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* Inclusive non-diffractive photoproduction of
p(770)°, K*(892)° and ¢$(1020) mesons
- K% and A at low Q2 in DIS
* Inclusive K** production at low Q? in DIS
* Inclusive KO.K9 resonance production
- Production of excited charm and ~— ZEUS
charm-strange mesons 1
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The HERA Collider

e+ p
27.5 GeV e Ge\l/ H1 and ZEUS:
s - 92 - 07 years

EEEL S R i S

- Lumi ~ 0.5 fb! (each exper.)

e 2

ep kinematics: s
£
energy c.m.: ['s = 300-320 GeV » S W
hadronic energy: W = m(y*p) (\ _
photon virtuality : Q? / N
two regions: Q? # 0 GeV? — photoproduction
Q?>16GeV? — electroproduction (DIS)
2

A. Kropivnitskaya Light/Strange/Charm Hadron Measurements in ep Collisions as a Baseline for Heavy-lon Physics ISMD2008



Charged Particle Production

¥ — CDF Vs = 1800 GeV
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y Inc_lu;ive charged spectrum in yp, pp and AuAU 1 b [GoV]
collision could be describe by power law distribution:
| A lf; —, Ef">>E; pQCD
f(EX") = = (Er™)

(Er, +EX)"
ETkin :\/mg + pT2 —Mm,

Comparison with simpler systems (yp, pp)
gives more understanding for heavy ion collision

~ exp(—EN/T), EM" < E.. T=E, /n Boltzmann
' distribution
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Charged Particle Production

- 0, | ®-w<W-=210Gev
] M- pp Vs =53-1800 GeV
o8 4 — AuAu Vs, = 200 GeV
| |
D.16 —+—_+_ 1
0.14 /S/bc‘/»
Con:
05/09 +
0.12
0.1
—4-
0.08 : '
7.5 10 12.5
n
(T,n) frame:

- stability island in pp spectrum

Comparison with simpler systems (yp, pp)
gives more understanding for heavy ion collision
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Charged Particle Production

- oo ® —yp <W>— 210 GeV
] M- pp Vs =53-1800 GeV
1 J—
— AuAu Vs, =200 GeV
0.18 + MHN
0.16
0.14
0.12
0.1
0.08 : '
7.5 10 125
n
(T,n) frame:

- stability island in pp spectrum
- linear dependents for yp, pp and AuAu at the

same energy Js ~ 200 GeV
- other reqgularities ...

Comparison with simpler systems (yp, pp)
gives more understanding for heavy ion collision
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Inclusive Photoproduction p9, K* and ¢

x102 x 10
. > — > —
2 ~ gsoool- H1 Prelimina a) _ H1 Preliminar b)
Photoproduction (Q? ~ 0) 2 p it Datprel| 200 ey i Dota Prel
2000 year <W> = 210 GeV 9 —— Fit—B(m)
. 1 “ 6000 ) o refl.
Lumi = 36.5 pb 5 | ™ | 8wl i
Y| <1, 0.5 <pr<7 GeV @ 4000
=
. @ 2000
Fit:
modified rel. BW + BG + Reflection oL — | o L it
075 1 125 1.5 075 1 125 15
. m(rn ) - m(ntnt) m(r') [GeV] m(r'1) [GeV]
% 0.08 ¢ H1 Data Prel. H1 Preliminary > x10? - =
10 —— PYTHIA 6.2 with BEC ‘ d
o007 L. PYTHIA 6.2 without BEC S 10000 [ < o = o }
3 008 ] o = 20000 [
= - o~ 8000 |/ A PR
_ﬂ 0.05 |- i * H1 Preliminary ™= 2 15000 )* ~"H1 Preliminary
5 Q. 6000 ¢ H1 Data Prel. . ¢ H1 DataPrel.
C 0.04 7] — Fi Q —— Fit
@ Q Fit 'S 10000
T 003 _E 4000 E!I[Im}lﬂ t B(m)
(] all refl. Q ¢ signal
T 002 ? 2000 ---- K*? signal S000
§ 0.01 0 bt T 0 Lo | e
€ 045 055 065 075 085 095 105 07 0.8 09 1 1.1 1.2 1 102 1.04 1.06
m(nn) [GeV] m(K*n*) [GeV] m(K*K") [GeV]
A modification of p® produced in yp collisions is described by taking
into account Bose-Einstein correlations in Monte Carlo 6
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p%, K* and ¢: cross section, comparison with RHIC

H1 Preliminary b) - A
f(ETk ) = kinyn ?
(Ey, +Ef")
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<do/dy> | is extrapolated
ylab[<1
3 _+_+_+__+_ cross section in all p; range

2
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Calculate ratios R of mesons cross section

\ ) ) :
g ! using this extrapolation
R(¢/K™)
—— s et . . o
pp Vs = 200 GeV, |y|<0.5 » The ratio R((I)/K ) measured in YP IS IN
STAR .
. Auau s, - 200 cev, yios|  agreement with pp results and below that
T e for AuAu measured at about the same
02 04 05 06 07 collision energy at RHIC.

* More precise DATA are need
from AuAu measurements.
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p%, K* and ¢: cross section fit parameters

H1 Preliminary

Pn ( K* 4 f*“};’? &
<de [dy=>), ; <1 [nb] | 23600 £ 2400 5220 £ 560 1850 £ 210
T [GeV] | 0.151 £0.006 | 0.166 = 0.008 | 0.170 £+ 0.009
THEYTHIA GV 0.136 0.140 0.149
<Fp= [GeV] | 1062 +£0.014 | 1.205+=0.017 | 1.333 = 0.020
<E5"> [GeV] | 0.287 £0.014 | 0.313+0.017 | 0.315 4+ 0.020
[
|
[

<pr> [GeV] | 0.726 £0.021 | 0.811 £0.025 | 0.860 = 0.032
<pr>,p [GeV] | 0.616 = 0.062 0.81 +0.14 0.82 £ 0.03
<P anaq 1GeV] | 0.83 £0.10 1.OR £0.14 0.97 +0.02

* p9, K* and ¢ are produced with about the same value of the average <E kin>
* n is described by PYTHIA6.2 (pQCD) while T is not (non pQCD)
* <p> in Hl is in agreement with RHIC pp and is lower then RHIC AuAu
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PO, K* and ¢: cross section

< ..
S H1 Preliminary
@ 10
G -
St k.
o 10 4 ﬂETm} = A kin
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10 * ¢, H1 Data Prel. \
-3 ")
10
1 10
p; [GeV]

» All inclusive photoproduction cross sections measured at H1
is described by power law distribution with fixed n = 6.7 calculated from h+
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KO, signal

- H1 % +H1 Data
DIS (2 < Q%< 100 GeV?) 15000 b
HERA T : .
Lumi = 49.9 pb-! _ -
In| <1.3, 0.5 <p;<3.56GeV so00l- ;

Fit: 2 Gaussian functions + BG ; N

0 -
10000 Ks—>7wm

Entries per 2MeV

do(ep — e K X)/dp_ [nb/GeV]

Theory / Data

0 i | ! L L L | . L | ! —
0.4 0.5 0.6
= T 70 = = .
40 H1 -4 H1Data = 1D_H1 ® H1 H1 Data =105 H1 ~#- H1 Data
— CDM (1,=0.3) 5 g 5 — CDM (A,=0.3) -E — CDM (A,=0.3)
o .. CDM (3,,=0.22) x 45 + c.uE. i - CDM (A,=0.22) 5‘“ . CDM (A,=0.22)
— - MEPS (},=0.3) ﬁ + % 5 — - MEPS (A,=0.3) ﬁ — - MEPS (1,=0.3)
» ---- MEPS (1,=0.22) T < ----MEPS (A,=0.22) | T . .| ---- MEPS (1,=0.22)
— Q
m il
20 s 3 3
4 -4 H1Data . 3
' — CDM (1,=0.3) :é’»
> - CDM (A,=0.22) ‘ : 10°
2 — - MEPS (1,=0.3) na :
---- MEPS (3,,=0.22) :

1 = 1 2 Y | 2 :

—_ 51— 8 T2ErR pesr =————— a 12

P >

g 8 0.8F------
10 10° 104 10° 102
Q% [GeV? X

* Overall features of the Data are reproduced
by the ARTADNE CDM with A, = 0.3 and MEPS with A, = 0.22

* Predictions fail o describe the details in low p, low x and large n |
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Theory / Data

* Overall features of the Data are reproduced

by the ARTADNE CDM with A, = 0.3 and MEPS with A, = 0.22
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* Predictions fail o describe the details in low p+, low x and large n
* No asymmetry in the A and A is found within errors
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KO, to Light Hadrons
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KO./hadrons is overall described by CDM and MEPS with A, = 0.22
KO, and A is better described by CDM with A, = 0.3
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K** -> KO, n* signal
DIS: 5< Q2 <100 6eV2 HERA IL: Lumi= 302 pb™ py(K*)>16GeV, [n(K*)| < 15

x10° K invariant mass

,§ 905_ :1Eg£ellliminary oH1 Data (Prel) — 10°¢ Inclusive K~ cross section in DIS (ep — eK X) . % Inclusive K * cross section in DIS (ep — eK 'X)
Tt gof > - H1 Preliminary @ H1 Data (Prel.) -g - H1 Preliminary @ H1 Data (Prel.)
w 705_ 8 - HERAII == Django =, HERAN == Django
- B 104 ||||Hapgap _g C "..Rapgap
60 F = r
= joR o] 3
50 H'_ i © 5
40- g 10 ; :
F =) 2 LI
30:— B - _ :
20} T 10% 1+ S
10 Y i -
SIFTTRTTEINY.  (TPEOS POTRCTRPRT L LT PR P 17 Torr I el FYVTTYPYT] ITTTTTeT I i . ; A M CINa | u'. A O S S RN L.
05 06 07 08 09 1 11 1.2 13 1 5 10 -1 0 1
M [GeV] p, [GeV] N
Inclusive K cross section in DIS (ep > eK'IX) 10t Inclusive K cross section in DIS (ep— eK‘+X} o Inclusive K * cross section in DIS (ep » eK 'X)
S H1 Prelimina % 'UE H1 Preliminary ; 2 19°F Hi Prelimi
%’ 100- HERA I ry -0H_1 Data (Prel.) “‘> " HERAII -.-:1 Data (Prel.) a : HERAeI:mmary .H:‘ Data (Prel.)
o == Django 4 il ==Ujango g == Django
B i o Rapgap Q 10°¢ " Rapgap % ||||||| w Rapgap
(=X 'g- = 10%F
T R .8 s
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= 50 g | :
o -
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L= - o
I ' L ' 1 . L L L | L L ' | NPT I R p 4 [ P
100 150 200 250 1 10 102 0 0.2 0.4 0.6 0.8 1
W, , [GeV] Q% [GeV?] Xe
Django (CDM) and RAPGAP (MEPS) are in agreement with Data
Consistent with KO and A Data
13
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8000

KO.KO,: Glueball Candidate

HERA I + HERA IT Data, all Q% => selected 672418 K°KO, combinations

4000

Combinations/15 MeV

T

Ny -

ZEUS

a

ottt | ® ZEUSD5 1 @
o “'.""\,‘ 4 B-W + Background
o -:'.'f'\ m— signal
e . background
- ..<-...,“..‘.,
12(1270);:13(1320)1_(!525) | ‘*«xa“
2 1,(1710) “"""-.,,_
.“""""-.-...

(b)

800 8
[ F(my=a]5-BW(f,(127
400 LAY
+b- | BW (f, (1710
0 . s ”. Toortatia  To Ll grt e, Tl
1.1 1.5 1.9 2.3 2.7

M(K2K?) (GeV)

* the lightest glueball:

JP¢ = 0, M = 1550-1750 MeV

- fit:

interference rel. BW + BG:

0)—3-BW(a’(1320)) +2-BW(f,(1525))|" +
)|? +BG

* ,(1710) is observed with 5 sigma effect
* this state is considered to be a glueball candidate

A. Kropivnitskaya
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KO.KO,: Glueball Candidate

f2 (1525) summary

-t ¢ p LEUS ] —
- : Central p p Production B >
-+ e’¢” experiments -
- K-meson experiments -
cl — PDG 2007 N N
1510 15270 1530 60 30 100
mass (Me'¥V) width (MeV
fo {1710) summary
o ¢ p LEUS ———t
—m— ¢’e” BES Collab. -
e e'e” other Collab. "
———— P P T p experiments et
— PDG 2007
| I L1l 1 1 | L1 | 1 | 1 I |
1700 1750 11 100 150
mass (Me¥y) width (MeV)

The measured masses of the f',(1525) and f,(1710) states are
somewhat below the world average, however, the width consistent with the PDG
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Excited Charmed Mesons

The large charm production cross section at HERA provides
possibility to study excited charm and charm-strange mesons

g, o ZEUsamp) Orbitally excited P-wave mesons:
o D,(2420)° — D**r-
D,*(2460)° — D**r-, D*n-

N(DIDS) = 3110+ 340

N(D2°/D3") = 870 + 170

2.1 22 23 24 25 26 27 28 29

M(D™r) =AM MO s @) Helicity measurements:

= } — simultaneous fit
600 .,- H il --- background fit

wide-state contributions h(Dol) = 59 tf?(S“'aT) 4_-12(;‘ (SYS) HQET: +3

f(c - D%)=35+0.4%3; %
f(c —> D*0,)=3.8+0.750c%

N(D2%/D3%) = 690 + 160

21 22 23 24 25 26 27 28 29
M(D'rr)) = AM® + M(D")ppq (GeV)

- DO, consistent with pure D-wave h = +3

- Consistent with ete- measurements 16
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Excited Charmed Mesons

excited charm-strange meson
D*0K*
S’

D.,(2536) — D**K?

radially excited charm meson
D*'(2640) — D** -

~ 350 T
3 80| E =
= e ZEUS (126 pb™) o ZEUS (126 pb™)
i 70 — simultaneous fit & 300 background fit
@ a . .
a 60 p - background fit @ -- fitinterpolation
g 50 l' N(D‘ ) =100+ 13 2 MC signal normalised
= 40 g to upper limit
£ 'E 250 —
9 30
£ i_+ <]
° MW*&% T S
10 /MJ 200
o0 |
25 2.52 2.62 2. 64
M(D" KS) AMPE 4 M(D )PDG + M(K )epg (GeV) 150
180 — |
160 )\ N(DE)) = 136 ¢ 27
100
i T 50
2.59 2.64 2.69
0 | 1 | 1

242 2.44 246 248
M(D°K,) = AM™* + M(D" )pDG(GeV)

Helicity measurements:

h(D*,)) = -0.74:2 (stat.)

-0.17

-0.05

f(c - D%)=11+0.2 +0.1%
- DY, inconsistent with pure S-wave h =0

A. Kropivnitskaya

- D*' is not observed

Light/Strange/Charm Hadron Measurements in ep Collisions as a Baseline for Heavy-lon Physics

best upper limit on
f(c - D*):Br(D* — D**n*n) < 0.4% (95% C.L.)

006 (sys.) HQET: 0

1 1 1
2.4 2.6

2.8

M(D"*rim) = AM™ + M(D") o (GOV)
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Summary

» Light p(770)°, K*(892)° and ¢$(1020) mesons production:

* first measurement in photoproduction at HERA
- comparison with RHIC results
* universality is observed

- Strange particle production:

* KO, A and K** production was measured at DIS
+ CDM and MEPS describe overall features well

* Gluball candidate in KO,KO,:

‘clear evidence for f',(1525) and f,(1710) states

» Charm production:

A. Kropivnitskaya

- orbital exited D9, D*?, and D*,; are measured
- radially excited D** is not observed

Light/Strange/Charm Hadron Measurements in ep Collisions as a Baseline for Heavy-lon Physics
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