B University  Particle Production at ZEUS

& of Glasgow D H Saxon
University of Glasgow
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Charm fragmentation and F ,*

Excited charm and charm-strange mesons

Baryons decaying to strange particles

KK Bose Einstein correlations, f°(980)

D H Saxon. Trento, February 2008 1



Integrated Luminosity (pb™)
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e*; pp collisions at 300-320 GeV

ZEUS 0.50 fb-!

HERAL:

etp 115 pb!

ep 17 pb-1
HERAII (polarised e%):
e*p 182 pb!

ep 190 pb!



Lab Frame

Breit Frame Breit Frame

DIS particle multiplicities: use of Breit frame

DIS event
e e
( ) AN >

e

Current

e Breit Frame definition:

¢ “Brick wall frame” incoming quark
scatters off photon and returns along
same axis.

eCurrent region of Breit Frame 1s
analogous to e*e".

Target
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Breit frame current jet multiplicity v Q2

ZEUS 1994—97
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Gluon radiation, Q and Eg

reit

Soft Contribution Hard Contribution g

; e
< t_ g \
——0, 9
QCD Compton

¢ In hard and soft processes gluon radiation occurs

® These gluons can migrate to target region

¢ Total energy in the current region of Breit frame and multiplicity are
decreased due to these migrations (Q? is not)

e Effect is more pronounced for low Q? : more low energy gluons
® Must use 2*E

* . . + -
sreie aNd 2N, for comparing with e*e

N<N

; expected
No migrations: g, = \/g With migrations: <\/§
Breit
2
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K
<ng> VSs. 2*E

® Measurement of multiplicity
dependence on 2*E compared

current

to previous ZEUS measurement vs.

Q

o2*F gives better description of
multiplicity at lower energy

®This approximation of invariant
mass partially takes into account

the real distribution of the particles.

e[ _epto prediction slightly above
Ariadne

eCurrent region understood, would
like to use some energy scale to

compare target region for ep to e*e

N
<
3]

c

V14

10

8

urrent

ZEUS

| 'V ZEUS 94-97 Current Region Breit Frame (vs. Q)

- @ ZEUS (prel.) 96-97 Current Region Breit Frame

12

Ariadne Current Region Breit Frame

Lepto Current Region Breit Frame
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Visible multiplicity in Breit and hadronic
centre of mass (HCM) frames

Visible Part
1 |

eHCM Frame: We see a
bigger number of particle in
the detector than in the current
region of the Breit frame

ePhoton region dominated by
contribution from target region

of Breit frame (~80% of
visible hadrons)

eProton region unseen in
detector

"Current Re
‘Breit Fram

-\

All Hadrons

Proton remnant

-6 -4 -2 0 2

6 8 10 12

Visible Part NLaB

FPhoton Regio
'HCM Frame

N\

All Hadrons

Proton Region
HHCM Frame
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<n,>

<n.,>:ep (Breit, Y*p c.m.s.) v e*e" excludesK®, Adecay
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products

2*<n > for ep

Breit frame:

Closer to ete if
2*E used as scale

current

— black dots

Y*p c.m.s. current
region:

close to ete” over wide
range using W as scale
— blue dots



ZEUS: M, using best part of central
tracker

Exclude scattered

-E;ZOB Gg{})j electron

Use best angular range
for counting tracks

JL

Use same angular range
in calorimeter for

M2 ;= (£ E — (2 p)?

almolE| =
g

D H Saxon. Trento, February 2008 9



Current region Multiplicity Distributions
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Scaled momentum spectra in the current
region of the Breit frame

Complete Hera data 0.5fb’!
160 < 0% <41000, 0.002<x<0.75
+ earlier data 10<Q?<160 GeV?

Tracks: pp> 150 MeV/c Inl<1.75
Histogram x, = 2p(Breit)/Q
Current region only

excludes K, A decay products

Depletion at low x,, (high In(1/x)))
due to destructive interference of
soft gluons
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Comparison to MLLA predictions
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Scaling
violation 1n
fragmentation

X, = 2p(Breit)/Q

As expected, 1/c dG/dxp
rises with Q? at low x, &
falls with Q= at high x,

High x, data have more

variation than predicted
by MC
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Scaling violation
compared to
NLO+FF
predictions
based on ete”
data.

Data log-slope
steeper than theories
at all x,

? Is difference due
to different b-
fraction?
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Scaling violatio

in fragmentation

ZEUS, HI, eteall
in good agreement
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KO AY, /_\0 production
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d

a) Hard scattering of ssea
quark

Y
q %5?
i

c¢) Parton pure fragmentation

(= |

DIS and
photoproduction

Reconstruct using central tracking detector

——

b) Boson-gluon fusion

(BGF)

>

»
—_—

d) Heavy quark decay

(C Liu)
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K" production in DIS
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0.6 <plB <2.5GeV
MABl < 1.2

Two Q7 ranges, 0.02< y <0.95

General agreement with MC

No glitch at Q% =25 GeV?—
data sets fit smoothly together

Not possible to tune (s/u) ratio in
either Ariadne of Lepto.
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K in

photoproduction

0.6 <ptAB 25 MMABl < 1.2
0><1GeV?, 0.2<y<0.85

2 or more jets with
EJ>5GeV and Il < 2.4

Excellent agreement with MC

% 8 14000 |- I |
© o
a < 12000
g I 3
@ 10000
SRS E +
T 10! 8000
el )
© 6000 ¢
® [ ]
4000
2000
| o Lot |
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20000 —PYTHIA

15000

10000

K3

Photoproduction

5000

Figure 7: Differential K§ cross sections as a function of PEAP, 7B and .CC,?BS;
in the range 0.6 < PEAB < 2.5 GeV and |n**B| < 1.2 for events with Q? < 1 GeV?,
0.2 <y < 0.85 and at least two jets both satisfying Eﬂ;ft > 5 GeV and |7t < 2.4.
Statistical errors are shown, unless smaller than the point size, together with the
systematic uncertainty arising from the trigger efficiency added in quadrature. The
uncertainty arising from the jet energy scale is also shown (shaded band). The
solid histogram shows the prediction from PYTHIA (with multiple interactions),
normalised to the data.



(A=A)/(A+A)
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No evidence for polarisation
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(N, +N) /N2

(A+/_\)/KOS: photoproduction
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L
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n s ® E
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l Laviyl P I
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LAB

m 4 ZEUS 121 pb™!
== PYTHIA

B E_Jet/E Total < 0.3
A E_Jey/E_Total 5 0.3

Photoproduction

Define 2 event classes:

Fireball depleted. For jet of highest
E;, EJ?VE @ > ().3:
baryon/meson ratio agrees with
PYTHIA

Fireball enriched. For jet of highest
E;, EJYE 0% < (.3:
baryon/meson ratio well above
PYTHIA

Suggests new production
mechanism. Excess also seen in A
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DIS: p, 1; d, c_z’,t production
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Identify low-momentum charged particles by
dE/dx in CTD.

Eliminate background by demand tracks come
from production vertex

anti-d: physics beyond standard fragmentation
Nothing heavier than ¢ seen.
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DCA (cm) DCA (cm)
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; Ii
i3 2 40 12 334 %% 3210412 3 4
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Results for
0.3<p,M<0.7

40 CTD hits —
limits In|

xy-dist of
closest
approach
after cut
IAZI <1 cm
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Ratio

Ratio

DIS: p, 1; d, c_z’,t production

D H Saxon. Trento, February 2008

ZEUS 120 pb™
% 06 (a) - 06| (b) N
@ 1
p/p=1.05+001713 zoa[ 1 4 04 R
~ 1011 Hoo2 02
d/d=031+0051506 % : Lt %
1 10 10? 10° 10% 107
Q? (GeV?) X
ZEUS
@ * dip (ZEUS, Q%>1GeV?) Coalescence model:
102 ° d/p (ZEUS, Q°>1GeV?)
‘ S d? o (d) d (2) cr (n)
s Y . Aa's 3 1 T l:”.'fr i
10 o hﬁ 1’?1} ‘f % i — B, (1 P )(1 )
o 0.3 0.35 04 0.45 0.5 0.55 0.6 0.65 0.7 _
p,/M EXpGCt B2 (d) = B2 (d)
2
15 (b) ° plp(ZEUS, @*>1GeV?)
* did (ZEUS, @°>1GeV?) )
. — g v 53 Find By(d)=3.32+0.34"]13
0.5 o —
00.3 0.35 04 0.45 0.5 0.55 0.6 0.65 0.7 B2 (d) O. 89 _ O. 14_0'20
p/M

23

o e

Tl T ala



Combinations per 0.5 MeV

Charm production
D**, D+, D°, D *, A*_observed
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100

DY — Kmt* with and without
D*+* — DVt* tag

ZEUS
— (a) e ZEUS (82 pb™ ]
°®
>, —— Gauss™ + Backgr.

Without AM tag
Reflection subtracted

1.5<Q°<1000 GeV*

0.02<y<0.7 ***teees,
pT(D°)>3 GeV
m(D%)|<1.6 N""*(D°% = 7996 + 488

- () N

With AM tag

N™(D% = 1970+ 78
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D*—

ZEUS

No
vertex
cut

210000
8000

6000

Combinatio

4000

2000

\I\|I\I‘\I\|\II‘I\I|\II|I IJ:

— Gauss™? + p1

ep—e+DF+ X

Combinations / 10 MeV

ZEUS (prel) 135 pb? HERA II
N(DY): 4421+ 341

* SKnn

‘\I\|\II‘I I|\II|I\I¥

ing a

Cut

i
~r

-
L

1.75

pr(D) and x
distributions for
D0 and Dt

Fair agreement
with (NLO +
fragmentation.)

Can extract F,

ool b by by Loy by e 1 H

|

— Gauss™ + pl
® ZEUS (prel) 135 pb™
HERAII

HJI!II‘IIIIhIIIhIIIhIHl!IIJ|I
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Using decay
length
significance
cut

\Illlll‘\l\llllll‘\\Illllll‘l\l\lllll
1.8 1.85 1.9 1.95 2 2.05 21 S D L>3 q.’? 1.75 1.8 1.88 1.9 195 2 2.05 2.1
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ZEUS D> Km zEUs
— T T T T T T ‘ —]  — T T T TTTT | T T T TTTTT | T T T TTTT
E ep—e+D'+X — = E 7 ep—se+D'+X
= - . < ohl
9 1= ®  ZEUS (prel) 135 pb HERA IT__ | £ 3 _—l—.—l— . IZ;;;(ID; el) 135 pb™ -
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eanen g TR : ¥ .
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Pr (GeV) X
— . . . . . . T T T TTTT ‘ T T T TTTTT | T T T T TTTT
2 | - ﬁl{}sf ep—se+D*+X —
3 1= ep—erDI+X — o E e ZEUS (prel) 135 pb? - 3
= = ®  ZEUS (prel) 135 pb” HERATI = = HERA I =
.E — NLO + Fragmentation ] _s — NLO + Fragmentation —]
_ = | - beauty contribution (RAPGAP) —| =] B === beauty contribution - ™
o L | S b (RAPGAP) _
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=] % I . _ = —
S10° = = R =
8 = = - H —
— i I~ S ]
mp— 1 [
I E ; = 10 = . —
— ITessm= [ — — psssssmn =
-2 1 E 1 1 1 1 1 ‘ 7 1 | ‘ 1 1 : L1111l | T | 1111 IT
10 -4 -3 2 -1
4 5 6 7 8 910 D* 10 10 10 10
P (GeV) X

N
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Arbitrary units

, HERA F,
Fragmentation & F5°°(x) ‘. T T B TV

01 T sovos 4% % H (prel) HERA 4l (VTX),
e ebooey  © ZEUSHERAT(DY)
o 28 =0.00007 o ZEUS HERA I (D%, D", DY)
—T e IS A s s s e s e 10 ( ) ZEUS(prel)HERAII

s
—
L]
=L
e S
i
[—y
=
=)
T T
' A v A v
s '
b L ‘.
! [ " [
" 1 L1
£ [ i
v 1
\ o
3 W '
\ 1 | I
' v
»
|
(=]
=]
—
X
=
'

ZEUS(prel.)120 pb™! : z=(E+P) ,/2E,,
H1(prel.) : ZEiE+P|_Jn. Ly ([E+P)

ARGUS :Vs=10.6 GeV, z=Pp/(Epump)'~
OPAL : Vs=91.2 GeV, z=2E_/Vs

CLEO :Vs=10.5 GeV, z=Pp/P .

BELLE :Vs=10.6 GeV, z=P /P, _

ocaln ® D*l « D'
- x = 0.00018 (x 4'°)
x = 0.0003 (x 4'%)

x = 0.00035 (x 4'%)

<4 0

[
=
o0

T 1T IIII|

x = 0.0005 (x 4
x = 0.0006 (x 4'%)

i
|
(=]
g
—
x
=
S
LU LIl

I Ll
i
il
e
=
i
—
=]
un

x=0.0012 (x 4°)
_ x=0.0015 (x 4%

—
(=]
=
HIII‘

 x=0.002 (x 4")

x = 0.003 (x 4%

- x = 0.004 (x 4°)
) W )
"_...—-—DS-—"' X =0.006 (x4)

S
—_——
-
b
L |
1'||||.|||.||
"
<
W
T
[l

0 0.2 0.4 0.8 0.8 1 B x = 0.008 (x 4)
10 i oS 9 g x=0.012
- s B
2= {E+PHD™)2E(et) . MRST2004FF3 _o.¥=002
101 *4) 3 x-0.03
: I ; o
OPAL includes : | % oy
g — ccbar. Subtract b — ¢ 1 10 10> 10°
Q* (GeV?)
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Combinations per 8 MeV

D* —omt0 —K*K- A — pKTt* signals

ZEUS ZEUS
BOD T I > 4500 T .
+ } H", g 4000 +++i+"+'*;“-+j+j_* U(*{t\w
| L = +
500 {JI *'.I 2 oo I T;t*?i*"’h*“if—hﬂ
i ﬁ_(\/ﬂ .f'll '% £ * ZEUS 1899-2000
#00 “ U_H/+ II". § S Reflections subtracted

i~ ospp | — Gauss™? + Backgr.
=2 ® ZELS 18982000 : 130 < W < 300 GeV, Q° < 1 GeV*
Reflections subtracted *{u

FaRa p{AYA) >3 B GeV, [n(AYA])| <16
— Gauss™? + Gauss™9 + Backgr. i
130 < W < 300 GeV, Q% < 1 GeV®
p (D%, D%) > 3.8 GeV, [n{DED%)| < 1.6 1000
1Bg N(DE) = 1102+ 83
500
N(D*) = 239 £+ 63
0 | | 0 | |
1.8 1.8 2 22 2.3 2.4
M(KKz) (GeV) M{Kpx) (GeV)
M(KK) within 8 MeV of ¢ mass dE/dx info used for particle ID
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1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

0.0

Py
Ts:

Charm fragmentation parameters

o

R, ratio of neutral/charged D production (not via D*)

fraction of D* produced in vector state (naively 0.75)

strangeness suppression factor

D H Saxon. Trento, February 2008

:_ .Ru.urd ; E Y ? f vf(c - DO) E
ol * AP, 05F Y ®f(c—D) ]
- é a ®. | . M f(c—D")]
o B 0.4:— Af(c—-D) ]
- - 03: * f(c—AD) ]
- A ] S0 ]
— A A - - * ]
- A ] - .
- + . ook @ & ? &~ 3
e © o ¢ B 01F & i -
- (a) 1 - % (b) -
- . 0.0 —F=1 .

al & o & al & o

) 2 o +$ “ g » 4 O ﬁ

E m = o o é N T

A, enhanced
relative to e*e”

cf A in resolved
photoproduction
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do/d@® (nb/GeV?)

D** production: 0.05 < 0? < 0.7 GeV?

Measure recoil electron in Beam-Pipe Calorimeter:
covers transition photoproduction to DIS

ZEUS ZEUS
1 LA A 5 A AL IR IR IR
] £
vF ep->D'X 3 s yp—D X
; 5_ N @103k N =
8 f ° t
1 i1
0 E E =
2 ] o )
10 ® ZEUS BPC E 10° F ® ZEUS BPC E
s O ZEUS DIS 9800 O ZEUS DIS 98-00 ]
10 = —— HvaDIs E O ZEUS Photoproduction 96-97
10" L }
-I III Il¢ 1 IIII IIIII 1 1 111 IIIII 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII
107 1 10 10° 2 2“’3 10° 10?107 1 10 10° 10°
@ (GeV) Q? (GeV?)
Yp —D*X: fit to Fit M? =13 £2 GeV? ~4m?,
co(0?) = SM?/(Q*+M?) cf inclusive
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Excited charm and charm-strange mesons

Spectroscopy of D mescns

ZEUS:

MeV[ L=0 L=1
D1(2420)0, D2(246O)0 — D**ﬂa_ ZBOO- P _ o 4- o+ i+ b o+
D,(2460) — D*T - -

26001
D, *(2536) — D**K", '
D, *(2536) — DOK* 2400

22001

Aim to measure masses, widths,
fragmentation functions, helicity 2000/ 7 D4 o S—wave
i Wy~
dependence i & e P or D—wave

18gp

D H Saxon. Trento, February 2008 30




Excited charm and charm-strange mesons

500

Combinations per 4 MeV
[ #]
(=]
[

700

60D

ZEUS

]
® ZEUS (prel.) 1995-2000
“L Backgr. wrong charge |

" N(DY/BY = 3030 + 340

_[ N(D; /D3 ) = 880 + 170

1 22 23 2.4

25

M({D"™x) = AM™ + M(D"), o (GeV)
I

28 29

— simultaneous fit

-- background fit

B

500 gt

400

300 fif

200

100 N(D; /D) = 580 + 150 """"l-d"'\.fl'fi—.
%1 22 23 24 25 285 27 28 29

M(D*r) = AM™ + M(D*)..o (GeV)
A: D**1see D,(2420)° & D,(2460)°

B:

Dt see D,(2460)°
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m = @
o o Q9

w &
L= =}

iy
L= R = |

Combinations per 4 MeV
] o
=] L=

160 |
140 |
120 |
100 |

ZEUS

C

e ZEUS (prel) 1995-2000
— simultaneous fit
-~ background fit

N(D%,) = 100+ 14

Miﬁwﬁ%ﬁ#

2. 52 2. 54 2 56 2 58 2 E 2. 52

M(D"K?) = AM®™ + M(D"™)p s + MIK")ppg (GEV)
ET ]
] =135+ 27

._NWW«

S ——

25

80

BD

a0 |

20

. 2.'|3'B 2.38 2.4 242 244 2.46 248 2?5
M(DK*) = AM™ + M(D%), ., (GeV)

C: D*K' see D (2536)*
C’: D'K*  see Ds1+(2536)
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Branching ratios & helicity measurements
ZELIS

fle—D%) =3.5%0.4+0.4-0.6 +0.2%
flc »D,*0) = 3.8 £0.7+0.6 +0.2%
flc—=D,;*)=1.1 0.2 £0.1£0.1%

Consistent with ete™ results

o, = angle between T and T, momenta
in the D* rest frame

dN/dcosa ~ (1 + R cos2a))
R(D°)) = 6.1£2.3*20 . HQET: +3

R(DSI"‘) = —0.74+O'23_0‘17 i0.06
HQET:0 — hardly consistent

Search for D*’*(2640) — D**wtm-

f(c—D* HBR(D* *—D*+11+) <
0.45% (0.9% lower than OPAL limit,
56 at DELPHI)

D H Saxon.

A e ] e
D . . .
=140 — ® ZEUS (prel) 19952000 —|— — simultaneous fit —
< -- background fit
Emo
2100
i=)
© &0
=
3
E &
[ =}
© w0

20

0

140

120

100

80

80

40

20 0.5<|cos a|<0.75 " 0.75<cos o<1

o | | | |

22 24 28 28 22 24 28 28

Trento, February 2008

M(D"*x) = AM™ + M(D") 5 (GeV)
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dE / dx (mips)

cooo

Baryons decaying to strange particles
ZEUS

Ine-g'at'ivé éh'a['ge

p, p, K*, K reconstruction:
tracks from primary vertex
dE/dx 1dentification:

— region method
in blue band
and dE/dx > 1.5 mips
and p < 1.5 GeV

(b)

O ~ o=

p (GeV)

K’ —»m'n : secondary vertex. K®p mass resolution 2.4 MeV

p(K°) > 0.3 GeV, |1 (K°) | <1.5
exclude Dalitz pairs, y-conversions
exclude A candidates
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Entries / 0.010 GeV

Entries / 0.010 GeV

Entries / 0.010 GeV

K p mass spectra (A*,X* A_, pentaquark)

ZEUS
16000 : T T 7
140002_ " wnnufn."h“.w EE
= oo f . E
12000 :_ S000E ."‘““...“_
10000 £ Tosnb = .
8000 ke peak= 2285.5 + 2.6 MelV]
= S/B =0.03 ",  width= 55+ 1.6 MeV o
6000 “, events=553 + 219 i
4000 . ZEUS (prel.) 96-00 =
20005 Photoproduction -
1] P R T T R BN L1 3
1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3
2500 — ————
= 1|,|| m ; il
= Tty Evte_ ¥
2000 'y, P ey
- | I|| | 000 L 17
Co I' l”IIII sl . I'.f-
1500 1 Hipg Wy T £ T
C i | peak= 22679 + 1.9 MeV]
o Fit K II'“||||1| width= 5.3+ 3.0 MeV —|
1000__ e Backaround || m events=278 + 67 —
Eo e g S/B=0.12 Hurm, .
— 2 2 iy .
500 — Q=1 GeV i |"'I|||||| —
- "y Hiy ]
0_' I IR RS R S E S T ISR
1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3
Euu f_l | |||| | | T T T T T aca _%
500 ||I| i ||||I||| b ik #*'H ++++ " 13
= | asof _+ 13
E ||| ||||I|H|||| E
3001 I ”iHII' | peak= 2292.0 + 2.5 Mel]
= width= .8+ 3.0 MeV
2001 3 2 } ||IIII iII||I|||| i events=101 + 41 3
= Q°>20 GeV S/B =0.22 BT, 3
100 IIIIII“”'HIH H'II
E. Hy l;,
(1] = I 1 1 I I I
1.4 1.6 1.8 2 2.2 24 2.6 2 8 3
M(K; P(P))

Combinatorial backgrounds higher
in yp (<n_,> higher) & low Q?

Mass peaks:
®*(1520) candidate in DIS

A,(2286) in PHP and DIS

seen equally in Kp, Kpbar
(162436, 11638 ev)

seen equally n >0, n <0
(131440, 145434 ev)

Consistent with y*g— cc
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Entries / 0.010 GeV

Entries / 0.010 GeV

Entries / 0.010 GeV

70000
60000
50000
40000
30000
20000
10000

10000

8000

G000

4000

2000

2500

2000

1500

1000

500

——1

Kp, K+1; mass spectra (A(1520))

- T T — T T
E 36000 —
E . F !A; =
E 34000F 4 1=
= E g Y =
E 320000 " n 173
= L e | T
E 30000F . , - =
E 15 1.55 1.6
E a0 peak=1517.3 £ 0.4 MeV 3
c. ZEUS (prel.) 96-00 idthe T4 0.4 MV 3
E . events=13526 + 567 -
= photoproduction e S/B = 0.05 3
E P RS S B T R S .|...r R T
A 1.6 1.8 2 2.2 2.4 2.6 2.8 3
E——T—— T =
c, 5500 . i . —
[ THa ; .4_.‘ 1]
o 5000F 4 ;o 37
— [l F*7 % f Y 1 -
— 1I|"| F m‘”- 4 11—
_ . 4500 o‘ 4
— II F .. ‘* B —
l 4000F e Mt d T
C ", - 15 155 5
— Fit peak= 1517.1 0.5 MeV  __|
- width= 6.6+ 0.6 MeV' -
— ----Background evants=2658 + 199 .
— OP>1 Galr? S/B = 0.07 —
P R S EPY Py e ety OO BRI |
A4 1.6 1.8 2 2.2 2.4 2.6 2.8 3
——— ————— ———————————
_—ul I
:I |||+| '1200_&*,”* J 7
= tooof T ] 3 3
- IM : *¥H*F¢ 13
— o Fryd 14
C |,|“|4 800 o W =
—t I " L 1 —
E “"|”|I 1.5 155 1.6
= "'".*,+“ . peak=1517.5 t 1. MeV
F "y width= 6.0+ 1.8 MeV 3
= B PR events=313+ 83 —
= Q*>20 GeV S/B = 0.04 -
C A P S TR R i et e S WP R T
4 1.6 1.8 2 2.2 2.4 2.6 28 3
M(K p)
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Mass peak:

A (1520) in PHP and DIS
seen equally in Kp, Kpbar
(1207£143, 1402+142 ev)
seen equally 1n>0, n<0
(1337151, 1246+127 ev)

Consistent with y*g— gg
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Entries /0.010 GeV

Entries / 0.010 GeV

Entries / 0,010 GeV

1000

5ig .

1200

28é

400
200

ao

A’t* mass spectra (E,X%)

ZEUS
E T T T T
E -~ F3000ER (Ko 407, 3
E_ :m" azoonf w‘ﬁ E
:_ d F1000E w |
E oo N'\ 3
E 28000k M
= TR LE:] TAR
£ - JZEUS (prel) 96-00 :
§_ photoproduction E
Ef v v v b e L e B
2 1.4 1.6 1.8 2 22 2.4 2.6 2.8
R
= b 4200
E- .‘*..,,ww soooky ud 4 4 3
z_ . u, 3so0f L] & E
:_ b \ 3000F =
E 32000
E s ™ : T [0 . i
= L] —_—r
E T imar=ar s si —
E k= 17933 £1.3 MeV
== ----Background i:m: !.Eitf.ﬂl!t: =
I evenis=870 1 129 =
E o1 GeV’
E 1 1 1 1 1 1 1 1
2 14 1& 1A F] 23 314 28 2.8 3
-y ‘i T T T
= HA, b1
E W y
E o ﬁd“h ++H++{+FI'|}+# +H.'|++ H
= 4 : W
E " X‘V«“ DR . R ¥ ] (5]
E + N
E_+ Jm‘“-"' E
E @ 20 Ge¥’ T =
= i, D
_; 1:‘1 1.Iﬁ 1‘3 2 2‘2 2:4 2.‘5 2:5 -3

M

Observe: E(1320) X*(1385)
No peak in ®*(1520) region

4.40 peak near 1600 MeV for

02> 1 DIS: X(1580)? £(1620)?

ZEUS
= B e N LNLA I e e o e B ™ T T s
Sl . ze0s o000 ‘ (@  Seea- (b) 3

w [ —Ft im ¢
:41111:— ==« Background o ] :41111:— =+ 3
2 I :
Dasof[ - Lasof 3
n [ . m [ . ]
E | candidates: {1 E | candidates: ]
-Eaum_- 1561+ 46 . 'EEEIEII:- 1533 £46 4
azﬁuu ] azsu:- 4
2mf- — 2uuf— —
150f 4 1sof 3
100 4 1omp 3
s 4 =t .
----- F [
I P TR U I AR I | ol

126 128 1.3 132 134 1.36

M({AT)(GeV)

Demand decay vtx:

Combinations / 10 MeV
%]
7

100

50

="(1530)

. ZEUS9600 (a)]
— Fit

{ --- Background Fit

MA49 signal

o
15 1.6 1.7 18 19 2 21 22 23 24

M(=x)(GeV)
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ZEUS

126 128 1.3 132 1.34 136

M(AT)(GeV)

see B — AT, also EF—ET

B0

&0

Combinations / 10 MeV

40+

3o

b
|
| W
+H| EJWWW(

]
15 16 17 18 19 2 21 22 23 24

M(ZzXGeV)



Bose-Einstein correlations: K° KV and K*K*

RIQ,,)
RIQy,)

K*K*

L 2 _ i
< QF = =35 GeW? : | = @ = =35 GeW® .

) s ZEUS {121 pk™)
®  Z7EUS (121 pb™) \

i i = B \ Fit .
3 Fit b i \ i
14 [ — i ]
i
- + - 18 |- \ -
L w- 4
- e \
= % -
12 1
S
"

i J ! 1 .2 14
0.z 1 12
Q,, (KK GeV Q,, (Ks Ks) GeV

K* identified by dE/dx in CTD

R(le) = P(le)/P()(Q12) where Q122 =" (p1—p2)2 = (MKK2 - 4M[(2)
Fit: R(Q,,) = o(14+00,,)(1+ A exp[-r*Q,,%]) where r = source radius, O< A < 1

Measure R(Q,,) by event-mixing double ratio
= { P(data)/P_. (data)}/{P(MC)/P_. (MC)}

mix mix
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Bose-Einstein correlations

KK H—— ZEUS
(this paper)
pERE Hitp- CPAL (LEP
Eur. Phys. J. C 21 (2001) 23
. o DELPHI (LEP
Phys. Legt. B 3?9 (1996) 330
KIKe C—— ZEUS
- (this paper)
Oy -0
- ALEPH (LEP
Keks Phys. Lé{tt. B}E‘.H (2005) 66
k2 et | OPAL (LEP
KeKs Z Phyé_ cé7 (1995) 389
rele | DELPHI (LEP
Phys. Legt. B 3?9 (1996) 330
charged 53 FEUS
pam%es Phys. Lett. B 583 (2004) 231
charged  wea H1
pamges Z. Phys. C 75 (1997) 437
| 1 | 1 |
04 08 0.8 1 1.2

r (fm)

source size & strength

KEK=
L=037+0.07 0%

-0.05

r=057+0.09 %>  {m

-0.08

KK°
h=0.70 +0.19 0038
r=0.63 +0.09 0» ., n

the second contribution to the systematic
error comes from £ (980) resonance.
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@ 1200

=k
=
=
(=]

600

Entries / 50 MeV

400

200

data - MC

250

200 |

150

100

50

350 [

300 F

Bose-FEinstein correlations: KY KV

- (@)

.........

®  ZFEUS (121 pbT)
ARIADNE MC {no BEC)
ARIADNE MC (BEC, A= 1)
Flatté f, distribution (4 %)

e i e S [ S U A U WS TN U W T

® ZEUS (121 pb™)
— Flatté f; distribution (7%)
--- Flatté f, distribution (4%:)
------ Flatté f; distribution {1%:)

0.9 1 1.1

r {:

E B —=_]_ _:‘=+:____ *

Ey =| Lo ety S I v ol o i o Lo Bl [ T e r|=¢=l-r
1.2 1.3 1.4 1.5 1.6 1.7

MK K (GeV)

D H Saxon. Trento, February 2008

£,(980) — KK
M=(980 + 10), T =40 to 100

Mimics B-E correlations

Best fit — 4%

Big errors:

h=0.70 +£0.19 *0287038

r not affected by f,
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Summary

Charged Multiplicities and scaled momenta in Breit frame
Scaling violations compared to LPHD and NLO
Strange Particle production
pr-N.0%x, A polarisation
Antideuteron and antiproton production
dE/dx. Coalescence model
Charm fragmentation and F,*
universality: DIS, photoproduction, ete
Excited charm and charm strange mesons
Production and properties
Baryons decaying to strange particles
dE/dx for K*,p: resonances seen

KK Bose-Einstein correlations
compare LEP, £,(980) issues

D H Saxon. Trento, February 2008
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