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H1, ZEUS : > 100pb~! each

— HERA II

HERA HERA II
1992-2000  2003-2007
/s 320 (300) 320 GeV
L 1.5-10% 7-103 em =2 571
Lins 0.1 ~ 0.5 fb~!
beam spot 150 X 30 80 x 20 pm?

e* long. pol. (~ 60%)

oz~ 1pb = 10° events (L;,; = 0.1 fb™!)
oy ~ 10nb = 10° events (L;,; = 0.1 fb™1)

“QCD explorer” HERA
tests (p)QCD predictions
“Charm factory” HERA

studies charm fragmentation
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Kinematic variables and charm production

e(k)+p(P)—elk)+X s=(P+k)?

o+ e Q? = —q? = —(k — k')?
q Photoproduction Q2% ~ 0GeV?
o wl 7 DIS Q? > 1GeV?
>X W= (P + q)*
p - 2 2
_q¢P~~ W ~ Q
Y= kP s L= 3y

Charm production is expected to be described by pQCD:

e (k) e (k)

c— D?
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Charm fragmentation issues

Important to study

hadrons

Fagmenionprocess——— charm fragmentation to find :

X outgoing parton

Hard scatter

1) What is the proper parameterisation for the fractional transfer of
c-quark energy/momentum to a given D-meson (z) 7
fragmentation function, f(z)

2) Are v and d quarks produced equally 7 R, Jd = 2_"3

g cs
cd+cu

3) What is the s-quark production suppression ? ~, =

4) Are vector (D*) and pseudoscalar (D) mesons produced

as predicted by spin counting ? P, = prs (=0.75 7)

5) What are the relative fragmentation fractions of charm hadrons ?

__ N(D) _ oD
fle = D) = N(c) — Yano(D)

6) Are these functions, ratios and fractions universal ?
compare HERA results with those in eTe™ annihilations
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Measurement of ¢ — D*T fragmentation function

ZEUS

jet axis

v
| g

+ © ZEUS (prel.) 1996-2000 (120 pb™)
—— Fit: Gaussian + A(AM - m,)°

\§\\\

Line = 120 pb~1

Combinations/ 0.5 Me
—

8

N(D**) = 1268 £ 52

8
S

OOA 14 0.145 0.15 0.155 0.16 0.165

AM = M(KTTp) - M(KT) (GeV)

In ete™ annihilations, D** energy is related to v/s/2. In ep ?

1) ZEUS: find jet containing D** and relate the D** energy
to the energy of this jet: Q? < 1GeV?, Pp(D**) > 2GeV, EX' > 9GeV

2= (E+p)"/(E+p)y*=(E+p)°/2E

2) H1, jet method: Q? > 2GeV?, Pp(D*%) > 1.5GeV, EX' > 3GeV
ziet = (E + p)))?"/(E + p)i** in v*p

3) H1, hemisphere method:
Zhem = (B + p|)P"/ Xpem (E +p) inv*p

D* hemisphere
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1/cdo/dz

Bowler and Kartvelishvili parameterizations

Parameters are extracted using MC (PyTHIA or RAPGAP+PYTHIA),
i.e. they are optimized input parameters of the MC simulations

ZEUS
25 o 3 e 3r
e ZEUS (prel.) 1996-2000 N"i [ g C
—— PYTHIA (Symm. Lund + Bowler, r, = 1) o 2 [ e H1 Prel. Data 2000 N [ e H1 Prel. Data 2000
F e PYTHIA (Symm. Lund + Bowler, ro, = 0.5) B S o 25 N
2 F e PYTHIA (Symm. Lund) o - o) L
= o [ © r
< 2 o) 2
— : o~ -
15 [ - -
1.5 + 1.5F
1+ 1: K L 1:_ o
iy : artvelishvili . Kartvelishvili
— MCa =45 — MCa =5.9
i 0.5 0.5
05 BOWler $ _ + 20 band ' + 20 band
o-nluuuluuuluuu 0-|..I...I...I..|
N 0.4 0.6 0.8 1 02 04 06 08 1
0.2 0.4 0.6 08 1
z Zjet Zhem
(1 — 2)" exp(~2L) f(2) o 2%(1 — 2)
1+rQbm2
rg = 1 (default) is preferable a = 4.5 £ 0.5 (H1 jet method)

a = J. 9+0 ¢ (H1 hem. method)

4.0 < a < 6.8 (H1 prel.)
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1/odo/dz

Peterson parameterization: f(z)

1
2(1—1/z—e/(1—2))?

ZEUS
25 = 3r
e ZEUS (prel.) 1996-2000 N i
o [ e H1 Prel. Data 2000
PYTHIA (Peterson) B 2.5_—
2 —----- £=01 . o B
r —— £=0.064 P N RIS . L
......... . WX b L
=
15 |- [
1.5}
T 1 Peterson
A . 0 5: — MC € =0.030
o5 - / . Fit:£=0064+0006 oo ~F N
-t Peterson : : * 20 band
0 1 I L L L I L L L I L L L
ol v 0.4 0.6 0.8 1
0.2 0.4 0.6 0.8 1 2
jet
€ = 0.064 % 0.00670% (ZEUS preL) € = 0.0307 008 (HI jet method)
e = 0.05 (PYTHIA default) e = 0.018 £+ 0.004 (hem. method)
e = 0.053 (LL fit to ARGUS data 0.014 < € < 0.036 (H1 prel.)
by Nason and Oleari)
uncorrected for D** decays corrected for D** decays

NLO fits are needed !
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Charm fragmentation function in ep and eTe™ collisions

ZEUS
n .ﬂ C
= 35 - ® ZEUS (prel.) 1096-2000: EJ* >9GeV, z= (E + p),,./2E"® 'E3-5 - @ H1 Prel. Data 2000
i i | o OPAL Vs=91.2Gev, 2= 2E,.s = E O OPAL
g 3 - O ARGUSVs=10.6 GeV, 7 = py./(Eeam - M+ )¥2 2\ 3:— A CLEO
o) © - ®)
< 25 } =250
R ¥ 0 At
L -
| L Ry L
15 | i 1.5F ¢
C A
1 1 l}
| ;3 5 5"
05 [ i E’L . 0.5F A A
O B | | | | E‘L | | | | | | | | | | | o) O:(|> Ll I Ll 1 I Ll 1 I Ll 1 I Ll (DAI
0 0.2 0.4 0.6 0.8 1 0_2 0_4 0_6 0_8 1
Z
gy g oy Z

no gluon-splitting component in low-energy data

different z definitions

qualitative agreement
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Measurement of c-fragmentation ratios and fractions
D** and c ground states: DV, D;'Z, D= and Aét

ZEUS

W

— Gauss™* + Backgr.

L L s B L B
e ZEUS 1998-2000

Without AM tag
Reflection subtracted

130 < W < 300 GeV, Q% < 1 GeV?
p(D%D°% > 3.8 GeV, [n(D%D%)| < 1.6

N“"9(D%/D% = 11430 + 540
L

PRI SRR B i AN AN A

N R R AR AR R AR AR

With AM tag
N@9(D%DC) = 3259 + 91

Le
LYUNI

17 18 19 2 2.1

M(Km) (GeV)

L L L L L L L B B B B

® ZEUS 1999-2000

— Gauss™ + Backgr.

Reflections subtracted

130 < W < 300 GeV, Q* < 1 GeV?
p,(D") > 3.8 GeV, |n(D")| < 1.6

N(D) = 8950 + 600

o b b b b b b e by by

1.8 19 2
M(Kmtn) (GeV)

Combinations per 0.5 MeV

Combinations per 7 MeV
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2000 [~
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ZEUS
—— ‘
r e ZEUS 1998-2000 b
~L_ Backgr. wrong charge
130 < W < 300 GeV
Q%<1 GeV?

p;(D*) > 3.8 GeV

[N < 1.6
and p(DD°% < 3.8 GeV |
or [n(D°/D%)| > 1.6 1

N2%9(D*) = 826 + 40

— Gauss™ + Backgr.

0.14 | 0.15 0.16 | 0.17
M(Kmrr) - M(Km) (GeV)
ZEUS

e ZEUS 1999-2000
| Reflections subtracted

| — Gauss™ + Backgr. |
r 130 < W < 300 GeV, Q® <1 GeV? ]
pr(AJN) > 3.8 GeV, [n(AJA)| < 1.6
N(AJA,) = 1440 * 220 i

2.2 2.3 2.4
M(Kpm) (GeV)

Combinations per 8 MeV

ZEUS

600 o
500 % —
400 |- -
300 - ® ZEUS 1998-2000 + i
L Reflections subtracted ]
[ — Gauss™? + Gauss™ + Backgr. ;
200 — 5 ) -
- 130 < W < 300 GeV, Q° < 1 GeV ]
i p;(D;,D") > 3.8 GeV, |n(D;D")| < 1.6 ]
100 — o —
L N(D}) = 1102 + 83 ]
i N(D*) = 239 + 63 ]
ol Ll L \ ]

1.8 1.9 2
M(KKm) (GeV)

Kinematic range of
ZEUS ~p analysis:

Pr(D,A) > 3.8GeV, |n(D,A)| < 1.6
130 < W < 280 GeV, Q2 < 1GeV?

“Measured” x-sections:
o.untag(DO), o.tag(DO)’ a.add(D*:t)
o(D7¥), o(D*), o(AT)
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R, /d measurement

R, — ¢t odir(DO*0y (D% —o(D*t)x BR
u/d — g = gdir(DEFE) T o(DF)—o(D*F)x(1—BR)+o(D*E)

_ o(DY—o(D**)xBR __ guntag( n0) B B
o o‘(D:l:)+a'(D*:|Z)XBR — 0-(D:|:)_|_0-tag(D0) s BR = BD*+_,DO7‘-+ — (67.7 + 0.5) %

R, q = 1.100 % 0.078 (stat)*o0s] (syst) To 04 (br)| (ZEUS ~p)

ZEUS yp e
- ZEUS (prel.) DIS f I @—
H+1 DIS : i _ f(c — D%—f(c — D*"))xBR
- € e comb. I—Y-l ~ f(c = DY+f(c — D*")xBr
— 0 - 05 - 1 — 15 - 5  for H1 and ete”

Ru/d

consistent with isospin invariance

u and d quarks are produced equally in charm fragmentation

and what about more precise measurement in DIS ?
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s measurement

__ _2c5  __ 20(D5)
’YS - cd+ci - O.(D:I:)_|_o.untag(D0)_|_o.tag(D0)_|_o.add(D*j:).(1+Ru/d)

vs = 0.257 4 0.024 (stat) "5 018 (syst) o oa (br)| (ZEUS ~p)

- ZEUS yp +o—

- ZEUS 96+97 yp +—o—

- ZEUS (prel.) DIS ——@—

| H1 DIS | = | _ 2 f(c — DY)

- e’e comb. =& ~ f(e— DF)+f(c — D°
0 | | | 0.2 — | 0.4 | for H1 and eTe™

Ys

perfect agreement between measurements

D, production suppressed by factor ~ 3.9 in c-fragmentation

note: excited charm-strange mesons like to decay to non-strange DD mesons
— Lund strangeness-suppression parameter is 10 — 30% larger

than the observable -,
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P% measurement (P? = P, for c¢d/éd mesons)

Pd - v - U(D*i) B Jtag(DO)/BR—}—Jadd(D*i)
v = V+PS O(D*i)+0dir(Di) o J(Di)+0tag(D0)+0add(D*i)

P4 = 0.566 4= 0.025 (stat) "5 09s (syst) 70053 (br)| (ZEUS ~p)

ZEUS yp +o |
- ZEUS (prel.) DIS ot
- HLDIS - fe D)
- e'e comb. I-Y-I - flc = D)+ f(c — D*").BR
B ‘ | | | | | | | B | | L
0.2 0.4 0.6 0.8 for H1 and e"e

d
I:)V

P,# 0.75 = naive spin counting does not work for charm

challenge for fragmentation models:
thermodynamics and string fragmentation predict 2/3

BKL predicts ~ 0.6 for e"e~ where only fragmentation diagrams contribute

for ZEUS ~vp kinematic range, BKL prediction is ~ 0.66
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Charm fragmentation fractions, f(c — D, A¢) = o(D, A¢)/0gs

ZEUS ~p

c— D) =0.217 4+ 0.0147 002 0016

S

fle — D) = 0523 £ 0021 05 02
(
(

¢ — D) = 0.095 & 0.00870:005+0.026

—

¢ — AF) = 0.144 £ 0.02279013+0.037

f

fle — D) = 0.200 & 00090008 =000

- ZEUS yp ot

- ZEUS (prel.) DIS o+ |

- H1DIS H—

- e’e comb. \{

- \ \ \ | \ \ \ ! | ! i ! ! | \
0 0.1 0.2 0.3

f(c—D™)

Combined e"e~ data

0.226 & 0.01070 01

0.557 4 0.02370013

0.101 £ 0.0091943¢

0.076 £ 0.00710:027

0.238 = 0.007 £ 0.003

- ZEUSyp et
- ZEUS (prel.) DIS ——
- e’e comb. 4
T R N K T N S A A N N [
-0.2 -0.1 0 0.1 0.2
0
f(c—>A;)

consistent with universality of charm fragmentation fractions

a half of the difference in f(c — D*") is due to the difference in f(c — A})
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Study of excited D mesons at HERA

“z 2800 . .
: 50 o™ Orbitally excited:
%2600 ””D o5 | o @ 1) DY, D3’ — D**7~ (+ c.c.)
g 1A N
£ 2400 N 7 2) D!, — D*"K" (+ c.c.) = discussion
L TITT //K
2200 / 5 | Search for radially excited:
/ y s
. ‘D™ I+ + et o —
2000 /D/ & 3) D¥t — D*trtr (—|— C.C.)
1800 | @ | | \/D+\ | | | | | |
J 012 012 01 2
ey ZEUS _
e e Dot (Kort)ad (4 cc)
‘» 5000 — ,
g AM = M(D*") — M(D") ~ m,
5 PP >2GeV and —15<n? < 1.5
R In the yellow band under background:
2000 |- .o
7 N(D**) = 31350 == 240
1000 —

0.14 0.15 0.16 0.17
M(Kmrp) - M(Km) (GeV)
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Combinations / 3.5 MeV

Charm-strange Dsil(2536) meson

+ + 70 0 - - 1200 ZEUS
D81<2536> — D* Ks 9 KS — 7T+7T % * ZEUS (prel) 1995-2000 (127 pb™
AM = M(Knrgnsmy) — M(Knmy) — M(m3my) é +
E 800 |- t
N(D7,) =62.349.3 .
600 j +
M(D}) =125342+0.64+05MeV (~ Mppg) i +
ZEUS * .
: o ZEUS (prel.) 1995-2000 (127 pb™) zoo;o‘.«*n“‘” AEITI
30 - —Fit:GaUSS+A(AMeXt)B ol v e
| N(DSB;_'— N DB\__Kg) 6249 0.45 0.475 0.5 OS(ZTE;HA) ((;);/5)
f \ Helicity angle a : between K and 7, in D** r.f,
20 — Fit to a form : 1+ Rcos’
f ‘ R = —0.53 & 0.32(stat.) "0 % (syst.) | (ZEUS prel.)
0] . CLEO (D;,—D*K*) : R=—-0.23")3)
I i i ZEUS : consistent with R =0, i.e. J' =1%
- + does not contradict to R = —1 expected for 17, 2
* AR AR

0 I
2.5

2.55 2.6 2.65

M(D™KY) = AM™" + M(D™)ppe + M(K)pps (GEV)

Belle (recent) : R = —0.70 + 0.03 — mixture of
D and S waves due to interf. with D/,(2460) ?
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Fragmentation fractions for excited D mesons

Using world average for f(c — D*") :

fle — DY) [%] fle = D5°) [] fle = Dyy) ]
ZEUS (prel.) | 1.46+0.187533 £ 0.06 [ 2.00 £ 0.58 10 +0.41 [ 1.24 £0.18705 +0.14
CLEO 1.840.3 1.940.3
OPAL 21408 52426 1.6+0.4+0.3
ALEPH 1.6+0.5 47410 0.94 +0.22 4+ 0.07
DELPHI 1.940.4 47413

1) the same amounts of excited D mesons in e"e~ and ep data
2) situation with f(c — D3") is not clear

3) f(c — DY) is twice as large as the expectation :
vs X flc— DY) =~ 0.3 x 2% = 0.6%
Why f(c — DJ)) is so large ?

Is it connected wih its strange helicity ?
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Strange pentaquarks

M@Qﬁl530 MeV uu d§ @+ .
To<15 MeV K. p Diakonov, Petrov, Polyakov (hep-ph/9703373)

Kfn Exotic Anti-Decuplet of Baryons:

predictions from Chiral Solitons

PENTAQUARK

W =0 =00-00

exotic (S=B=+1) narrow baryon 6" — K'n observed by LEPS, CLAS, SAPHIR

non-exotic decay mode ©% — K'p seen by DIANA, HERMES, COSY-TOF, SVD,
ZEUS, ITEP

negative results from BES, HERA-B, CDF, ALEPH, DELPHI, L3, BABAR, BELLE,
SPHINX, HyperCP, PHENIX and ... CLAS (vp — K'K*n) with 50xSAPHIR

another exotic (S=-2, B=+41) narrow baryon Sy 2T reported by NA49

negative results from WA89, HERA-B, HERMES, CDF, ALEPH, BABAR, ZEUS,
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Combinations / 0.005 GeV

N/5 MeV

w
a
o
T
o
w o
©
—
|
~

w

]

S)
I

N

A

<]
I

® ZEUS 96-00
—— Fit

----- Gaussian
e Background ]
[ ARIADNE MC ]

200

d x?/ndf=35/44

peak=1521.5 + 1.5 MeV 10|

' width= 6.1+1.6Mev g0 JITT
U

100
r events=221+ 48

50|

l °y
1.45 15 1.55 1.6 1.65 1.7
M (GeV)

20 < Q% < 100 GeV?

250[
200[

150}

100}

C ~H1 data
50% — bgr fit
L H1 preliminary
T NN W RN R
M(K<p(P))[GeV]

(p)) observation in ep collisions

ZEUS : best signal for Q° > 20 GeV?

Fit with 2nd Gaussian for (X 7) bump
around 1465 MeV

N =221 4+48, M = 1521.5 £ 1.5 MeV
width compatible with resolution

For BW: [' =844 (stat.) MeV

< signal seen in both charges
NO™ — K%) =96 £ 34

H1 : no significant signal
in particular, for Q? > 20 GeV?

note : L;,;(ZEUS) = 121 pb™!
,Cmt(Hl) =71 pb_l
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O cross section (ZEUS) and upper limit on it (H1)

ZEUS

o SO0 T + . . o o .
& . ZEUS (prel.) 9600 O~ cross section in the visible range:
o 250 ]
k 0.04<y <095 Q° > 20GeV?, 0.04 <y < 0.95
© 200 P, >0.5 GeV
° i <15 pT<@j:) > 05 GeV, ‘77(@:{:)‘ < 15
150} ]
; l 1 I olep— eOTX — eK'pX) =125+ 275 pb
100~ |
sof [ ] ] R=0(0" = K%)/o(A) =4.24+ 09" 2%
bbbl | HERA-B: R < 0.46 %
20 25 30 35 40 45 50
Q2. (GeV?) ALEPH: R < 04%
low momentum dE/dx selection
2 160 ~—— int. window =+ 10 MeV
%1403_ LTEIEEE +int. window =+ 16 MeV H1 prel.
';% 120 A N
X 100F- -
e no contradiction between
@ -
2 60F- ZEUS and H1 data
S 40F , -
20 95 % C.L. 20<Q“<100 GeV larger luminosity is vital
- ] ] L1 | ] ] L1 | ] L1 | ] ] L1 | ] L1 ]
P45 15 155 1.6 165 17
M(Ksp(p))[GeV]
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©T production mechanism in ep collisions ?

ZEUS ZEUS
> 200F T T T T T T - C \ L B B L R BN B
@ K2 P), n-a 3 > 1 — .
8 200 ;Ks (p +P), n-*>0 + = 8 3400 *. KD +K p, n-®>0 —
S 160F } : S 3200 e ZEUS (prel.) 96-00 —
o g S - —Fi .
& 140 1 A . ; + ++ ! & - 1. Fit N
£ = e 3 €S 3000 VTl N & 000 e Background _
g 0F # ZEUS (prel.) 96-00 E 2 - -
3 3 . prel.) 96- E g - .
£ 100¢ — it E = 2800 [ -
o] 80 — — IS B 7
c e L Background = s B .
o 60 2/ ndf =59 / 46 = O 92600 x*/ndf=39/30 $ _
O 40 )pgeak= 1517.4 + 1.8 MeV - O p(_eak= 1515.9 + 0.8 MeV + .
20F width="_7.7 + 1.5 MeV a) 3 C width=  6.20.8 MeV ++
= events=195 * 42 = 2400 —  events=1337 + 151 + "
oL PR T T S S I S SN S T SO T SN T (NN SN ST S SN SO S N S M v b by e b by b by by by
145 15 155 16 165 17 146 148 1.5 152 154 156 1.58 1.6 1.62 1.64
e L I e L L EL L B L I L B BN
0 (0 4+ ] 2400 - E
140 [K (b +P), n'2<0 * + = o = b) KF+Kp <0
120 F- Q%20 GeV? + + + + . = E
- 2200 =
100 - L ) e
- ] 2100 [ =
80—~ - 2000 =
60 |- E 1900 [ =
40 _ — 1800 =  x*/ndf=28/30 =
e ; = e 1176 207w b
20 — width=" 6.1 MeV (fixed) b) - 1700 = width= 6.2+0.7 MeV
C events=22 + 23 ] C events=1246 + 127 + 3
T R R B S B B 1600 B v 1w v v b b T
145 15 155 1.6  1.65 17 146 148 1.5 152 154 156 1.58 1.6 1.62 1.64
M (GeV) M (GeV)
:t L] L]
O~ produced mostly in forward It is not a case for A(1520)
(proton) direction produced in ¢/¢g fragmentation

©F may have unusual production mechanism
related to proton-remnant fragmentation ?
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Search for Ot — Kp (4c.c.)

ZEUS
> : T I T T T I T T T I T T T I T T T I T T T I T T T I T T I:
3 790F « zEUS 96-00 =
S 600: Si + .
o~ - Background E
o C .
5 500
C —
2 -
= 400 —
= s
o ]
g 3oozi -
o = .
O 200p% ¥2 I ndf =76 / 73 -
- peak=1518.5 + 0.6 MeV -
100 M= 137+ 21MeV A
- Q%1 GeV? .
0_ bnd sl L.a..l--u-l--l' "|' L1 | 1 |..|...|"I'"|--|--L-a..|..| |. domal |_
1.44 1.46 1.48 1.5 1.52 1.54 1.56 1.58 1.6
M (GeV)
ZEUS
% 220: T T I T T T I T T T I T T T I T T T I T T T I T T T I T T :
& 200F e EEUS 96-00 =
S 180[ ---- Signal K'p =
< SRR Background =
o 160 -
g 140 1L 2t T T
= 120
LR TR
E a1 B B T
2 - ++ i -
O eofy %2 1 ndf =26 / 33 =
a0k sy, peak=1517.5 + 1.7 MeV 3
o ) 5 = 120+ 5.7MeV
20 Q°>20 GeV? -
0: hedasadlod u..n..l---u"f""’: I :..|"| -------- | P Y .
1.44 1.46 1.48 1.5 1.52 1.54 1.56 1.58 1.6
M (GeV)

For NK bound state,
both [ = 0,1 are possible
I =1: triplet @', 6F, O+

<= search for O — Kp (+c.c.)
no signal

<= no ©"" signal for Q° < 20 GeV?
as well

Does not contradict to
O©*" observation by STAR
with R(OT1/A(1520)) ~ 0.1%
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Combinations / 1 MeV

Combinations / 1.5 MeV

Search for pentaquarks with S = £2

ZEUS
22000 F LI I T T 17T I TT 1T I TTr 1T I TT 1T I TTT I: % 22000 :I LI I T T 17T I TT 1T I TT 1T I LI I TTT I-
r a) 1 = r b) 1
200001 o ZEUS 96-00 ® 3 Z 20000} ®) 3
L — Fit - L -
18000[ J v18000F ]
==+Background /\ S r /\ ]
16000 -| © 160001 ]
candidates : ] o [ candidates : ]
140001~ 81536 + 413 7 EM0C 69222+ 308 -
12000 © 12000 ]
10000f 10000 -
8000 8000 ]
6000 6000} -
4000f 4000[ ]
2000F 2000f -
v by bev b bvvva by o ol ol e B e e et
11 1.105 1.11 1.115 1.12 1.125 1.13 11 1.105 1.11 1.115 1.12 1.125 1.13
M(pTT)(GeV) M(pTt)(GeV)
ZEUS
C T I L I LI I L L L I T : %) : T I T 1 1 L L L I T :
450 . ZEUS 96-00 (a) 4 =450F (b)
— Fit e + ]
400F --+Background = 3 Za00f = .
: : -
350 - S3s0f 3
© ]
candidates : 1 €  candidates: 1
300 1561+ 46 4 Ba0of 153346 3
L ] o r ]
250 3 Oas0F .
200 200 3
150 150F .
100~ 100 3
50 50 .
PRt e el AL N7 LA S A B L i "y L of I M W L T YT LY LT T vl PR "
O- .I 11 I 11 1 I 11 | I 11 | I 11 | I 1 C- 11 1 11 | I .I. 11 I 11 | 11 | I 1
1.26 128 13 132 134 136 1.26 128 13 132 134 1.36

M(ATT)(GeV)

M(ATE)(GeV)

— =m observed by NA49

ZEUS search in DIS, Q? > 1 GeV?

A — pr~ (4c.c.) are well identified
using the displaced vertices

~ 150000 candidates

Combining with additional track
= — A7~ (4c.c.)
<= ~ 3000 candidates
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Combinations / 10 MeV

M (=Zr) and upper limit on R(E;/;’O /29(1530))

ZEUS
ZEUS
||||||||||||||I||||I|||||||||||||||||||I||||||||| > ||||||||||||||||||||||||I|||||||||||||||||||||||| >120 T T T T T T T T T y
L L ) - o (@
250 | =°us30) + ZEUS96-00 (@)-| = | (©) 7 S~ . ZEUS 96-00 = ]
- —Fi { o 6o - SR - =
L ) ] —l L ] — 60— t ]
i ----Background Fit ] ~ [ ] @ i ++++++++++++ +*+++++++++++++++++++m++++ Wb =
L 4 2 r 7 O 20— e NA49 signal ' Bt pity WH,*MW&&?
- - - = +
2001 — % 50 Q*>20 GeV? ] g (b)_
- T C ] S 100F =t
L {1 < - § € ! = .
r A 80— —
i 1 € ] Sk ity it E
L ! Xndf=8a/88 i - . 20— .“ . TR A RTUN -
- | candidates=192:30 . N ] 22 —
L + peak=1533.3£1.0 MeV 4 30 | - ol -t (C);
L 0=6.6+1.4 MeV 4 - J C ! =T .
80[— + 1
100 [o.67 i ; o =
i 95% C.L. upper i | | | | | 1 e " +++++++++++++*+++++++++++++++++++H+M++++ P o4
" oal limit on R 20~ H ﬁ o gt ' ARURTLTRNRRS jﬂmm&
: i o ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ,
B 120|— —
501 . i \ \ \ 1o - @4
L 0.2 E 10 H H wofF =Tt E
i NAA49 signal ] . NAA49 signal 60— ! i i E
i 1 ] i ofF gt ittt Sl
CIII|IIII|IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII O 20? ‘Q*T* ‘ ‘ ‘ l ‘ ‘ t H”‘““H” *LF
15 16 1.7 18 19 2 21 22 23 24 15 16 1.7 18 19 2 21 22 23 24 0 15 16 1.7 1.8 1.9 2 21 22 23 2.4
M(Zm)(GeV) M(Zm)(GeV) M(Zm)(GeV)

approx. the same number of Z°(1530) — = 7" as in NA49
No =3/, signal for Q° > 1GeV* and Q* > 20 GeV?; in all charge combinations

(“3_/; " /=0(1530)) < 0.29 (95% C.L.) in the NA49 signal region

Note: ZEUS studies central production

NA49 covers forward production
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Charm pentaquarks

[ud][ud] ¢ = &

[ud]lds] ¢
[ud]lds] ¢

[ud][us] ¢

uﬂmﬂé ‘V\fllfltl Eil)()llt} ()() (?LCi)

[ds][us] ¢

Nl

[ds][us] ¢
Jaffe-Wilczek (hep-ph/0307341): M (0Y) = 2710 MeV

Such 6" would be too light to decay to D mesons
can decay weakly to O~

[ds][ds] ¢ [us][us] ¢

Karliner-Lipkin (hep-ph/0307343): M (0Y) = 2985 4 50 MeV

[(O0) ~ 21 MeV
Such 0% would decay to D*)~p (4 c.c.)
H1 (hep-ex/0403017) observed a signal in M(D*"p) (4 c.c.) spectra
negative results from ZEUS (hep-ex/0409033), ALEPH, BELLE,
FOCUS, CDF, ...
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Entries per 0.5 MeV

Combinations per 0.5 MeV

1000 T
800 |-
600 |-
400
200 -
O L L L L
0.13 0.14 0.15 0.16 0.17
AM,, [ GeV ]
200007‘\\\\‘\\\\‘\\\\714000 [T T[T
18000 (@) . e ZEUS 95-00 | - (b) D* - (Knmm |
- I 12000 |— oo
back d s, N(@D*)=
16000 — s warlgngrgﬁgrge 7 = 19900 + 250 |
14000 — D o (KT, _]10000 — —
[ ee N(D¥)=42680+350 _| B
12000 - ©") 7 8000 |— ]
10000 |— -
8000 | | 6000 —
6000 :— : 4000 |
4000 — B
= - 2000
2000
o d b e e
- (c) . @>1GeV? - (d) o*>1Gev?
8000 |— — s00- % .
- N(D**) = 8680 + 130 N(D*) =
2500 (— — [ 4830 + 120
L 2000 |— —
4
2000 [~ o, — -
- - 1500 —
1500 |— — L
[ | 1000 —
1000 |— N
500 L | 500
i L | ‘ | | ‘ | |

0

0.14 0.15 0.16 0.17
M(Kmr) - M(Km) (GeV)  M(Kmmg) - M(Kmrey (GeV)

0.14 0.15 0.16

D** reconstruction for charm pentaquark searches

H1 96-00 data (75pb~1)

Q2> 1GeV2, 0.05 <y < 0.7

Pr(D**) > 1.5GeV, —1.5 < n(D**) < 1.0
N(D*) ~ 3400

(for Q> < 1GeV? : N(D**) ~ 4900)

ZEUS 95-00 data (126pb~1)

two D* decay channels:
pr(D*) > 1.35GeV for D* — (K)m,
pr(D*) > 2.8GeV for D* — (Knnm)m,
In(D*)| < 1.6 for both channels

N(D*) ~ 62500, full sample
N(D*) ~ 13500, Q* > 1 GeV*
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M(D*p) in DIS and photoproduction

% 40 — — — T %) 1 T T T T T T T T ]
= ’ H1 = 1007 vp H1 7]
g 30} e D*p+D*p 7 ;) - e D*p+D*p ;
o . —  Signal + bg. fit o Br + [ wrong charge D §
g | -- Bg. only fit g ++ + +
= 20| =
c f c 50 F —
oy = Wttt
101 TisrpelLee L 1L 25 | ¢
N R O P | N 3
3 3.2 3.4 3.6 3 3.2 3.4 3.6
M(D*p) [ GeV ] M (D*p) [GeV ]
Clean signal in DIS Signal for Q? < 1 GeV?
(in both D*'p and D* p) at the same mass

Fit Gaussian 4+ background (2 par.):
N(©Y) =50.6 +11.2
M(©Y) = 3099 & 3(stat.) & 5(syst.) MeV
0(0Y) =12+ 3MeV (consist. with resolution)

visible rate R(0Y — D*p/D*) =1.46+0.32% (prel.) or “roughly 1%”
(paper)
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500

400

300

200

100

Combinations per 10 MeV

80

60

40

20

ZEUS limits on 6! rate

ZEUS
I ‘ I I I ‘ I I I ‘ I I I I ‘ I I I ‘ I I I ‘ I I I
@ | D* > (K, | (b) eZEUS95-00
; — backgr. fit ;; D - (Guyus ;
""" flt |nterp0| MC Slgnal on top

1

of interpolation

3 3.2 3.4

3.6 3

3.2 3.4

3.6

M(D'p) = AM™ + M(D") ¢ (GEV)

yellow signals: MC signals
normalised to 1% of obs. D*
1% visible rate is excluded

at 9 o for full sample
at 5 o for Q°> > 1 GeV?

95% C.L. upper limits:
visible rate R(0) — D*p/D*)
< 0.23% for full sample

< 0.35% for Q* > 1 GeV?

acceptance corrected rate

< 0.37% for full sample
< 0.51% for QQ* > 1 GeV?

flc — 0% x B(6Y — D*p)

< 0.16% for full sample
< 0.19% for QQ* > 1 GeV?
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H1 and ZEUS results on 6! — D*p disagree

ZEUS

:\ T ‘ T 1T ‘ T 1T ‘ T 1T ‘ T 1T ‘ T T ‘ T T
= () e ZEUS 1995-2000, D** — (Km)Ty,
E Q?> 1 GeV?, H1 selection criteria

N
o
I

ZEUS M (D*p) with H1 selection criteria

wrong charge (Kmry
D* MC

— @’ >1GeV?

Combinations per 10 MeV
N N
o o

UM L L L

no signal

(b) Q%<1 GeV? H1 selection criteria

‘\

— (? <1GeV?

1 no signal

e v v b b b by
2.9 3 3.1 32 33 34 35 36

M(D'p) = AM®* + M(D™) . (GEV)

H1 prel. ZEUS ZEUS, (2 > 1 GeV?
visible rate R(0) — D*p/D*) (146 +0.32)% < 0.23% (95% C.L.) < 0.35% (95% C.L.)
acceptance corrected rate  (1.59+0.3370)% < 0.37% (95% C.L.) < 0.51% (95% C.L.)

04is(O2) /o yis(D¥) (2.48 4+ 0.5275 %)%
flc — D*F) x 044(0Y) /ouis(D*) (058 £ 0.12704H)%
f(c — 0N %xB(O — D*p) < 0.16% (95% C.L.)| |<0.19% (95% C.L.)

HERA 1II data can help to resolve the disagreement
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0! production mechanism in ep collisions ?

= 200
= e H1 Prel
5
S 5. RAPGAP
b
©
1ooh%— ‘
g gl
!
l
| | |

-1.5 -1 -05 0 0.‘5 1
n (D*p (3100))

— 500
[ e H1 Prel
xg 400~ . RAPGAP
e L
© 30 ]
° .
200 ‘ _L ‘
100- ‘ T
- e -

Y 02 04 06 08 1
Xops(D*P (3100))

<= fragmentation model : RAPGAP(4+PYTHIA)
with ©) from D;(2420), D;(2460) resetting

- < D*p(3100) production suppressed

in the central rapidity region and

above the model in the photon direction

otherwise the fragmentation model
provide a reasonable description

of D*p(3100) cross section shapes

D*p(3100) fragmentation function
Tobs = (B — pZ>D*p/ D hem (& — D)

<= hard fragmentation function

consistent with the fragmentation model

0! seems to be produced in c-quark fragmentation
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Summary

HERA produces competitive results on charm fragmentation
and pentaquark searches

e Measurements of charm fragmentation at HERA generally support
the hypothesis that fragmentation proceeds independently
of the hard sub-process

e Rates of excited D™ mesons are close in e"¢~ and ep data.

DZE(2536) shows questionable helicity distribution and “too large” f(c — D},

e O — K'p production observed in high-Q* DIS by ZEUS.
H1 does not see the signal that is not in statistical contradiction with ZEUS.
Studies suggest O production in ep related to proton-remnant fragmentation

® no signature of ©*" — Kp that does not contradict to STAR observation

® no signature of =, /;’0 — = although sensitivity is similar to NA49

e H1 and ZEUS results on 0" — D*p disagree.
Using larger statistics, ZEUS does not see a signal observed by H1.
H1 studies suggest ©° produced in c-quark fragmentation
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Central composit

e plate

I %ET

Outlook

Integrated Luminosity (pb™)

225
200 |
175
150
125

100 |

~
(6]

HERA delivered

50 |

25 |

HERA Il e~

HERA Il &*

200

| | | | | ‘ | | | ‘ |
1000 1200 1400
days of running

400 600 800

HERA 1I collecting data
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Light mesons in M(yy) and M (7" 77)

H1 prelim.

H1preim.

3<pr<8GeV, |yl <1

O L e e e e e e e e e ey |
0.2 04 06 08 1 1.2 1.4 1.6
M, [GeV]
4 :
e s H1prelim.
loA
510 L T a*‘a?
8] A
g £
S 102 L "o
£ %
= ™.
S v
= *o
~ F <
'% 1 E ‘ — po -o-'Q'_Y.
= . _ e
._:10_1 i . fn A-_¢_+
~ EW— /o
SO +
— L Y -n _+_
107 ¢ — " published
g —+
10_3 i | L L L L L I |
0.80.9 1 2 3 4 5 6 7 8910
pr + m[GeV]

x 102
8000

4000

dAN/dM [1/GeV]

2000

6000 -

lyl <1

comb.
background

0.7 1 1.251.5

x 102
3000

2500

2000

1500

1000

500

0

0.7 1 1.251.5
M(mtn™) [GeV]

Inclusive photoproduction of
n, 0%, fo(980) and f5(1270) at W ~ 210 GeV

<= Similar behavior vs pyr +m
of pions and heavier light mesons

—> suggest similar production
mechanism in ¢/g fragmentation
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Events/15 MeV

Light mesons in M(K'KY)

ZEUS
Q2 z 1GeV2, 50 < W < 250 GeV %1400 | ZEUS 96-00 +
D [0 Fit
0 8 1200 |
K. are well identified using 1
the displaced secondary vertices —- ol
600 |-
ZEUS "\
| (270013200  ZEUS96-00 | i
60 B ® cos6,, <0.92 ] ;
f,(1525) O cosf,, 20.92 1 0 =5 . Y
——3 B-W + Background | M(t'T) (GeV)

fo(1710) (narrower but agrees with PDF)

20 |- M =1726 £ TMeV, I' = 38*]) MeV

50 | GH1710)  Breit-wigner 1=
i | Background 1 threshold enhancement (f;(980)/ay(980) ?)
f ]
40 ' W 1 contribution from f,(1270)/a3(1320)
s | . | f5(1525) (fit agrees with PDF)
30 ’ \ -

{ { @H% produced in the region where sizeable
10 [ initial state gluon radiation i§ expected

additional hint for large

| S
0%%%%%&%# |

{12 14 16 18 2 22 24 26 28 gluonic component of f,(1710)
M(KIKD) (GeV)
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Combinations / 5 MeV

Combinations / 5 MeV

Orbitally excited P-wave D mesons

350
300

—~~
&b
~

t
4

250
200

+ +
150 +j:‘ij
100 |

50 £ --- Backgr. wrong charge

o \*_
I L*r ‘H‘r # L T +
VLA AL T
el - 4L | ‘HJ‘T‘W\H bg |
: “LP:\L‘ fl *
gy j“HH

e ZEUS 1995-2000
Preliminary 110 pb'1

O\‘\\\\‘\\\\‘\\\\‘

2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9
M(KTTLTL,) - M(KT) + M(D') (GeV)

350
325
300
275
250
225
200
175
150 Ecovn b b bvin by

()

:F\\\‘\\\\‘\\\\‘\\\\‘\\\

23 235 24 245 25

23 235 24 245 25

M(KTtrgm,) - M(KTT) + M(D') (GeV)

DY(2420), D3°(2460) — D**xT

AMt = M(Krrgmy) — M(Kmmy)
2-dimensional fit with fixed M, I,

resolution and helicity distr. :
IN_ 5 1+3cos’a  (17,L+s=3/2)

d cos

dN

dcos

x 1 — cos* (27, L+ s=13/2)

helicity angle « : between m, and 7,

in D** rest frame

N(DY) = 526 + 65

N(D3%) = 203 = 60
Additional narrow bump ?

N = 211449
M = 2398.142.1(stat.) 55 (syst.) MeV

New D meson ? Interference ?
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Combinations / 5 MeV

Combinations / 5 MeV

Search for radially excited D*'* meson

30 - ]
-+ ZEUS 1995-2000 }
300 T Preliminary 110 pb™ \ { {
250 HNMH HH\ H ]
200 ]
150 - ——
50 r 12
L ‘ | | | | ‘ |
2.6 2.65
O ‘ | | | ‘
2.6 2.8
M(KTtrm, ) - M(KT) + M(D') (GeV)
3500 C T T T T T T
3000 f— ' *
E * PYTHIA simulation % E
2500 .
- + .
2000 [~ . 3
1500 | ¢ 3
1000 ? > ‘W,W
500 — / E
o E e
2.4 26 2.8

M(KTtrpr,Te) - M(KTTT) + M(D) (GeV)

D*/:t N D*:tﬂ.—l—ﬂ.—

Observed by DELPHI (~ 50): M = 2637MeV
['<15MeV

CLEO and OPAL did not confirm

<= ZEUS search
AM = M(Krrgmyms) — M(Krmy)

Search window: 2.59 < AM“' + M(D*") < 2.67 GeV
covers both predictions and DELPHI’s observation

after backgr. subtraction: “N(D**)”= 91 475

Using world average for f(c — D*") :

flc = DY) - Bpur—prrpr- < 0.7% (95% C.L.)
(ZEUS prel.)

somewhat stronger than the 0.9% limit
obtained by OPAL
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Combinations / 0.005 GeV

M(K(p)) for Q* > 20 GeV?

ZEUS
> T P
& 350F Q%20 GeV?
Te) C
8 300
= o
~ -
o 250/
c C e ZEUS 96-00
2 200F- Fit B
g - Y'Y e Signal
S 4 Background
g 150 ] ARIADNE MC
o o ]
O 100f X2/ ndf =51/ 47 -
C peak=1522.2 +1.5 MeV ]
501 width= 49+1.3MeV -
events=155 + 40
P = N B S I R B
1.45 1.5 1.55 1.6 1.65 1.7
M (GeV)
ZEUS
B T | T 17T ‘ T 17T ‘ T 17T ‘ T 17T T 17T ]
350 KO
T A2
- Q
300—
250~ ® ZEUS 96-00
— Fit
------ Gaussian
e s e Background
2001~ [ ARIADNE MC
200F |
- 180F
150— —
9 160/~
< Xx?/ndf=35/44 1401
B peak=1521.5 + 1.5 MeV 120~
100/ width= 6.1:x16Mev o[ VAT N
- events=221+ 48 sol- Tl
60 0=
50l 40 °KsP
B 20 ]
0 1 | | | | —
. . ; 145 15 155 16 165 L7 |
Oi'JlLLL\"'J-p'.LL\"-J‘\\\\‘\\\\‘\\\\7
1.45 1.5 1.55 1.6 1.65 1.7
M (GeV)

Q? > 20 GeV? : best signal identification
Fit with Gaussian + background (3 par.)

N =155 £40, M = 1522.2 £ 1.5 MeV
width compatible with resolution

Fit with 2nd Gaussian for (X ?) bump
around 1465 MeV

N =221 +£48, M = 1521.5 £ 1.5 MeV
width compatible with resolution

For BW: [' =8 £ 4 (stat.) MeV

<= signal seen in both charges
N(O™ — K%)= 96 4 34
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Combinations/0.005 GeV

1200f
1000f
800 |
600 |
400
200

250 |

100

250 |

150 |
100 |

50 L

200 |

150 |

50

200 |

ZEUS
_lll.’~|~|_ g|||+||
] “ﬁwﬂ 'y 500F . +H+++ +*ﬂ Wriad
."’“ 1 4a00F m# ]
3 :“ Q>>1 GeV? _ 300 | :’# Q%10 GeV?
® ] K
e ZEUS 96-00 1 200F E
DARIADNE MC - 100 ]
(@) 1 (b)
145'15'155'ié'i65'17 0515 155 16 165 17
frr T |_: 160:_|||||
. iyt wf b
#+ +}+ H 120f ¢ {
o ﬂ} Q%>30 GeV? 1 100 _ +* Q?>50 GeV?
' sof §
- 1 60fF ¢
1 4of
© 1 % (d)
14§'i5'i5§'ié'ieé'i7 145 15 155 16 165 17
a3 } 10001 200 N
¢ ¢
- *#++++++ ﬂ td sool ; 4”#“* L
o Q%1GeV?: ] 600 - 9“ Q*>1 GeV?
X W<125GeV ] ) W>125 GeV
- 1 400f e ]
1 200 ]
e RS e s

0
145 15 155 16 165 1.7

0 ]
145 15 155 1.6 165 1.7

M (GeV)

D))

large background

signal becomes visible
for Q° > 10 GeV?

ARIADNE (JETSET) MC
(normalized to data above 1.65 GeV)
does not reproduce the shape.

>3(1480), ¥(1560) bumps ?

for Q° > 1GeV?,
signal is visible
for W < 125 GeV
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Entries per 200 MeV

Entries per 10 MeV

M (D*p) for large proton momenta

102}

10 |

pp+Dp  HI

® signal region
[ side bands

2 3 4
p(p) [ GeV ]

particles taken as protons

w/o dF /dx requirements

“protons” from signal region
(3.085 < M(D*p) < 3.115GeV)
have harder momentum distribution

than “protons” from side bands

20 —

15 |

3.2 3.4

H1
e D*p+D*¥p
|| ; wrong charge D
D* MC

For P(p) > 2GeV,
clean signal is seen

even w/o use of dE/dx

<= background is well described
by 2-component model

3.6

M(D*p) [ GeV ]
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p(p) identification, ZEUS

dE/dx {mips)

, ZEUS
- ] ] ] 1 ||| ] ] ] LU |:
5 E ZEUS 19952000
s E (a) D - (K, E
) §_ M(Dp) < 3.6 GeV _ improved dFE /dx calibration
X 3 3 w.r.t. ©F analysis
) E—JT.I:--{: 3 resolution ~ 9%
0 F—+—+—+++++H——+—+++++H Pparam. tuned using tagged p(p)
6 F ) D* > (Kmnmn, | from A’ decays
5 M(D*p)< 3.6 Ge¥
1 | 4  to select p(p) candidates
af 1 Prob(x?) > 0.15
2 IO 3 A(Prob(x?) > 0.15) =85.0 £ 0.1%
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Combinations per 10 MeV

M(D*p), ZEUS

ZEUS ZEUS
FTr 1T ‘ L ‘ L ‘ L ‘ L T T T 17T > :\ 1T ‘ L ‘ L ‘ L ‘ T T ‘ L ‘ L
600 I~ (@) o ZEUS 1995-2000 T2 100 [ (a) * ZEUS 1995-2000, Q* > 1 GeV? E
[ D — (KT ] o E D (Kmmg
400 —  —_ like-sign combinations - o - L like-sign combinations E
200 ; ,.om AR ""m Pasatest tharerstetadsosts o’a: 3).)_ >0 ?
i 1§ - :
o —b % o;1H;_“ﬂ“w}w“_‘w“w‘}w‘g
60 - () P(p) <1.35 GeV, dE/dx(p) > 1.3 mips * - E 15 - (b)  P(p)<1.35GeV, dE/dx(p) > 1.3 mips
40 + * { t © 5 - | { “ | \ 3
20 - E 5 3 m + \ H + “ \ \ H’
O LIttt ree e o’u‘lllm‘lmlHllHllu H:&H:H
103 EF \ \ \ \ RERRE 5 ;
- (©  P(p)>2Gev E 05 © P >2Gev ]
75 } H } - -
r ] 20 — ]
so it il HH*HW f E - “ |
) -y + H 10 H ﬂ + \
S E N H +
O :\ I ‘ I ‘ | ‘ I ‘ I ‘ L1l ‘ L1 \: O I | ‘ I ‘ I L1l ‘ 1 \+\ 1 ‘ L
29 3 31 32 33 34 35 36 29 3 31 32 33 34 35

M(D'p) = AM® + M(D™),, (GeV)

M(D'p) = AM®* + M(D™) . (GEV)

3.6

Combinations per 10 MeV

300

250

200

150 —

100

50

O:
60
50 |
40

30
20
10

0
2.9 3

no signal in either distribution
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L like-sign combinations
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Combinations / 5 MeV

Combinations / 5 MeV

ZEUS 6! MC and extended AM method

To prepare signal MC, 6" was emulated by redefining mass, width
and decay channel of X! (ddc)

©.% Monte Carlo ©.% Monte Carlo

300 l\HHH\HHHHHHHH\‘HHH\H‘HHHH\‘HHH\H‘HHHH\‘HHHH\‘HHHH\HHH\H %) 140 ;H\HH\HHHHHHH\H‘HHH\H‘HHHH\‘HHHH\‘HHH\H‘HHHH\‘HH\HH\HHHL:
o50 | L N@©D) = 1824 + 51 102 10 - | N@©)=603+32 E
200 L M(©%)=3.0993+0.0005 = » 100 - M(@O%)=3-099i°-001 3
I ] : =11.1+0.6 MeV
150 I 0(@)=157+04Mev _ = 80 - o 0.6MeV 3
I 1 £ 60— E

100 - 1 E 40 - =
L 0O c ]

50 1 o0 0 20 — x

0 1 \HHH\H‘HHH\Hr\HHH\‘HH\HHﬁHH\\H‘HHHH\‘HH\HH‘HHHH 0 (Lo Lioett. 8.0 0% M6 | ||| |]]]]]]| [ 08T e0eef ¥ gy Ao 0 00 ™ T wet® o bl
295 3 3.05 3.1 3.15 3.2 3.25 3.3 3.35 34 3.45 295 3 305 3.1 315 3.2 3.25 33 3.35 3.4 3.45

M(Kmtrgp) (GeV) M(Kniigp) (GeV)

900 ;\HHH\HHHHHHHH!HHH\H‘HHHH\‘HHH\H‘HHH\H‘HHHH\‘HH\HH‘HHHHJE: % 300 l\HHH\HHHHHHH\H‘HHH\H‘HHHH\‘HHH\H‘HHH\H‘HHHH\‘HH\HH‘\HHHL
800 - N(©D) = 1780 % 37 302 L b N(©)=571%20 B
700 — R i ]
600 C M(@%) =3.0992+0.0005 | B o0 | M(©;) =3.099 +0.001
500 0(©)=4.02+0.08 MeV - & o L 0(©)=3.91+0.13MeV -
400 = = £ L |
300 - - & 100 - .
200 - = o : |
E E @) — |

100 - . 0 ]

O Ll = _ZEL o | Lo LelllLl Lol 28, 2 H =
295 3 305 3.1 3.15 3.2 3.25 3.3 335 3.4 3.45 .95 3 305 3.1 315 3.2 3.25 3.3 3.35 3.4 3.45
M(Kmtrgp) - M(Kmrg) + M(D Jepg (GeV) M(Knmtnigp) - MK + M(D Jepg (GeV)

resolution is ~ 4MeV (w.r.t. ~7MeV in H1 analysis)
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ete™ : ALEPH, 6! in Z' decays ?

ALEPH ALEPH
‘05000 - g) o 7|
D D° selection D )
= = 4 re
o S
> . I . . | . I - - |- > -
0 1.8 1.85 19, 2, 1
M (KTt (10)) Gevic® ¢ [ : ﬂﬂ
N B) S I T I I J
gy . ! P | L P I PR Jd Ll
1000 f D’ selection 029 3 ., 31 32 o238
= I \L D "p mass
o - ~. 6
S I L L L L L L L 8 i b
z %1 0.14 0.15 ol | O ©(3100)
M (K T8'10)-M (K 1) GeVic =4t

© [ 9 .
22000 B D+ %Iection \L % 2 L |:/
Lo - 3 |_LP—L|_L|_‘ |
~ B o B _J
= 0 A T RS S ST R o J S AR 1 MR 11 1 P P P

18 1.85 19 1.95 2.9 3 ., 31 3.2 G V/'&S

M (KT Gev/c D "p mass evie
N(D**) ~ 3500 R(©Y — D*p/D*) < 0.31% (95%C.L.)

dFE /dx for p(p) identification

for +20 MeV window
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~ : BELLE, ©! in B' decays ?

dE /dz, ToF and Cerenkov

for particle identification

B identification : AE = (). E;) — Epeam
for M, = \/Eb@(zm (> pi)? > 5.271GeV
N(B® — D* pprt) = 60 + 8

Events/ (10 MeV)

>k
> 4F
33.5}
E 3 &
[ C
L 25F B(B'— 0%« B(60—s p*—
>
m (B"—=0:prn ") x DO, —D" p) 11 90) C.L
15 F
1
0.5 [
O:III|I
2.8 3 32 34 36 3.8 4

M, (D"P)

nv
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Events / 1 MeV/c?

vA : FOCUS, 6! in dedicated charm experiment ?

- ] 60 F T T T =
15000 |- Y = 35821. + 202 |, | :
I 12 40+ _
L - 2 B 7]
10000 - —— right sign - = i T
I 1 i _
i i wrong sign 1z s .
[ 1§ 20 —
5000 ~ - = - T
- - : Location of :
i i N H1 penta quark
O L1 - —l"IL T |"|”ﬁj"| '-I--I--I--Jl--l--l O | | | | | | | | | L1 | | | |
0.14 0.15 0.16 0.17 0.18 0.19 3.0 3.2 3.4 3.6
m(D*)-m(D) D-Kn/K3m, GeV/c? M(D* p* + D*'p"), GeV/c?
N(D**) = 35821 =4 202 no evidence for
Cerenkov for p(p) identification charm pentaquark
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N / 3 MeV/c?

Event Yield @ 90 % CL

pp : CDF, @2 in high energy experiment ?

| CDF Run Il Preliminary |

L~240pb™

60
40

20

60
50
a0f
30f
20}

10k

M(D p)

3.00 3.05 3,10

~ 500000 D** in the full sample

dF /dx and ToF
for p(p) identification

<= no signal

In the window (3099.0 4+ 17.4) MeV

N(©®Y — D* p) < 21 for I' = 0 MeV

C

N(©! — D*p) <32 for ' = 12MeV

while N(DY, D% — D**7~) ~ 10000
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