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ZEUS detector at the HERA

e /ZEUS: 56 universities and laboratories, 18 countries
HERA - the only ep collider in the world

e HERAII (2002-2007): upgraded detectors,
longitudinally polarised et beams

1
4

Hall nard (1) \
Hale OST (HERMES] i
Hall EAST {HERMES)

Hafl est (HERMES) '

Taie NORD (H1] \.
Hall NCATH (H:
// HERA

Complete 41T detector

Tracking:
¢ - central tracking detector
- Silicon p-Vix
(operate in a B field of 1.43 T)

p (920 Gev)

Halle sUD ZEU ZEUS
o=

Hal SOUTH (28
Hall sud (ZEUS)

Calorimeters:
- Uranium-scintillator (CAL)
- Instrumented-iron (BAC)

Muon chambers

p (820/920 GeV)

e*(27.6 Gew\

HERA delivered

L HER= 11~

250 - HEF2 11

Integrated Luminosity (pb™)

HEI-= |

100

50 /
o

| 1 1 1 1 I o
0 200 400 600 800 1000 1200 1400
days of running

e = =p
27.6 GeV 820 — 920 GeV
HERAI HERA II
1995-2000 2003-2007
NG 318 (300) 318GeV
L L5-10% 7103 e 57!
Lini ~ 120 ~ 370 pb~!



Motivation for stuady excited charm and
charm strange production

Heavy-quark spectroscopy has recently undergone a renaissance
with the discovery of several new states:

< Non-strange excited charm mesons D1(2420)°= and D2%2460)°«
Charm-strange excited mesons Ds1(2536)+ and Ds2(2573)+

Recently, Supported Heavy Quark Effective Theory (HQET) predictions
D°¥42400)°+ and D1(2430)°

Recent discovery charm-strange Ds0*(2317)+ and Ds1(2460)+

Predicted: broad non-strange charged excited charm meson with JP=1+ has not
yet been observed.

» Predicted. radially excited charm D’ —> Drm and D*’ —> D*nm, ~2.6 GeV.
Narrow resonance at 2637 MeV with D+ r+ - reported by DELPHI,

however OPAL — no evidence.

The properties of these states challenge the theoretical
description of heavy-quark resonances. Further measurement of
excited charm and charm-strange mesons are important!
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Excited charm and charm-strange mesons

e Large charm production cross sections at HERA
allow to search for excited charm states

"y 2800 -
O .
Look for orbitally excited states: g 2600 | » ) v ) @{TQ\_@
D1(2420)° — D*=xT JP=1* :o | &
— 2400
D3(2460)° — D**x7 JP =2t [
D3(2460)° — D*x¥ 2200 |
JP =17 state cannot decay to D= [
2000
D41(2536) — D**K? D*K* JP =1t -
1800 N

Search for radially excited states:
DY(2640)7 — D=r 7 (DELPHI) J'=1"7

ZEUS HERA 1 1995 - 2000 (126 pb™') DIS + PHP

Eur.Phys.J C60,25(2009)



Study of the excited charm mesons
D1(2420)°, D2 *(2460)°

Di(2420)° — D * 7—
D2%(2460)° — D+ 7— , D+ 7-

combining each selected D+ (or D+ ) candidate with
an additional track, assumed to be a pion, with a
charge opposite to that of the D+ (or D+ ) candidate.




Reconstruction of lowest-mass charm mesons: D#+

D #+ mesons were identified
using the two decay channels:

D+ — DOns+ — (K—n+)ms+
AM=M(Knr)-M(Kx), Signal: 39500

D* — DO0ns+ — (K—nt+ntn—)ns+
AM=M(Knnnrns)-M(Knrr), Signal: 17300

Background-wrong charge combination.
Yellow band - ranges used for excited charm mesons
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Reconstruction of lowest-mass charm mesons: D+ and D0

eV
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Excited charm mesons: Di1(2420)° and D2%42460)°

® Decay channel — D 7T-

A clear enhancement in the range where - Ses SRALARALEAY SR SALE? R SRARR RN (RS

. . v s PO e ZEUS (126 pb™")
contributions from D1(2420)° and < 400 [ r T R ST B
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+O
mass of the D2+’ meson. M(D*x,) = AM® + M(D")..o, (GeV)



Di° and D2+ in four helicity bins

Used helicity angular distribution to extract

D1(2420)° and D2%2460)° yields and properties

h -helicity parameter (h=3 for pure D-wave)

dN/dcosc = 1 + hcos* o

Simultaneous final state D*tr, Dtm,
. . Signal yields
fit including all ————
N(DY) | 31104340
contributions N(D) | 870170 | 690 £ 160

M (DY) = 2420.5 & 2.1(stat.) £ 0.9(syst.)

M(D3") = 2469.1 &+ 3.7(stat.)*] 3 (syst.) = 0.2(PDG) MeV.

Fitted masses agree with PDG
2533 MeV(PDG : 20.4 + 1.7 MeV)
h(DY) = 5.973Y(stat.) 5 (syst.) (CLEO: 2.74% (1)

Roughly consistent with pure D-wave (h=3)

N(DY) =532+7

+ 0.2(PDG) MeV,
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Excited charm mesons: Dsi+

® Dsi+ —> Dx+(both decay channels ) with _K° —> 1+ 1t- Z \ sz ) E
. B R O ¥ T U=~

Dsi- —> ( D+ with Kx) g7 /| ML -0t

e To extract Ds:+ yields and properties: fit using 5 ++'+ f'-.*;*_ﬁ;_u};.i+-+-{-ﬁ+++ﬁ*;“+g
. w0 3
simultaneously values of M(D*° K+) an NN )

M(D™KD) = AM® + M(D™) g + M(K)ppg (GEV)

T T T
N(D;,) = 136 £27

M(D=+ K° ) 1in four helicity intervals
® Clear Ds1(2536)+ signals! Measured Dsi+ mass in good

Ay E
agreement with the world average value! E
L% Ty — 9rar Rrt0.4d o, ] T 117 2 MeV 22 2::‘36 BT R Y R V. R VTR v 2‘57
M(D]) = 2535.577; 7 (stat.) £0.10(syst.) £ 0.17(PDG) Me\ R e
final state D**K? DK, T panaanin

- %

Signal yields L., /

N(D%) | 100+13 | 136 +27 . o

Fitted D, helicity parameter: h(Dy) = —0.74"0 13 (stat.) 008 (syst.) ‘”;-W_._;«.vif‘ ;":.‘

B YY)

Inconsistent with pure 17 D-wave (h=3)

Barely consistent with pure 1" S-wave (h=0) — Significant S-D mixing 11



Branching ratios and fragmentation fractions

B
D3V Dta— )

o = 2.8 4 0.8(stat.) 102 (syst.) 2.3+0.6 (PDG)
D3V D* T g

Bp FoDOKt y \ R .

T - = 2.3 £+ 0.6(stat.) £ 0.3(syst.) 1.27+0.21 (PDG)
D}, —+D**KY ’

Assuming I-spin conservation for D}, D3’ and Bps pego+ Bpt puog+ =1 yields

fragmentation functions and strangeness suppression of excited D mesons

fle = D})/fle = DY) = 0.31 4+ 0.0670 0

f(e » DDA fle = DA fle = DI
ZEUS | 35+0475 | 3.8+£0.7752 [ 1.11+0. 1(3“““‘

0.6 —0.6 0.10
OPAL 2.1+0.8 09.2+26 1.6 +0.4+0.3
ALEPH 0.94 + 0.22 + 0.07

= Frag. fractions for excited D mesons in ep and e¢"e~ consistent
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Search for radially excited charm meson D+(2640)=+

D*% — D+ m+ m-

® combining each selected D#+ candidate
with two additional tracks with opposite
charges.

® No radially excited D*72640)+ charm

meson observed.

Upper limit:

f((_"_ S D*H_J . BD""F—FD""'W"'W_ ‘3: “—l(}?: (95‘/?& C‘L)

OPAL result: < 0.9%

D*"+ sjgnal window - theoretical predictions
solid curve - fit background ,

shaded histogram - Monte Carlo D*"+ signal,
normalised to upper limit on top of the fit.

Combinations per 5 MeV

200

150

100

50

| —— background fit }

i MC signal normalised
— g

+ 175 F ]
- | | | | | 1 | 1 1 -
2.59 2.64 2.69
1 | 1 1 1 | 1 1 1 | 1

T | T T T | T T T | T
e ZEUS (126pb™) A

--=-fit interpolation

to upper limit

} 200 1

24 2.6 2.8
M(D*rim) = AM® + M(D™),q (GeV)

13



Motivation for study KOsKOs resonance production

m The SM allows glueballs (gg), hybrids (gqqg) and mixed states

m The scalar meson sector (J"=0%) has too many established / = 0 states:
,(980), f,(1370), £,(1500), 7,(1710)
only two can fit into the gg nonent

m Lattice calculations predict that the lightest glueball has J”“ = 0" and
mass in range 1550 — 1750 MeV

m It can mix with qq (I = 0) states close in mass

m f,(1710) is considered to be a possible glueball candidate

m The K,°K.? system can couple to J” = 0" and 2*

Phys. Rev. Lett. 101, 112003 (2008)

14



KOs mass distribution for events with = two KOs candidates

e ZEUS data 1996- 2007

e Signal window for M(K0sK0s) analysis:
481 <M(mt+m-) <515 MeV

® No. of KOs candidates in signal window ~
1,258,400

® C(lean KOs signal; background ~8%

Cuts:

e pT(K0s)>0.25 GeV

e 2D Collinearity angle <0.12 rad; (angle in xy-plane
between KOs momentum vector and vector defined by
interaction point and decay vertex)

e |Zvtx| <50;

ZEUS

nnnnnn

M(KPKY) = 497.49 MeV
consistent with PDG

o =4.1 MeV consistent with
detector resolution
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KOsKOs mass spectrum (incoherent fit)

Fit (as in L3) to background plus
Incoherent sum of 3 modified
RBW resonance, R, of the form
M.T,

(M —m?) + M}

F(m)=C,

representing the peaks
f,(1270)/a,(1320), f,(1525), f,(1710)
Cr = Amplitude of resonance R
M, = Mass of resonance R

I »= Variable width of resonance R

m = KK invariant mass
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KOsKOs mass spectrum (coherent fit)

e KOsKOs invariant-mass distribution was reconstructed by combining
two KOs candidates selected in the mass window;

M T of all resonances — free
parameters in the fit.

Bottom plot background
subtracted M(K."K.") spectrum
with fitted BW functions.

Good fit y?/ndf = 86/97.

due to destructive interference

40584820 ~ 5o significance
" Fit without £,(1710) strongly
disfavoured »?/ndf = 162/97

Peak around 1.3 GeV suppressed

between and

Dip between

and is well reproduced.
No. of fitted events:

Combinations/15 MeV
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Results

ﬁFlT No 111t{_~1l'h‘_1'v11{'v lnr{*r_hl*.l'{;u{ £ PDG 2007 Values
x° /ndf 96 /95 86,97
in MeV Mass Width Mass Width Mass Width
- - . sy ; Tar oFal
BO2T0) [ a0y 46 | 11 | 1208510 [ 176517 [1275.4 4 1.1]185.2755
a2{132[}} 1257+ 9 114 +14 |1318.34+0.6| 107+ 5
f2(1525) [1523 £ 372 | 71 +£57 [1512+37,5| 83+ 97 1525+ 5 7378

Fo(1710) 1692 £ 670 (125 £ 1270 ] 1701 £ 512 [100 £ 247, 1724 £ 7 | 137 £ 8

For fit with interference:

m a,(1320) mass below PDG value. Similar shift, attributed to destructive
f(1270)/a,(1320) interference, seen by Faiman et al.

Widths of all observed resonances close to PDG values
f,(1525), f,(1710) masses below PDG; uncertainties compatible with PDG
One of the best 7,(1710) reported signals: 4058+820 events ~5 s.d.

—
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fA1525) and 7(1710): mass and width

f> (1525) summary

ot e p ZEUS e —
—————i Central p p Production [ —
- e*e” experiments -
o K-meson experiments i
1 PDG 2007
1o | I P Y B

1510 1520 1530 60 . 80 IQO
mass (MeV) width (MeV)

fo (1710) summary

—— e*e” BES Collab. .-
— e"e” other Collab. .
— el — p p, T p experiments —og—t
1 PDG 2007
L I L1311 1 I 1 1 I 1 I 1 I 1
1700 1750 50 100 150
mass (MeV) width (MeV)
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Summary

Sizeable production of the excited charm and charm-strange mesons was
observed in ep interactions.

Measured masses of the D9, D>#9and Dsi+ in reasonable agreement with
the world average values. D:o width 53.2 MeV above PDG 20.4 MeV

measured D:¢ helicity parameter h=5.9 consistent with prediction for pure
D-wave.

Ds1+ helicity parameter /2 = —0.74, inconsistent with prediction for a pure
D- or S- waves. Suggests significant contributions of both waves.

Ratios of dominant branching fractions are in agreement with the world
average values.

Fraction of ¢ quarks hadronising into D:9, D>#90or Dsi+ are consistent with
obtained in e+e-, agreement with charm fragmentation universality;

No radially excited D*72640)+ meson was observed.

20



Summary(2)

Observed three enhancements corresponding to f2(1270)/a2(1320),
f2(1525) and fo(1710) ;

fo(1710) with 50 significance, has mass consistent with glueball
candidate.

e No state observed heavier than fo;

Masses and widths of 2'(1525) and fo(1710) consistent with PDG;

21



Evenis / 30 MeV

Backu P- L3 ete- LEP experiment in two-photon collisions
Phys. Lett. B501, 173 (2001)

They see 3 distinct peaks over a low background and
attribute them to 7,(1270)/a,(1320), £,/(1525) and 7,(1710)

. — Spectrum dominated by the formation of
1528 L3 the £, (1525) tensor meson

f(1710) signal of ~4 s.d. is seen

Maximum likelihood fit with 3 BW

Functions plus 2"d order polynomial

f,(1525) parameters consistent with PDG

.8.-.8

.3-

20 | -\ f2(1270)/a>(1320) | f3(1525) | fo(1710)

; L Mass (MeV) 1239 + 6 1523 + 6| 1767 + 14

o LRt o | Width (MeV) 78 + 19 100 £+ 15| 187 £ 60

15 2 5 Events 123 + 22 331 4= 37| 221 = 55
m(KEK?) (GeV)



Backup- 7ASSO yy —>K+K-, KOsK0s

Phys. Lett.B121,216,1983

n
+ L KK
;_m ay; "'“ TASSO
el 1™ & | —
' }-:-.I"fh_ S N
S i?_:fj
l; 'I‘Iull IFr I1I'il I?
T LR TF

| Results interpreted by interference
| effects between the 3 J7=2*
] resonances f,(1270), a,(1320), f,'(1525)
1 For the same spin-parity, production

amplitude is sum of 3 coherent BW's

» C,-BW(f,(1270)) + C,-BW(a,(1320))

+ C, BW(f,(1525))

1 According to SU(3), sign of 2nd term

is + for K'K"; - for K9K
Faiman et al., Phys.Lett. B59, 269 (1975)
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Backup- Coherent 2+ states

f2(1270) a2(1320) f5(1525)
[sospin 1 0 0
Quark content (uﬁ —|— dcf) / V2 (ut — dd) / \/_ SS
T o e 2 2 1 1 1 1
Charge factor (q 3 + 2 3 .%)2 S5 — 33 5 33
Amplitude ratio Ci=5 Cy = — Cz =2

=> The appropriate function to fit the M(K;°K.°) spectra for an
electromagnetic production process assuming SU(3) symmetry is
H.J. Lipkin, private communication

F(m)= a[ -BW( f,(1270))- :aa-Bw\fx-i'('f;;rE(1320)‘)+2-]3&7»3’(93(1525))]2

+b [B\V(ﬁj (171 0))] + ¢ - background

a, b, c are free parameters v \/F_
BW is a relativistic BW amplitude: BW(R) = -

M:;—m*—iM,T,

24
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