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Pentaquarks with Charm

Introduction.

Identifying D and D* mesons
in HI.

dE/dx measurements and proton
identification.

Studies of the D*p mass spectrum.
ZEUS results.

Summary.
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Is there a charmed pentaquark?

m A few predictions: B [fm(0.°%) >m(D*)+m(p) =2948 MeV,
¢ m(©) =2710 MeV (Jaffe, ©.” can decay to D'p.
Wilcezek, hep-ph/0307341). m This decay mode can be dominant,
¢ m(0.°) =2704 MeV (Wu, Ma (Karliner, Lipkin, hep-ph/0401072).
hep-ph/0402244).
m Such a ©_° would be too light to
decay to D mesons, but could decay
weakly to O, .
¢ m(07) =2985+50MeV,
['(0.°%) =21MeV, Karliner,
Lipkin (hep-ph/0307343).
¢ m(0.)=2938..2997 MeV,
(Cheung, hep-ph/0308176).

m Such a ©_ could decay to Dp.



The H1 experiment

DIS: Q2 >1GeV?

Photoprod.: Q%~ 0 GeV?

Boson-Gluon Fusion is the dominant
heavy flavour production mechanism

Rainer Stamen (KEK) Charmed Pentaquark at H1 PENTAQUARKO04 , 20. July 2004



[candidates / 20 MeVic” ]

Experimen'l'al Considerations

D+Pseudnscafar meson D* vector meson
without with lifetime tag D*DOo—>(Kn) m
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Mass difference technigue AM(D**) = m(K 7%7) - m(K::;?ri)

D* experimen'l'ally much easier

Letstryit!



D* Signal Final Selection

1996 —2000 Data [ =75ph™

DIS: 1 GeVi< Qi< 100 GeV?
005<y <07
e
P, (D*)> 1.5 GeV
Modified & additional cuts:
-1.5<In(D¥) < 1.
P, (K)+p, (n)>2GeV,
Inelasticity z(D*) > 02

S/I3 improves by £2

3400 D*'s in DIS to start with
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dE/dx - Towards the Proton

dE/dx calibrated for 1996 +o g 5 \ IK \ ; | )
2000 data = HA :
Parameterization accurate g 4 P
+o 3-5% T [
3

8% average resolution i

Normalized likelihood based on: 2 I

measured dE/dx & expectations -

For m K, P and resolution: i I

L(m)+L(K)+L(p)=1 -

Final proton selection: 0 |

-1
(L(p)>0.18&p(p)>2).0r.L(p)>03 10 1 10

p[GevV]

Well ennugh understood to be used for backgrnund suppression




D*p + ccin DIS for 1996 - 2000

M(D*p) = m(Kanap)-m(Knan )+m(D*) o,

Ca"eanup of D* s.fgnaf and proton

candidates by cuts given before ~ 40 —
> [
= : H1 ]
S.‘gniﬂ:anf Peak in - I - = ]
e 30 e D'p+D'p =
opposite sign D*p \&\ wrona charae D :
PP J g ‘\\‘D *+ D‘lnl(g': ¥ .
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No enhancement in //«-G" _ == -6

D* MC (RAPGAP)?

M(D"p) [ GeV |

Back d well d ibed by D* MC
d; groun :E ;:cr = 4 Y 1) Mass of same sign K= 7%in m(D") window
and. wrong srarge from data 2) Also no peak from CASCADE or Deauty MC

‘ Backgrnund sfgniﬁcanﬂ'y reduced — opposite sign D*P signm' more Prnnnuncea’




D*p + ccin DIS for 1996 - 2000

) = - sk
Cleanup of D* signal and proton M(D¥p) = m(Knmp)-m(Knm)+m(D*) o5

Candidates given before > O—F————FT 7

=2 - M(D*p)=3099£0003 GeV  H1
o i i
30+ e D p+D'p 8
g- : wrong charge D :
E i D* MC -
%= Ar "
L

60-70% of background 10 |

due to non-charm ———‘__""""‘""‘_ | . _

: S . B - ’__ "1 4 "'. h W:.
Neo enhancement in //9" ' 2 S 3-4 =y g

D* MC (RAPGAP) !/

M(D"p) [ GeV |

Background well described by D* MC
and wreng charg e D from data 1) Also no peak from CASCADE or Deauty MC

Backgrnund signiffcan'f'fy reduced — opposite sign D*P signaf more Prnnnunced




Signal in both D*"p and in D*"p

M(D*p) = m(Kanp)-m(Knm)+m(D*) ppg

» D7 T - 25 ——F—F

L L 1] L

E - M(D*p)=3.102+ 0.003 GeV = - M(D*p)=3.076+0.006 GeV
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3 3.2 34 3.6 34 36
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25.8+7.1 Events 23.4138.6 Lvents

Signa)' of similar s-f'reng-!'h observed for both

charge combinations at cnmpaﬁbr'e M(D*p)




A typical Event

Look - Eun 266345 Event 472 Class: 15 2027 29 Date 12032004
r-phi view of (JC r-phi view of CJC

All events in the signaa‘ region

have been scanned

NQO anomalies observed
eg. spa"H' t+racks, wrong

reconstruction...




Signal in like sign D**p"?

M(D*p) = m(Knap )-m(Knm)+m(D*) .

% 40 i T | T T T I T T T | 1 T

= ' H1 _

E i + e 7
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No enhancement in 3 39 34 36
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Reasonably deseribed by D* MC and ) Charge conjugate always implied
h D d 2) Mass of same sign K7 in m (DY) window
ek Rkt from data 3) Same results from CASCADE or Deauty MC



Possible Dackground: D 1(2420)/D2(2460) >D* 1 ?

Loose D* cuts &

pion selection

No eut in D*p

4

= ~ N(Dl —I-D:) _go,
< i N(D*) '
g i
D* cuts of D*p & E 400 -
b L
pion selection \ﬁ‘\
200

)

D* cuts of D*p &

proton selection

28 3
M(D*x) [ GeV |

26

Cumpaﬂb."e with
MC expectation

M(D*1t) = m(Knnn)-m(Knm)+m(D*) o



Possible Dackground: D 1(2420)/D2(2460) >D*Tt ?

No cut in D*p

a0 — T T T T T
3 ? N T N(D, +D,)
2 o e | 2
E (NN D,+0, window  (Data) i S_
[ 1 B
o FEE Rab g
Lo | | !
o L ++H+ Wﬂ +++ +
0 i s il gn mum ' ] 5 T.m 200
3 3 34 36
/ M{(D*p) [ GeV ]
0 I ] i 1 1 i L T
Corrected for combinatorics, 22 . 26 28 3
Then expect 3.5 events from data D,, D, window M{(D*r) [ GeV |
N(D,+D ;) =3.5in the M(D*n) = m(Knnn)-m(Knm)+m(D*) op,

D*p s.fgnaf region from MC



F urther fnvesﬁgaﬁon of mass correlations

Possible contributions from DSI/DSZ_)DOK have been ruled out

All Pnssibfe mass correlations among the Parﬁcfes making the D* and
the D’RP system have been fnvesﬁga'f'ed t+o search for real or fake Peak

structures, eg A, Af:' ﬁ'H.'.. : ho enhancements found

All Pnssib!e mass hypnf‘heses have been appffea' to the Parﬁcles makfng
the D* and the D*P system and the cnr'respnndmg mass r:c:rrelahnns
have been studied to search for real or fake peak structures. eg KS 0.

f,...0no enhancements found

All Pnssible mass correlations among the proton candidate the
remaining char‘ged Parﬁc.’es of the event with all Pnssible mass
assignments have been looked at to search for real or fake Peak

structures. eg Kg(b A’ A, : no enhancements found



Signal reFion in D*"p "richer in D*~?

D*p Side bands M
= —R._ 20

%60_‘f1r‘f'rff'r 5;0.17
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Normalization t+o +he width
of the windows in M(D*p)

D=p signaf region |

M(D*p) = m(Knnp )-m(Knm)+m(D*) .

I) Charge conjugate always implied



L3
[}

Entries per 10 MeV
ha
=1

|s the D*p”

bk
=

- M(D*p)=3.104£0003 GV HA
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signal due to profons?

AL

1 Usk +hi region H1 i
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dx [ MIP ]
La

M(D*p) [ GeV ]

d
w

M(D*p) = m(Knmp )-m(Knm)+m(D*) .

1) Charge conjugate always implied



Entries per 10 MeV

entries per 0.025

|s the D*p”

signal due to pro'l'ons?
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I) Charge conjugate always implied



Is the physics different in the signal region?

If a new particle is produced, the
properties of its decay products is
different from those of the back-
ground

—» [ ook at the momentum of the
proton candidate w/o dE[dx cuts
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. e H
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i [ side bands
+ﬂ.+ ]
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No L(p) cuts |

0 1: 2| 3 4 &
p(p) [ GeV ]

The mnmer%:fum spectrum of the Parﬂc."es

in the sfgnt":.'a" region Is harder than in the
M(D*p) side bands




AM(D*) [GeV]

Is the physics different in the signal region?

0.17
Q.16

0.15

l = u
__ D*p side bands

0.14

Fit slope with a.-exp {-Pp(p)}

D*side band

B=1.86+0.13

p= ! .T‘ﬁiﬂ.ﬂé |
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S.‘gnai’ region
B=127+009
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[414

:'_I
—
1

o 1. 2| 3 a4 s
p(p) [ GeV ]

The mameéfum spectrum of t+he Parﬂcfez
in the 5Igm5!-f region is harder +than in +the

M(D*p) side bands




Signal at large p(p) more prominent ?

10

10

Entries per 200 MeV

T 'l T 7T T T I LI |
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“1'r Ik
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P(p) [ GeV ]
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Signaf t+o ba:kgrnund improves at h:rr‘ger
proton momentum —> look at M(D*p)




Signal at large p(p) more prominent ?

% = 1:' 5SS S
E 1021 :D"'p-i- D*'p H1
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E * : ® signal region
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Sa'gnaf to backgraund improves at far'ger'
proton momentum —> look at M(D*p)




D*"p"in photoproduction  #007*

M(D*p) = m(Kanp )-m(Kan)+m(D*) on,

M(D*p)=3.103+0.004 GeV

100 [ Yp H1 —
e Dp+D"p i

|:| wrong charge D

r 10 MeV

.‘a

LN LI
e
|

Peak also observed

in Pha-}'apr'aducﬂan
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N
o
|
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U
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ANE
III
——
e
=

>95% of background

due t+o non-charm

34 3.6
M (D*p) [ GeV ]

N

No enhancement in

non-charm ba:kgrnund

1) Charge conjugate always implied

Backgraund well described by

wrong charge D from data

Phr:*f'nprcducﬁcn more difficult due to Iarge non-charm backgrnund




Si_qnal assessment

40
% - | | | i Stability of result
E H1 . against all sorts of
E 30 - e D' p+Dp - variations checked
o - ; — Signal + bg. fit -
g i Bg. only fit |
2 i _
.E 20 i + + |
w i + J
LUy S H' 1
- \pe 14 { In +otal about
' : 100 D*p in DIS+y
Masses & widths from 0 A DR T +, | + o +, 1 P iy
'I+s are consistent 3 3.2 34 3.6
M(D"p) [ GeV ]
Sample Mass [MeV] Width [MeV] N
D*~p +D*+5 (DIS) 30993 1243 506 +112
D*_P (DIS) 3102 +3 7 +3 258 7.1
D5 (DIS) 3096 +¢ 13 +6 234 +84
D*p +D**5 (yp) | 3103 14 7 43 43 +14




Entries per 10 MeV

40 =

20 |

10 |

Si_qnificance estimation

30 |

I T T T I T T T | L] I
D" p+D*p i
— Signal + bg. ]
-~ Bq,omy fit

T

N+ N, =75 D*P cand.
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\ + T Tgm s
L \u_ T +. ; + g +. :
3 \\ 3.2 34
\ M(D*p) [ GeV ]
\

36

N ,=45.01+2.8 from

bar:kgraund + sfgnaf
Hypothesis (fit)

540

,,p'

-

L} —
® Significance estimate based on the background only hypothesis Np= 5171217
o Use of different ba:kgrcund functions as well as the ba:kgraund model from data and MC

® S.I'gn.'ﬂr:anf:e determined in a b.‘nmng free method

—>DBackground fluctuation probability 4 x 10 _S(Poissanl =34 o (CGauss)
Change in likelihood of fits: 62 G




Search for charmed PQ, 6.— D*p, in ZEUS

Photoproduction + DIS

« ZEUS inclusive D* sample 1995-2000: ~43000 D*
+ same D*, p and D*p cuts as for DIS selection

ZEUS PRELIMINARY: low momentum p high momentum p

ZEUS ZEUS

20000 —7— ———T—T— T T 70 , ZEUS
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=] r A ~ Sph’} 1 < &0 Fip] = 1.25 Gad, . | ao F Pip) > 2 GaY, dEch(p) < '.IF['ZII=I-1 4 =]
P L DBk WY AP Graig g cF i (p) > mmastt 3,0 &P () +D 8) 9 - e s prTiE -4
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éuznnn - § = : ]

(=]
e 2 | -
< szoop | 1 . o o ’ g-

' 50 £ | ‘ [V =
10000 | C | ’ . ’ } .
L 20 ¢ 4 ] . . 2
L 1 - | ri . | ?
600D - 2o [ N | ' }
a0oo HI 0 Lrl_‘ yi l_l‘IE
i ; 10 | ! ]
2000 | ’JI s 1 oL 3
n F -.| PN [NV EE O 1 | L ] 0 _I.ILLLJ.IJII.J-.JILJ..I!.LI.LI.I_III._I.-.IJIJ'_I_1JJII..I.JIl.EI.J-_IJJ.J'_Ill_I.I..LII.I_: = ::JII.I'.IIIJ'.I.III.I.I.IJI|||_-II:J T e e
04e 015 016 BSSF 08 1 3D B AE A e e

MKee,) - Mikz) (GeV) WDl = &M=+ MD™)ena (GeV) M Bl = AM™ + WD ™) apa (CAY)

no evidence for a signal at 3.1 GeV




Conclusions

« HI

* Narrow resonance observed in D*pand D*'p at 3.1 GeV.

« Background fluctuation probability smaller than 4 X 108,

 Measured RMS width 12 + 3(stat.) MeV consistent with
experimental resolution

* Signal also observed 1n independent photoproduction
sample.

e Minimal quark content uuddc, candidate for a charmed
pentaquark state.

« ZEUS

* No evidence found for a resonance at this mass.




Backup
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Experiment

Channel

The strange pentaquark

m Experimental observations:

Mass (MeV)

LEPS

1540 £ 10

DIANA

1539 +£2

CLAS

1542 £ 5

CLAS

1555+ 10

SAPHIR

1540 £5

ITEP

1533 £5

HERMES

1526 =3

ZEUS

15272

SVD

1526 £4

COSY-TOF

15305

m Minimal quark content vudds

m Mass of O,

1570

1360

=
L
[
=]

B

[

1 t
=t
—t—

Mass (MeV)

OO I N A A B T][{{A]L

Experiment

m Mean mass 1534 + 1 MeV.

m Narrow resonance.



D* Signal

1996 —2000 Data L =75ph”

DIS: 1 GeVi< Q%< 100 GeV?
005<y, <07

p, (D*)>1.5GeV, In(D*)| < 1.5
S/B=09

Onfy small sfgna.’ expec-f'ed
&
Tests of decay kinematics

foreseen

Tr'}r to improve S/B3

Entries per 0.5 MeV
-k
N
o
o
|

1000 -

500 -

0 1 1 L 1 1 1 1 1 1 1 1 I
0.13 0.14 0.15 0.16 0.17

AMp. [ GeV ]

Non-charm induced backgraurd
-wrong :har'ge D from K T

Combinations in D® mass window




The very first look at D*~p

Look for a narrow state near

fhreshnfd F Vondf3ZEZ [/ 42
100 - BE  03M2E.O1E DASISE-02
Expected 4-particle mass resolu- i Fx ioeii pasme e
| P4 a0.0E 4 2774
tion about 35 MeV —p use mass e —0S714E 01371

difference: m(D*p)-m(D*) )

Cut on the normalized proton

likelihood L(p) for pion

suppression /
Take a D* candidate add a track 20T 2000 DIS data
consistent with a proton using m / .
D||||||||||||||||||||||||||||||||

D™ selection as used for sz?é/?? T 11 1.2 1.3 1.4 1.3 1.6 1.7
ana.’ys;s & L(P)Zb 5% m{D°p)—m(D*) [GeV]

Narrow enhancement about 150 MeV above threshold: real or fake ?




Does some acceptance effect fool us ?

Proton efficiency "Pion survival probability”
‘g 1 i OO -
& B * -
“ [+ -, ++++ —v+—++ RAFGAF no |h-cuts
i -
0.75 - + o . . .
i 3 3.2 3.4 3.6
Q.5 _ & standard selection
& |ow p selection o6
025 [ _
Good p efficiency ol
0 i 1 1 1 L | 1 1 1 1 | 1 1 1 1
0 1 2 3 :
pP(p) [GeV] I {with cuts)(no cuts)
0.25 - m
;_-i Wap
Smooth variation with M(D*p) //;' L "M',"""’Mq"w
- 3 3.2 34 3.6
Shape reflects opening of phase space MDD [GV]

M(D*p) = m(Knnp)-m(Knm)+m(D*) ...



TS el IV iy

Signal region in D*”p "richer in D*~?

30 |
20 |

10

1) Charge conjugate always implied
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H1 3 L ! 18
e Dp+Dp ] O L 16
S S 016 f 2 14
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* ] . 12
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* L l [ B K]
3 3.2 3.4 36 r _.i ——————————— 14
M{D*p) [ GeV ] 0.4 - <
Clear Peak visible — 2
' =

3

D= sfgna." region

22 >4 36 2B
M(D*p) [GeV]

M(D*p) = m(Knmp )-m(Knm)+m(D*) o



Dasics of kinematic tests

Z‘Bﬂd}"' DECG’}!’ D*p rest frame wrong mass assignment
200
M?=(P +P) [ crame
2 2 = =
= (ot V2B B o —2 DiPy) D*X 100

M’ independent of v cos®F 50
decay ang:"e cosOF om"y for

22 249 26 28 3

correct mass ass:gnmenf NS S—— assignment M(D*7) [GeV]
200 . n
- -~ 3
- CPQ MC v - CPQMC
150 O.a L
= -
100 A 26 |
= .
50 2.4 .
0_ 2-2 :]IL]ILLIILJ.IILJIIJ.
3 32 34 36 3.8 3 32 34 36 38

M(D*p) [GeV] M(D*p) [GeV]



Kinematic tests

Z—Bad}r Decay

M®=(P +P)

2 2 1. )
=i ety + 2Bl o~ 2P b )

D*p rest frame

1000 T

X

D*

fnfegrafed in cos®F

Do we see a band like structure
in the M(D*P)—M(D*x) plane in
data? —> Let's have a look

800 |
600 |
400
200 |

correct mass assignmenf

4000

2000

crPQMC

LI 1 I 1 1 1 I 1

3 32 3494 36 38
M(D*p) [GeV]

GeV]

i g

M(D*m)

2.6
2.9

2.2

WFOHg mass assfgnmenf

E: crPQMC

22 24 26 28 3
M(D*7) [GeV]

cPQMC

-Illlljl.ll.]IIIII

3 32 34 36 3.8
M(D*p) [GeV]



Signal due to

-
*

=

N

M(D'r) [ GeV ]

25
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Signal due to D*r ?
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Could

5 %k This on its own would
'.’. be due D K Vbe worth a publication
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Could it be due

D% may be dangerous
because of Y—e’e”
Y-conversion asymmetric
in energy

—>may be misinterpreted
as T_and proton

m_ (T p) should peak at 0

mee(ﬂsp)

No accumulation at zero
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Search for charmed PQ, 6.— D*p, in ZEUS

+ DIS D* sample 1995-2000, Q%>1 GeV?: ~9700 D*
+ p(D*) > 1.35 GeV, |ny.1<1.6, p (dE/dx)
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