_---""“__";'_ Fe b o B o
0 Lo Siageieigissaieipniagate ) L L I T :—-.-.:u_.‘._.‘--_-.___:___
10 10% 0 2 3 e 5 :
Q? [GeV?] p, [GeV] .
z s T A > pr’ g 1
;A s A _—_lp £ 1A
% I‘_I_I_l_‘— § .—%
™ | { x B
=09 g 0.5?—'—_'_‘—1— é 0.5
;-iﬁﬂ,__.-:'ﬂ:'.—.:_:—:;:::_:_—__:_—_-_:.—. _ — {___{:..T—r _______ e
o P - Wi N sriarinru N ol l o
1 2 3 -1 0 1
Q* [GeV?] p, [GeV] n
o quark contributions: at low scales: u,d dominate; at large scales, charm and light
quarks become equivalent - difficult to extract s-content of proton
ETH
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Excited Charmed Mesons (opt)

Signals used: D* 2> K-n*n* and D° 2> K- rn*

D* > (K- =*)z* and

[

(K- nt* v~ nt*)m*

= 16000 : |
30000 T T T T T T T T T T T (D =
> [ | _ = st |- e ZEUS (126 pb™)
= Pocensey . g - backgr. wrong charge
10 25000 |- TR0 < 12000 - D™ — (Km)r, ]
8 _ el o 10000 |- N(D*) = 39500 + 310
@ 20000 - e ZEUS (126 pb™) £
% r Reflections subtracted | W 8000 —
|— | c
5 100 — Gauss™ + backgr. _E 6000
£ I .
8 10000 background fit 8 4000
L N(D*) = 20430 + 510 -
2000 —
5000—D+_) K+7Z'+7Z'_l =
i 1 | ® o014 0.15 0.16
0 1 1 | 1 | 1 1 | 1 1 | | 1
1.8 1.9 2 M(Knr,) - M(Kn) (GeV)
M(Krr) (GeV
(Knm) ( ) = 10000 T
> 14000 '+.] i - = e ZEUS (126 pb™)
=2 s o)
B s o B o 8000 |- —L. backgr. wrong charge —|
Eg_ : ] ?g D™ — (Knnm)m, |
@ 10000 ® 6000 | N(D™) = 17300 + 210
Qo B )
© 8000 = =] ‘g
< : A S 4000 -
£ 6000 [ * ZEUS (126 pb™) : 5
o N Reflection subtracted . o
© 4000 | ~ o ., wss™ ybackgr. Qoo D ** K zrtr-7" V-
D" > K™« Ekground fit ] — ( Tr )
0 ‘l 1 ] 1 1 | 1 1 ! | 1 1 1 | 1 1 1 1 I 1 L] 1 0.14 0.15 0.16
1.7 1.8 1.9 2 2.1 MK MK GeV
ETH : .
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Excited Charmed Mesons (opt)

cos¢ vs r=Ig/(l'g+p)

D} mixing
.+ Cosine of relative phase of - ekl
1 + stat.@syst.
S- and D-wave amplitudes o

BELLE

ZEUS measured: ; . \
100 +- 13 events in D*g, > D™ K’ 4 [ | A\
Fits for helicity parameter between K% and 0 02 04 06 08 :
ns in D*rf  dN~(1+h cos?0) gives

h(D,)) =-0.74"01 (stat) )5 (sys) D+1“
0_5,Lj\ T

h#0 suggests mixture of two 1* states, S
D+S waves, eg. D,(2536)" and D,,(2460)* 01 e o h

coS ¢

N
N

7/, +stat.
.. . - L + stat. @syst. A
=> this is consistent 051 . CLEO N vr 0]
* with Belle and CLEO values L0 BEuE D, > D "Kgq I_
* not with h=3 for pure D 1* state o 02 o4  os  os 1
* not really with h=0, for pure S 1* T¢/(Tg+Tp)
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