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The Case of the Strange Pentaquark ®+

e Minimal quark content: uudds

No. Experiment Channel Mass (MeV)
1560
0 LEPS K'n 1540 + 10
1 DIANA K 1539 +2
1550
2 CLAS K'n 1542 % 5
3 CLAS K'n 1555+ 10 1540 T { }»
4 SAPHIR K'n 1540 £5 :ZZZZZZZZZLZZZZZ_T:
5 ITEP K% 1533 £5 1330 T ][ ][ ]L A]L
6 HERMES K% 1526 + 3
1520 -
7 ZEUS KOp 1527 +9 1 0 1 2 3 4 5 6 7 8 9 10
8 SVD K 1526 + 4 ¢« M(OT)-M(K)- M(p) = 100 MeV
9 COSY-TOF K% 1530 + 5 *  Small natural width




I the strange pentaquark exists

why shouldn’t there also be a
charmed pentaquark?

Let's have a look !




Possible Signature of the Charmed Pentaquark

Common belief: Charm fragmentation fractions
—>
®C D p f(c— D7) p 0.248 & 0.014 15002
(pseudo-scalar D meson) DIS | 02024 0.020 55t 00%
ete” 0.232 + 0.010
fle— DY vp 0.557 & 0.01915-002
1740,
DIS | 0.658 £ 0.054 13- H0-03¢
ete= 0.549 £ 0.023

fle=Df) | 4p | 0.1070.000%0.005
DIS | 0.156 + 0.043 10:036+0.050

—0.035—0.046
ete” 0.101 £ 0.009
fe=sAD) | 9 | 007600207554
ete” 0.076 = 0.007
* +0.003
fle= D) | ap | 02330000129
DIS | 0.263 + 0.019 T0-056-+0.031

—0.042-0.022
ete” 0.235 + 0.007




Possible Signature of the Charmed Pentaquark

Common belief: Charm fragmentation fractions
—>
®C D p f(c— D7) p 0.248 4 0.014 15002
(pseudo-scalar D meson) DIS | 02024 0.020 155t 00%
ete” 0.232 + 0.010
fle— DY vp 0.557 & 0.01915-002
1740,
DIS | 0.658 £ 0.054 13- H0-03¢
ete= 0.549 £ 0.023

fle=DH) | 4p | 0.107 £ 0.000 % 0.005

DIS | 0.156 & 0.043 10-056+0.050
Vector mesons not suppressed ete 0.101 £ 0.009
fle—= AD) vp 0.076 £ 0.020 1000
ete” 0.076 £ 0.007
fle=s Dty | qp 0233 £ 0.00910:003
0.056-+0.03
DIS | 0.263 £ 0.01915-325+0.05
ete= 0.235 & 0.007

DBut what is experimentally feasible ?



[ candidates ¢ 20 MeVic" |

Ex,per'imen'l'al Considerations

D+P56UdOSCClIClr mesohn D>I< vector meson
without with lifetime tag D*—>D n—>(Kn)
10" = Kt DE = HL prel % 2000 1 T
= . - Fit =
15000 _W ﬁ S !
2
] i 5 1500 - Y. Kl 4
10000 — E z' . 1 wreng charge D
| E = *
5000 o Z S 1000 - . e
_ru:u CET life time tag CST life time tag: 53

0 T 17 T T T T 7
1.7 1.8 19 2
mikomr) [ GeVi” ]

D"‘_-huge background or low vyield / N T
0.13 014 a.15 d.16 017

17 T 1T T 1T
v 18 19 2

. 500
mi Koo [ Gevi” ]

D* profits from small Q-value in D* decay AMp. [ GeV ]

Mass difference technique AM(D ) = m(Kiﬂ'iﬂ') - m(Kifri)

D* experimen'l'ally much easier

Let's try it !




D* Signal

1996 —2000 Data L, =75pb™"  _ sgg

2
DIS: 1 GeV?*< Q%< 100 GeV? =
- Lo

: L)
005<y,6 <07 S 1500 - R T

p,(D*)> 1.5 GeV. In(D¥)I < 1.5 o o [0 wrongchargeD

2
S/B=09 =

/ S 1000 -
Only small signal expected 500 |-
&
Tests of decay kinematics
0 1 1 | 1 | |
foreseen 0.13 0.14 0.15 0.16 0.17
AM,,. [ GeV ]
Try to improve S/
‘ - h Non-charm induced background
o | -wrong charge D from K T
Combinations in D mass window




D* Signal Final Selection

1996 — 2000 Data [ =75pb™
DIS: 1 GeVi< Q2< 100 GeV?

005 <y_ <07
P-I-(D*) >1.5GeV
Modified & additional cuts:
-1.5<In(DM)I < 1.
p.(K) +p+(7‘t) >2 GeV,
Inelasticity z(D*) > 0.2

S/B3 improves by 2.5

3400 D*'s in DIS to start with

Entries per 0.5 MeV

1000 ———

800 |
600 -

400 -

‘5, H1
s Kn'n] ]
¢ [0 wrongchargeD |
. i
‘e
. _

0.14 0.15 0.16 0.17

AMj. [ GeV ]



D* Signal Final Selection

1996 — 2000 Data [ =75pb™

DIS: 1 GeV2< Q2< 100 GeV?
005 <y <07

P, (D*) > 1.5 GeV

Modified & additional cuts:

-1.5<In(DM)I < 1.

P, (K) +p, (1) >2 GeV,

Inelasticity z(D*) > 0.2

S/B3 improves by 2.5

3400 D*'s in DIS to start with

Entries per 0.5 MeV

1000 ———

800 |
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400 -

I : |+ |: I T I T T T
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1 1
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0.14-7"0.15

016 017
AMj. [ GeV ]

D* signal region

subsequen'l'ly used




dE/dx - Towards the Proton

dE/dx calibrated for 1996 to = 57 » Ipl .
2000 data E [ : »
Parameterization accurate z 4
w
to 3-5% T

8% average resolution

Normalized likelihood based on: / I
measured dE/dx & expectations i

For 7. K p and resolution: .
L(m)+L(KH+L(p) =1

Final proton selection: 0 I b ]

(L(p)>0.188p(p)>2).or.L(p)>03 10 1 10
p[Gev]

Well enough understood to be used for background suppression




The very first look at D*~p

Look for a narrow state near

threshold

Expected 4-particle mass resolu-
tion about 35 MeV —p use mass
difference: m(D*p)-m(D*)

Cut on the normalized proton
likelihood L(p) for pion

suppression



The very first look at D*~p

Look for a narrow state near

'I‘hr'esho/d F 2 ndf32.82 7 43
100 + Pi 54,11 20,48
. L P2 QAZGZE—01 £ O467EE-02
Expecfed ‘f—Par'l'lcle mass resolu- i P3 1001 & 0.4682E_02
P4 B3.05 1+ 2,779
tion about 35 MeV —p use mass P 05714+ 01571

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

Cut on the normalized proton
likelihood L(p) for pion

suppression

Take a D* candidate add a track 201 2000 DIS data

cons:sfen'l'w:fhapro-l'onusmgm O:"|llI|I|l||||||||I||.|...|,,,|,
D* selection as used forF 96/97 111 1213 1.4 15 1.6 1.7
analysis & L(p)> 5% m(D‘p)—m(D*} [GeV]

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




D*p + cc in DIS for 1996 - 2000

M(D*p) = m(Knrp)-m(Knn)+m(D*) op,

Cleanup of D* signal and proton

8

candidates by cuts given before

Significant peak in
opposite sign D*p

Mo
o

No enhancement in

wrong charge D "

:

Entries ;f* 10 MeV

H1

ﬂ e D' p+D'p _

wrong charge D
D* MC

No enhancement in /

D* MC (RAPGAP)?

Background well described by D* MC

and wrong charge D from data

M(D"p) [ GeV ]

1) Mass of same sign KiTEiin m(D 0) window
2) Also no peak from CASCADE or Beauty MC

Background significan'Hy reduced — opposite sign D*P signal more Pronounced




D*p + cc in DIS for 1996 - 2000

#v) — } *
Cleanup of D* signal and proton M(D*p) = m(Kmnp)-m(Knm)+m(D¥) ppe
Candidates given before » W—7

= - M(D*p)=3099+0003 GeV  H
o I ]
= 30 - s D p+D'P ]
g— i wrong charge D i
E i D* MC -
E 20
L L
60-70% of background 10 I
due to non-charm \_
No enhancement in /

D* MC (RAPGAP)

M(D"p) [ GeV ]

Background well described by D* MC

and wrong charge D from data

1) Also no peak from CASCADE or Beauty MC

Background significan'Hy reduced — opposite sign D*P signal more Pronounced




Entries per 10 MeV

25

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

15 |

10 |

- M(D*p)=3.102+ 0.003 GeV
20 .

Entries per 10 MeV

M(D"p) [ GeV |

25.8+ 7.1 Events

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

25

P
o

b
tn

s
o=

n

o

L M(D*p)=3.096 + 0.006 GeV
__ - I:)‘-;ﬁ =
3 32 | 34 | 36
M(D"p) [ GeV |

23.4+ 8.6 Events

Signal of similar strength observed for both
charge combinations at compatible M(D*p)




A typical Event

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

All events in the signal region

have been scanned

NO anomalies observed

eg. sPIH' tracks, wrong

reconstruction...




Signal in like sign D**p”?
M(D*p) = m(Knnp)-m(Knm)+m(D*)__

% 40 [ T T T T T T T T T T T

= l H1 _

= - . __ ]
No significant peak i 30 - * D'p+D"p ]
in like sign D*p \k: piong charge D

E 20 \+ _

LU L
No enhancement in 10 - + + ]
wrong charge p? - + I

0 S R . B R
No enhancement in 3 3.2 34 36
D* MC (RAPGAP)> M(D*p) [ GeV ]
Reasonably described by D* MC and 1) Charge conjugate always implied

h D f d 2) Mass of same sign Krtinm (DO) window
wirohg charge rom data 3) Same results from CASCADE or Beauty MC




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

Loose D* cuts &

pion selection

Compa'l'ible with
MC expectation

_ N(D, +D,)
= 2NV 2 Qo A
2 \ N(D¥) 8%
& -

D* cuts of D*p & § 400

pion selection \;:\

N(D +D,)=276%70 I

200
D* cuts of D*p &
proton selection \0

4

No cut in D*p

24 26 28 3
M(D*r) [ GeV |

M(D*n) = m(Knnn)-m(Knn)+m(D*) .o,



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

No cut in D*p

> 40 T .. 600
%— 20 [ + :ti +:+D‘mzwm (D) % 400
o B4 ’ 13

e

==
3 . . 36
M(D*p) [ GeV ]
1
0 1 h M [ | 1 1 1 T
2.2 /Y‘ 26 28 3
) M(D*r) [ GeV
D,, D,window O :

N(D ,+D ,) =3.5 in the M(D*1t) = m(Knnn)-m(Knn)+m(D*) ..
D*p signal region from MC

Corrected for combinatorics,

Then expect 3.5 events from data




Possible Backgroun@])zﬂ%ﬂ) SD*t ?

No cut in D*p

N, +D,)

80
N(D*) o

11
I 1
i Ll |
30 i * Dp+D"p =
i Y |
BIN [ D,+D,window (Data) |
|

400

Entries per 10 MeV

Entries per 20 MeV

L |
o R |

IWIIJ I | Il i -
3 . . 36
M(D*p) [ GeV ]
1
u 1 h M [ | 1 1 1 T
2.2 /Y‘ 26 28 3
: M(D*r) [ GeV
D,, D,window O :

N(D ,+D ,) =3.5 in the M(D*1t) = m(Knnn)-m(Knn)+m(D*) ..
D*p signal region from MC

Corrected for combinatorics,

Then expect 3.5 events from data




Does some acceptance effect fool us ?

Epr-t:t‘h.':m

075 |
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Proton efficiency

——— g

—— ++
_+_ ++ +++
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————

T

& standard selection

® |ow p selection

Good p efficiency

1 2 3
p(p) [GeV]

Smooth variation with M(D*p)
Shape reflects opening of phase space

“Pion survival probability”

RAPGAP no lh-cuts

0 P E T T RS S|
3 32 34 36
25 —
RAPGAP with |h-cuts
0 I I T R S ST A ST S |

3 32 3.4 3.6

(with cuts)/{no cuts)

32 3.4 3.6
M(D*p) [GeV]

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



Does some acc

Epr-t:t‘h.':m

075 |
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Proton efficiency
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& standard selection

® |ow p selection

Good p efficiency

T

1
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3

p(p) [GeV]

de\effect fool us ?

“Pion survival probability”

RAPGAP no lh-cuts

3.2 3.4 3.6

RAPGAP with |h-cuts

32 3.4 3.6

Smooth variation with M(D*p)
Shape reflects opening of phase space

(with cuts)/{no cuts)

32 3.4 3.6
M(D*p) [GeV]

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



Entries per 10 MeV

20 |

Signal region in D*"p "richer in D*~?
1) Charge conjugate always implied

30 |

10 |

D* signal region

| '>: 0.17 - 20
Q\)‘ g = 18
P " 16
2 0.16 [ 14
5 Cleariband visible
12
-y 10
0.15
™ ey B IV A =8
: Ve . * [ | G
34 36 PR [ —
— 4
M(D*p) [ GeV ] A4 - _'i\
Clear peak visible -2
1 TSI R A S AT R T N AN SO SO N M T T N O
3 3.2 3.4 3.6 3.8

M(D*p) [GeV]

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



rD*p Side bands

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

I 20
N
Q\)‘ 1 E 18
2 -'!'IE.i.'E 16
a HETH N
£ [ 4
;. 12
"y 10
015"'H 8
=I"-|.|- s lik
L= B
0.14 i M I
ol HE — 2
|EI .EI|IE| IE| P R N TN T T NN T SR T N T _O
3 3.2 34 36 3.8
M(D*p) [GeV]
D*p signal region

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

1) Charge conjugate always implied



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

60

Entries per 2 MeV

20 -

rD*p Slde bands ’\\
=017 % o e =0
S, S *HE 18
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2 0,16 P :: 14
5 o 12
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0.14 [ MK I
. oL oaE 2
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D*p signal region

Normalization to the width
of the windows in M(D*p)

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

1) Charge conjugate always implied



Signal region i icher in D*~?

rD*p SideYa
T T '\

E 60 L T I > rﬂ | 20
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D*p signal region
Normalization to the width
of the windows in M(D*p) M(D*p) = m(Knnp)-m(Knw)+m(D*) .

1) Charge conjugate always implied



Is the D*~p" signal due to protons?

30

- i T T T T T T T T
2 " M(D*p)=3.104+0003 GeV — 5 A T T
E i « D p+D*'p = i ]
z. 20 _— + ;m;chr@D __ g 4 :_ US -’-hi regio-n H1 __
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0 i |
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M(D*p) = m(Knnp)-m(Knw)+m(D*) .

1) Charge conjugate always implied



Entries per 10 MeV

entries per 0.025

30

20

10

30

20

10

Is the D*~p" signal due to protons?

proton likelihood

L L L L L
| MD)BIOHE0003 GV HY ] 2 [ \ " \ 5 :
1l * D p+D'p ] = L i _
— L harge D . e N 7]
|+ pme ] ¢ 41 Usk this, region H1 -
g le—a— [| with L(Y>05 I
B I | T i — ]
3 N\.32 34 36 2 [
M(D*p) [ GeV |
: 1°
- (L(p))=0.92 + :
. o |
1
10 1 10
= p [ GeV ]
DR Y SR YT M.+ M(D*p) = m(Knnp)-m(Knn)+m(D*) .
0 02 04 06 08 1

1) Charge conjugate always implied



Entries per 10 MeV

entries per 0.025
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proton likelihood

4 : Usk this region H1 i
H with L(A)>05 ]

10 1 10
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M(D*p) = m(Knnp)-m(Knw)+m(D*) .

1) 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

—» Look at the momentum of the
proton candidate w/o dE/dx cuts

10

10

Entries per 200 MeV

2 D*p+D*'p H1

No L(p) cuts !

4 signal region
[ side bands

o 1. 2| 3 a4 5
p(p) [ GeV ]

The momeré:afum spectrum of the particles
in the signal region is harder than in the

M(D*p) side bands




AM(D*) [GeV]

Is the physics different in the signal region?
Fit slope with o.-exp {-Pp(p)}

017 g 20 % S
L. 18 ; 102L D*p+D*'p H1
B "y 16 N ;* & csignal region
0.16 14 E_ I [ side bands
I D*side band 12 9
=186+ =
B=186+0.13 10 E 40 |
0.15 f e
| mHB
i — [y
0.14 | D*p side bands
: B=1.74+0.06 i 1 E
R I B ] _O
3 |32 34 36 3.8 I
Signal region | A(D*P) [GeV] o 1. 2| 3 4 5
B=127+009 | P(p) [ GeV ]

The momeré,_vfum spectrum of the particles

in the signal region is harder than in the

M(D*p) side bands




AM(D*) [GeV]

Is the physics difﬁz@\v\fhe signal region?

017 g % o o
L 18 = 102 L pp+Ds  H1
" 16 & . .
- E L signal region
0.16 14 & I [ side bands
D*side band 12 9
=186+ =
B=186+0.13 10 E 10 |
0.15 f N .
| mHB
I — 14
0.14 | D*p side bands
: B=1.74+0.06 ik 1 E
R I B ] _O
3 |32 34 36 3.8 I
Signal region | M\(D*p) [GeV] o 1. 2| 3 4 5
B=127+009 : P(p) [ GeV ]

The momeré,_vfum spectrum of the particles
in the signal region is harder than in the

M(D*p) side bands




Signal at large p(p) more prominent ?

10

10

Entries per 200 MeV

——
D*p+D*'p H1

4 signal region
[ side bands

0.l

3 4 5
p(p) [ GeV ]

Signal to background improves at larger
proton momentum —> look at M(D*p)




Entries per 10 MeV

Signal at large p(p) more prominent ?

B a D p+D'p

wrong charge D
D* MC

Entries per 200 MeV

M(D*p) [ GeV ]

——
D*p+D*'p H1

4 signal region
[ side bands

3 4 5
p(p) [ GeV ]

Signal to background improves at larger
proton momentum —> look at M(D*p)




Entries per 10 MeV

20 | T

Signal at larg
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wrong charge D
D* MC
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e prominent ?
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D*p+D*'p H1

4 signal region
[ side bands

3 4 5
p(p) [ GeV ]

Signal to background improves at larger
proton momentum —> look at M(D*p)




DBasics of kinematic tests

Z—Body Decay D*p rest frame wrong mass assignment
200
2 2 . B
M = (Pl + Pz) D 150 - cPQMC
2 2 = = i
= (mD* +my +2ELE, — ZPD*pX) D*X 100
2 k
M independent of x cos® 0T
decay cmgle cos®F only for 0 524 26 28 3
correct mass assignment correct mass assignment M(D*n) [GeV]
200
R >3 F
150 cPQMC @ .8 | cCPQMC
® -
100 ez.ﬁ —
= -
50 i N
2.2 :I|||I|||I|||I|||I|
3 3.2 34 36 3.8 3 3.2 34 36 38

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



DBasics of kinematic tests

Z—Body Decay D*p rest frame wrong mass assignment
5 ) 200
M?*=(P +P,) - cPQM(
150 |
2 2 ~ = !
—(mD* +my +2ED*EX _ZpD*pX) ey X 100 [~
. i
M independent of 50 I
decay angle cos®OF only for 0 W
correct mass assighment correct mass assignment M(D*n) [GeV]
200 - -
B ; 3
150 | cPQMC S s CPQMC
100 | *?2.6 2
i 8
s0 |- 24
I i » 2.2 :|...I.'|.'.'.I'...|...|.
3 32 34 36 38 3 32 34 36 38

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



Kinematic tests

2-BDody Decay

M?=(P +P)
= (mzz)* + mi{ +2EEy —2PpDy)

D*p rest frame

X

D*

In'I'egra*f'ed in cos@®*

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

wrong mass assignmen'f

1000
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200 |

correct mass assignmen'l'

4000

2000

CPQMC

3 32 34 36 38
M(D*p) [GeV]

M(D*) [GeV]

Dl S
MR ® ow

600 |
400 |

F CPAMC

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

CPQMC

d 3.2 34 36 3.8
M(D*p) [GeV]



Signal due +to D*mt ?

Back to data !

-

M(D'r) [ GeV |
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Band in D*7t clearly visible



Signal due +to D*mt ?
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Go to the D*p signal region
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No indication for contributions

from D ;and D ;




Signal due +to D*mt ?
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. k This on its own would
Cou,d '.f be due D K ?/be worth a publication
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Could it
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Could it be due
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Could it b vk D’y ?
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Further investigation of mass correlations

Possible contributions from DSI /D SZ—)DOK have been ruled out

All possible mass correlations among the particles making the D* and
the D*P system have been investigated to search for real or fake peak

structures, eg A A° A* .. : ho enhancements found

All possible mass hypotheses have been applied to the particles making
the D* and the D*P system and the corresponding mass correlations
have been studied to search for real or fake peak structures. eg Kg.(l).

fz .... no enhancements found

All possible mass correlations among the proton candidate the
remaining charged particles of the event with all possible mass
assignments have been looked at to search for real or fake peak

structures, e.g Kg,d). A°A™...: ho enhancements found



Further investigation of mass correlations

Possible contributions from D, /D SZ—)DOK have been ruled out

All possible mass correlations among theparticles making the D* and

the corresponding mass correlations
have been studied to sea or real or fake peak structures, e.g Kg(l)

fz .... no enhancements found

All possible mass correlations among the proton candidate the
remaining charged particles of the event with all possible mass
assignments have been looked at to search for real or fake peak

structures, eg Kg.(l). A°A™. . .: no enhancements found



D*"p"in photoproduction  “00*

M(D*p) = m(Knrp)-m(Knn)+m(D*) op,

M(D*p)=3.103+0.004 GeV

YP H1 ]
e D'p+D'p I

[ ]| wmwngcharge D

r 10 MeV
—
=
o

[

75
|

Peak also observed

in Phofoproducﬁon

Entries

>95% of background

due to non-charm

No enhancement in / 3 32 34 36
non-charm background M (D*p) [ GeV ]

1) Charge conjugate always implied

Background well described by

wrong charge D from data

'Phofoproducﬁon more difficult due to large non-charm background




Signal assessment

30 -

Entries per 10 MeV

10_—

Masses & widths from

fits are consistent

*H

e« D' p+D''p

— Signal + bg. fit

- Bg. only tit

H1

Stability of result
against all sorts of

_ variations checked

In total about
100 D*p in DIS+yp

34

36

M(D"p) [ GeV ]

Sample Mass [MeV] Width [MeV] Ny
D*p +D*5(DIS) | 3099+3 1243 506 %112
D*p (DIS) | 3102 +3 9 43 258 1.1
D*tp (DIS) | 3096 +6 13 +6 234486
D*p +D*'5 (yp) 3103 +4 743 43 +14




Entries per 10 MeV

40 -

30

20 |

10 |

Significance estimation

— Signal + bg.

—
H1 _
D* p+D"'p -

fit

\ +_ ) ['. i
| \n, | ! +. ! + | ! + !
3 \\ 32 34 36
\ M{(D*p) [ GeV ]
\

Ns+ Nb=95 D*P cand.
within 20

N =45.0+2.8 from
background + signal

Hypothesis (fit)

540

-V

-

\ -
® Significance estimate based on the background only hypothesis Np=51.7T£27

® Use of different background functions as well as the background model from data and MC

® Significance determined in a binning free method
—>DBackground fluctuation probability 4 x 10 _X('Poisson ) =54 6 (Gauss)
Change in likelihood of fits: 62 G




Checks

Meanwhile 4 independent analyses

(whoever looks for it, verifies it)

Using 4 independent codes for the central analyses

(final D* selection and proton selection)

DBased on 3 independent D* pre-selections

With 2 different methods (mass difference technique [ constrained
fit)

Signal observed in DIS and photoproduction

In inde,penden'f running ,periods

All events in the signal region scanned independently



Conclusions

A clear narrow resonance is observed for both D* p and D* +,5 with a mass of

3099+t 3 (stat.) £ 5 (syst.) MeV in DIS
The M(D*p) signal region have a richer yield of D* mesons and show a harder

momentum spectrum of the proton candidates

The data have been subjected to many kinematical tests which are all found to
be only consistent with the D*P hypothesis.

The background fluctuation Probabili‘l‘y is smaller than 4%107% .

The measured RMS width of the resonance is 12 * 3(stat.) MeV consistent
with the experimental resolution

The signal is also observed in an independem" Phofoproducfion sample

The resonance is in‘l'erprefed as an anti-charmed baryon decaying to D* _P and
its charge conjugate.

l+s minimal quark content is uuddc, therefore it is a candidate for a charmed
Pen‘l’aquark state.



|+ was a real collaboration

Many H1 members have contributed actively to this analysis. About 20
people have been more or less intensively involved.

| would like to name especially the younger scientists exph’cifly:

Katerina Li,pka did the second full analysis focusing on Yp in the end

Sebastian Schmid+ took the responsibility to provide the n-tuples and made checks

Olaf Behnke immediately jumped on the CPQ MC, did everything needed on generator

level, did many checks on sfabi/i'l'y and especially on significance. ..

Andreas Meyer immedia‘fely took care of the first simulation, RAW data retrieval,
did many cross checks...

Christiane Risler, Dimi'l'rij Ozerov. helped checking dE/dx from A and Kg

Beng'f Wessling tried to kill the signal - but failed

And many more...



