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H1 experiment at HERA accelerator

HERA accelerator at DESY (Hamburg, Germany)
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H1 experiment at HERA accelerator

H1 Detector
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H1 experiment at HERA accelerator

D*p event in DIS at H1

"Spaghetti” Calorimeter

Liquid Ar Calorimeter

Central Jet Chambers

41

- drift chambers, acceptance: 200 < 6 < 160°

- simultaneous charge and timing information

- B=115 T — measure transverse momentum of charged particles
==p Tracking , Particle ID via dE/dx
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et 27.5 GeV  p 920 GeV

Heavy flavour production at HERA :

Dominated by Boson - Gluon Fusion (BGF) in LO: yg — cc (bb)

e* (k) ex(k')
ep kinematics: /s = 300 - 318 GeV
Y (q) * 4-momentum transfer squared Q? =-g?;
<~ * Bjorken scaling variable x = Q2/(2 q P)
I . * inelasticity y = qP/kP
¢ * mass of the hadronic system W2 = (P + q)2
p (P) g(x,)
>

Kinematic regimes:

- Q% <1 6GeV?: Photoproduction, yp (scattered electron escapes the main detector)
* Q2 >16GeV?: Electroproduction, DIS (scattered electron detected)
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Charmed pentaquark search at H1

Inspired by the evidence for the strange pentaquark © in K*n and K°_p
Why not a charmed pentaquark ?

If ©+ formation is due to fragmentation process
—> Features of O, similar to those of ©*

Look for charm pentaquark state via it's decay

©. — charmed hadron + baryon

Charm fragmentation: f(c - D*)= 0.248 + 0.014 , f(c - D**)= 0.233 £ 0.009

D* production at H1 is much more feasible experimentally

Selected channel: ©, - D*-p (+c.c.)
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Charm pentaquark search at H1: D* Signal

- "golden " channel: D**-D°;* - K " ;" (+ c.c.)
- apply "mass difference method": A M(D*) = M(K tr, ) - M (K )
*+ 1996-2000 data, DIS regime (Q?>16eV?), Luminosity = 75 pb-!
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Charm pentaquark search at H1: Proton selection

Particle identification at H1 via energy loss (dE/dx) measurement

dE/dx [ MIP ]

H1

average dE/dx resolution (MIP) 8%
most probable dE/dx parameterized:
* Bethe-Bloch-like function

*accuracy 3-5%

use dE/dx measurement for background suppression
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Entries per 10 MeV

Invariant mass of the D*-p (D** p) system

use mass difference method again: M(D*p)=m(K 1t 11 p)-m(K 1T T0)+Mpps(D*)

40 —

D* p+D*'p

wrong charge D

30 |

20 |

@ significant peak in opposite charge D*p
@ no enhancement in D* Monte Carlo

[] ho enhancement in wrong charge D

10 |

Background well described by D* MC
and “wrong charge D” from data

M(D"p) [ GeV |

narrow resonance observed : M=3099+ 3(stat.) + 5 (syst.) MeV

- equally significant signal visible in separate D™p and D*p

» signal visible in different data taking periods

K. Lipka
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Invariant mass of the D**p (D*- p) system

% 40 [ | | | T
= H1 |
2 i + -= 1
v 30 « Dp+D"p ] ; "
g i wrongcharge D ] Background well described by D* MC
@ D" MC and “wrong charge D” from data
=
=
L
M(D*p) [ GeV ]

@® ho significant peak in like-charge D*p

B no enhancement in D* Monte Carlo

1 no enhancement in wrong charge D
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A Typical D*p Event

Look - Run 266345 Event 472 Class: 15 2027 29 Date 1203/2004
r-phi viewof CJC r-phi view of CJC

Events are scanned

NO anomalies observed:

* no split tracks,
* nho wrong reconstruction...
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Does the signal come from D* ?

(D*p) side bands

;0.17?// . 60—
N 1.'|! o D*p + D*'p H1
é v IIE. E_ - & signal region
3015 AL g a0 + D debands |
=
L
g 20 L
2 o H
= .
X
fa) | i
| | 0......I...I...
- - - 0.13 0.14 0.15 0.16 0.17
3.6 3.8 AM,. [GeV]
M(D*p) [GeV]
D*p signal region Normalization to the width

of the windows in M(D*p)

—p the (D*p) signal region is richer in D*
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Does the signal come from protons ?

E 5_ 'K' 'p""' oo nrr % 30 — 1 ' T T 1 T T T T T
= | \ \ 1 = <L(p)> = 0.92 H1
b 4 H : : 5 - e D p+D'p
E | Use this region ] 5 i ]
S (| with L(p)>0.5  |[ P(p)1.2 GeV | § 207 + M S -
3 SR =
[ =
N w
2 | _
1] _ -
: ] 3 3.2 34 36
0 — M(D"p) [ GeV |
10 1 10 M(D*p)=3.104 +0.003 GeV

Signal is there for well identified protons
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Does physics change on-resonance ?

%3000 [
= . K:Fi'tiﬂ'ti
. o . g [] wrong charge D
Single par’ruclg momentum spectra 7 2000 ]
are steeply falling g
. i 1000 N .
- Harder spectrum for particles -
from decay due to mass release |
%13 0.1411' d\15 016 017
» Harder spectrum for particles T Mo [5eY]
from decay of charmed hadrons 2 .,
due to hard charm fragmentation 5 109
g
Example: momentum of 1 from D* g 102 .
harder than combinatorics : - _ . e
10 L |For illustration -
O._1 - I012I - I013I - I014I | a.5

pt(ﬂs )
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Does physics change on-resonance ?

look into momentum distribution of proton candidates without dE/dx cut

momentum distribution in the signal region is harder than in sidebands

. T = 0.17 20
2 I > .
E 1020 D*p +D*'p H1 é 1..I : 13
& L = “f 16
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o i [ side bands E Q.16 r n . 14
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= B=1:86+0.13 12
S 10 E i 10
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p(p) [ GeV ] M(D*p) [GeV]
Signal region
physics changes on-resonance ! B=1.27+0.09
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Does physics change on-resonance ?

look into momentum distribution of proton candidates without dE/dx cut

look into D*p combinations for p(p) > 2 GeV

> [ T s 20 — ——
% I
E 102 L ID*p + D*'p H1 B = H1 ]
% ] Q I ]
g -+ #® signal region ] : 15 e D'p+ D*-lf_:' -
=B I [ side bands ] 3- - wrongoharge D ]
§ + + T 0 iT n*ug
§ o gl —
1 E HT +
0 1 2 3 4 5 3 32 34 36

p(p) [ GeV ] M(D*p) [ GeV |
prominent signal is visible
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D*p signal in photoproduction

2 q00 g4 1 -total: 4900 D* to start
= YD H1
© : .1 -peakobserved af the same mass
- * Dp+D" 1 - no enhancement in non-charm bg
vl ++ L] wongchaeed 1+ 95 % bg due to non-charm
2 .
£ 50 |
Background well described by
2 wrong charge D from data
0 I 1 1 1 1 1 1 1 1 1
3 3.2 34 36
M (D*p) [ GeV ]

Photoproduction more difficult due to large non-charm background

but
‘ independent confirmation of the signal
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Entries per 10 MeV

30

Significance estimate

20 |

10 |

H1

. D*p+D*TJ/

— Signal + bg. tit
- Bg. only fit

background + signal hypothesis Fit:

"Erl ; +— [ i m
! :
| I |\“| +| 1 + | 1 + I
3 32 N, 34 3.6
® ~ M(D"p) [ GeV |
\
\

/Mass: 3099 * 3(stat) £ 5(syst) MeV

Width: 12 £3 MeV

(consistent with experimental resolution)
Numbers of signal and background
within + 24 MeV

N, =450+28

Ng=50.6 £ 11.2 ( ~ 1% of D* yield)

Significance estimate based on the background only hypothesis (binning free)

— Background fluctuation probability: 4 x 10-8 (Poisson) =5.4 o (Gauss)

Difference in likelihood of background and signal+background fit: v2Alog L = 6.20
(Test independent of peak position)

K. Lipka
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Search for a charmed pentaquark at ZEUS

ZEUS

45 :I T 1T I L L I LI I LI I LI I LI | LI I:
40 E (8) o ZEUS 19952000, D*F — (Kmim, =
= CF = 1 GeV®, H1 selection criteria =
wrong charge (Kajm_ =

1995-2000 data, 127 pb!
selection of D*, p similar to H1

D**MC

DIS (Q%>1 GeV): N (D*) = 5920
v (Q%1GeV): N (D*) = 11670

Combinations per 10 MeV
M
n

NosignalseeninD*p 402:::::::.::::::::::
Limits on ©./D* for DIS: 30 — |
|

R(O, - D*p/D*)0.51% @95% C.L 20

—_—
—_—
+I

—&1

H1 vs ZEUS 31 3z 33 34 35 36

- different phase space might be explored M(D"p) = AM™ + M(D"}p g (CeV)
* ©, and D* production mechanism may be different
- more work to understand the differences has to be done
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Summary and Outlook

: : D*p candidate event in HERA-II
- evidence for a narrow state decaying to
D*p ln DIS aT H1 ) CC(I‘\dIdC(Te for. UUddE + C.C Look -  Run 376907 Event 70590 Class: 11 12 1315 15 20 27 28 29 Date 11/05/2004

r-phi view of CJC r-phi view of CJC

- signal due to D* mesons and protons

* harder proton spectrum in the signal region
- signal is visible in photo-production

* no confirmation by ZEUS

= more understanding of D*p production
dynamics needed

- acceptance corrected yields on the way

* new data on the way
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Search for Strange Pentaquark: K¢ Selection

=
—
=]

o 6" Kgp (67— K5p)
reconstruct K&p(p) inv mass

8
(=]
|

¢ Inclusive DIS event sample:
96 — 00 data = 121 pb~*

e K Selection

pr(Kg) > 0.3, [np(K2)| < 1.5
remove A and -y conversions

Combinations / 0.002 GeV
8
[=]

3
=]
I

M"""""l"""""
o n
04B 0.48 0.3 0.52 0.54

Mx'n) (GeV)

e Peak: 498.12 4+ 0.01 MeV

e Background: < 6%
e Candidates: ~ 870,000

e Resolution: 2 + 5 MeV (MC +

consistent w/ K* measurement)
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. Proton Identification

(anti)proton selection — define ionization band in dE/dx

. ZEUS }
— !_‘ ¥ 1 1 L L LI T L
Ee@ \( \P ZEUs1es2000 e expectations tuned using
x 5| \ (@) D™ — (Kx)x, ; )
3 j | \ i tagged protonsﬂand pions
| from A and Kg decays
2 45 _ e Strange pentaquark
' dE/dx > 1.15 mips
OET T !
eE\k \P o otokmmx, 4 (P <18GeV
5 | M(D"p) < 2.6 GeV ~ 60% proton purity
: e Charmed pentaquark
. l, >0.15 =
1| A(l, > 0.15) = 85.0 + 0.1%
L el
E;n" 1 10
P (GeV)

] Amita Raval Exotic Hadrons 2005



. Search for Strange Pentaquark: (Phys. Lett. B 591)

©" Signal = pr(e*) > 0.5GeV, [n(61)| < 1.5, Q2> 20 GeV?
ZEUS

o M:1521.54 1.5(stat) >3 (syst)

e Gaussian W: 6.1 + 1.5 MeV
BW Fit: '= 8 £ 4 MeV
= compatible w/ experimental
resolution ~ 2 MeV

e Fit: 3P Background +
2 Gaussians = ~ 4.6 o

o x>/ndf = 35/44

e single Gaussian fit = :
worse x?/ndf, peak robust wo- g

T |§|

Combinations / 0.005 GeV

EEETETY

----------

200l
1200
160
1 It =35/ 49 140l
penk= 15215+ 15MeV (oo | [T '
width= 655164V (ool VAT
events=221+ 48

o if K2p interpreted as ©* then
K2p = ©~(antipentaquark)?

T PRl PR s Pt i il
145 15 18 18 186 1T |

:||||:“*|>.o:{||i‘g|||||||||||||||'
145 1.5 155 1.8 1.85 17

AA f2aldy
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. ©7Cross sections and ratios (07— Kp / A— pn)

Q%> 20GeV?%, Pr>05GeV, |9 <15

ZEUS ZEUS
E‘ m-lllllllllllllIIIIIIIIIIIIIIIIIIIIII- ?u““_"""'lllll|llll|llll|lllllllll|ll-
o = [ ’
- » ZEUS (prel.) 96-00 L  ZEUS (prel.) 96-00 -
2 280 . = ]
14 & 5 ’
Al : 0.04<y < 0.95 _ "T'-' 9.5z 0.04<y <0.95 -

@ 200f- P, >0.5 GeV - N ; P, >0.5 GeV
[} - - g 0.1 —
L . k15 i 2 ; <15 1
150l + J 008} _ T4
. N I T [
[ i 006 3 -
100} 4 = [ |
= i 004 T .
50 ] I B .
C 5 ﬂm_— -
u-llllllIIIIIlIlIIIIIIIIIllIIIlIIIIII- uLI.I-LLLI-I—LLIJ.IJ-I.LLI—LI—LLI—LLLI—I—LLIJ.I—LLI_- A
20 25 30 35 40 45 50 20 25 30 35 40 45 502

2

Q2 (GeV?) Qi (GEV)

o o(ep — e®7X): 125 £ 27(st) Tio(sy) pb

o N(©Ft — K°(p)) / N(A(pr)) as function of Q2.
4.2 4+ 0.9(st) T 12 (sy) % = production rate consistent w/ a constant
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. Search for NA49 signal with ZEUS: 1

NA49 analysis repeated

o B o E 1 = A% —
pr mTwT

¢ Inclusive DIS event sample:
96 — 00 data = 105 pb "

e high stats, small bground

gm LI L B ﬂ' A T gml. """ T T T
im: . ::.m{pmmill a Em‘ b
L] :mrum | ‘ : Em: 'ﬂ

© cancidates: | 4 candidatas : J|
e | | T S581266 | |
w4 {e
s | s I
iy | -
o f . oo

f

s \"H—;
v l-ﬂ‘.n.m..uﬁuc :
TH | N I s B LA

b [ [ R
11 11658 1.1 L5 1.2 1125 112 11 1106 191 1115 12 1425 193
Wi Gy )

MiprNGaV)
T I ] I I
a © v ZEUS (W) 600
% —
T L g ’| a b
" i B
- 3:
o 1361 46 -
0.
15 | s
50~ ! A -
. . " 1
o m l‘l Iy & ] il P88 i
126 1238 12 1.2 13 136 126 128 17 132 1. 1.%
M i GeY) M Gav)
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. Search for NA49 signal with ZEUS: 11

ZEUS

11111 | zem(w)m:.n_ é ._:
: .,,.;;I,W.'W‘h"a'ﬂm T £
u 4

Entries / 7.5MeV

|| anticipated HME signal ot

T 2.4 28

Clean =} },2(1 530) but. . HEEED

NO pentaquark 5'9“3| Four channels
(produced in forward region?) combined
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. In Summary...

©1(1522) = peak seen in M(K2p) and M(K2p)

e For Q% > 20 GeVZ:
M : 1521.5 £+ 1.5(stat)* %8 (syst)
natural width compatible with detector resolution
— consistent with strange pentaquark

o ©F(—=K%)/ A(= pr) = ~ 4%
production rate consistent with a constant ...

o Kp: first evidence of antipentaquark? = fragmentation
=~ ~(1860) = No Signal

e not confirmed by ZEUS
©.(3099) = No Signal

e more than 62,000 reconstructed D*'s

e ZEUS data are incompatible with H1 report of
©. contributing 1% of D* production ratio
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Example of a kinematic test: possible D*1t reflection ?

Assign pion mass hypotheses to the proton candidate

- * *
@ M(D*m) vs M(D*p)
g H
— .
S peak 220
o o o
E 3.5 - oOoOooQn
oo OO0OO Oao
oOJoooOoDooooao
o ooJOOQdoO oooao
odoO0O0OOOooo0 ooQgoao
I o OOoo0o0O0 Ooo O oo
3 — OOcooooono on o
o o 0 ogdo[] oOoOoao o
» oododode 0O0Ow oo
—F— 7 {IEEIEIDEIEIDD o o oo
I DDE@] O00dodoocoOoo Ooo o o
-g T ooOoQd |[Ooeeceepgede o
S 25 BO0O0O0cce0n o o o
0 e ojoooo=s =6 = —=&==
|:| OOOooono
oodo ]
L . 2,00 I P I B
3.6 3.8

M(D p) [ GeV ]

Look into D*minvariant mass

distribution in D*p signal region

D2—>D* Tt

. D1—>D* Tt

30 p r T 1 1 T
[ e D"p+D"p Hl .

D'p MC

wiong charge

o' MC
20 - D,+0; ME |
10 _ j#i _

T —

L I Loy |
2.2 2.4 2.6 2.8 3

M(D'7) [ GeV ]

Pion hypothesis excluded !



Example of a kinematic test: possible D*mt reflection ?

Entries per 20 MeV

Reflection: assigning pion a proton mass shifts M(D*m) towards higher values

Does it happen in our case?

Loose D* cuts

600

200 rf”ﬂﬂp/'

D* cuts of D*p
& pion selection

0 ‘ |. RO e i > il DN e e P S e Y O

/ & pion selection

X

22 4 26

N

D* cuts of D*p
& proton selection
(consistent with MC)

28 3
M(D*x) [ GeV |

Entries per 10 MeV

D*p mass spectrum

—
_ H1
30 * Dp+Dp

|:| D,+D., window

36
M(D*p) [GeV ]

\__

Expected only 3.5 events from data

===p The signal can not be a reflection !




D* in DIS and Photoproduction

Deep Inelastic Scattering (DIS): Photoproduction (yp):
* scattered electron in SpaCal * electron escapes the main detector
- 2<Q?<100 GeV?, 0.05<y<0.7 - Q%2<16eV?
> 1000 g T T
o - t H1 1 3000 - vp H1 |
) o = .
?‘; 800 - . K;niﬂ:: ] g . o KT
% | $ [] wrongchargeD | % - ] wrong chargeD |
2 600 - . S 2000 -
: * - ;
. $ 0
400 |- . -
I . 1000 |-
200 -
L 0 I L L L | L L L | L L I | I
Q ———F 0.13 0.14 0.15 0.16
013 014 015 016 017 T
AMp. [ GeV ] AM,. [GeV]

“wrong charge D" : fake D° (K* m*/ K- 1) + 15 : hon-charm induced background

Non-charm induced background much higher in the case of Photoproduction



D*+ vs D+ in H1 detector

D pseudoscalar meson
fragmentation: f(c -~ D*)= 0.248 £ 0.014

D* vector meson
f(c - D™)=0.233 +£0.009

without with lifetime tag D*.DOon (KM
_ - ~ 2000 — T T T T T T
"t ot = Kn'n” Pl = HL prel 2
; ;- N - Flt [Ty # H1
315000 — 5 o .4
3 W 3 = 1500 | L] . Kininl 1
E N E :‘ . ] wreng charge D
2 1003 — & g
9 - £
E 7 = w 1000
L] L]
Z 5000 — Z
| no ©ST life time tag 4 CST life tirme tag: 5, =8 500 -
0 [ 17 T 17 7T 71717 [T 17T T 17 7T 7117
1.7 18 19 2 17 13 19 2
mikar) [ Gevi® ] m{ Koo [ GeVie® ] oLt |
too high background  too low statistics 013 014 015 016 0147
AM,. [ GeV ]

Mass difference technique AM(D**)=m(K 7tn)-m(K Trr)

=) D* is more feasible for charmed PQ search !



Summary of additional investigations

Events are scanned: no anomalies found
Acceptance effects: looks OK
Reflections from D,;, D,,D**—D*mn (expect 3.5 events in D*p signal): no!

Mass correlations among the particles making the D* and the D*p system
— search for real or fake peak structures, e.g A, A .. no enhancement

All possible mass hypotheses applied to the particles making D*p system
— search for real or fake peak structures, eg K, ,@, f, .. no enhancement

mass correlations among the proton candidate and the remaining charged
particles of the event with possible mass assignments have been looked at

— search for real or fake peak structures, eg K, ,@, A .. no enhancement

All tests we could think of are passed |



Summary of additional investigations

H1 observation in ep - ccX
R(@C—> D*p/D*) = 1.46+0.32 % (uncorrected)

Negative results for 6. from:

prelim.

ALEPH e'e- - Z0 . cc
CDF PE - ¢cc X .
BELLE e'e - Y(4S) -~ BORO

Not contradicting H1

B(B® - ©,pm)xB(O, — D*p)/ B(O, — D*ppm)11% @ 90% C.L.

ZEUS ep - cc X

Different physics processes investigated

—

Physics seen by ZEUS should be directly comparable to H1




H1 experiment at HERA accelerator

H1 DIS event 11/10/2003

"Spaghetti” Calorimeter

Liquid Ar Calorimeter

| 1K (NI RR!
= I ¢
—— p

Central Jet Chambers

41

- drift chambers, acceptance: 200 < 6 < 160°

- simultaneous charge and timing information

- B=115 T — measure transverse momentum of charged particles
==p Tracking , Particle ID via dE/dx
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