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 Charmonium production: Jly, y’, %,
m Open charm production: D?, D%, D°

n Hidden and open beauty production: o(b b), Y(ns)
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HERA

The HERA-B Experiment

ptA—>X @\s=41.6GeV
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HERA

The HERA-B Detector
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' Target & Vertex High p, Outer Tracker RICH Inner Tracker IElectromagnetic Muon System
8 layers of 3 superlayers 7 superlayers of  Spherical mirror | 7 superlayers of Calorimeter 4 superlayers of
double-sided gas, pixel and honeycomb drift inside CF,, Micro Strip Gas WIPb scintillator gas-pixel, tube &
Si-microstrips, | |} pad chambers; chambers, 5and  radiator, _ Chambers with sandwich, shash-|| | pad chambers;
movableon = | | pre-trigger for 10mm cells Lens-enhanced GEM-foil lik WLS readout pad-coincidence
Roman-Pots; high p, tracks multianode PMT : with PMTs: pre-trigger
8 wire-target focal plane. I energy-cluster
{See above} ._: pre.trigger
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The Dilepton Trigger @

HERA-B detector: data is read out and buffered for 12 us

(proton bunches cross every 96 ns, 0.5 interactions/BX)

=

3

Pretriggers: ECAL cluster or hit coincidence in
muon detector as trigger seed (custom hardware)

Second Level Trigger (SLT): FLT tracking confirmed,
extrapolation to vertex detector, vertex fit (PC farm)

<AV A AN
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HERA

Data samples B

Data taking is finished in 2003; analysis is in progress
m 150 M di-lepton trigger events
210 M minimum bias events
w 35 M hard photon trigger events

300 000 J/y: ete + u*w
w 60 M “glueball” trigger events 35 ( b W)
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Topics of di-lepton trigger analysis %

1) p, distribution
Xg distribution
A-dependence

polarisation

2) y(2s)/Jhy production ratio

w(2s)
3) % /Jhy production ratio
Xc
4) bb cross section =
bb
5) Y production
Y(1-3s)

6) (D°— pp)
Most results are preliminary
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Study of Charmonium Suppression

x; measures the distance the ceg state travels before

HERA

charmonium formation. = el
0.2 [5fm
0.0 5fm
Nuclear radius: Af =05 J|-:|;;,;| e -}. 0.2 | Sfin
o~ 3 Im.
W~ 8 fm. J/ L4 e’
Initial state effects: Formation state effects:
* Shadowling * Nuclear Absorption
* Parton energy loss * Comover Absorption
* Intrinesic charm * Energyleoss/maltiple

soft scattering

Positive x; =» ccg abandons the nucleus

L — o
before 1t forms a bound state. O .. .—G()’N

*Negative x; = charmonium is formed

before leaving the nucleus.

a#1 = “suppression”

22/04/2004 Hermann Kolanoski HU Berlin - HERA-B Results - Paris




J/y from Minimum Bias data J@

Important for cross section normalisation
of di-lepton triggered data
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o~ E Jopp
¢ 30 HERA-B : o :
é 25 Preliminary %’ms— ® HERA-B ¥
2 20 : 20 §e °
o Z% 102 égm
S 15
g 10’ 0= :
oo :
5| | 1 %
24 28 32 36 4 E o
M (') [GeV/c?] 0 107
Vs (GeV)
N, Result from both decay channels:
Sy = — - HERA-B ~2X higher than E771 / 789
€5, BROU Yy — i pt )'Zi AL measurements in this energy region (!?)
a=0.96
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o(pN— J/y X) (nb/nucleon)

HERA

Study of J/yy Cross Section Parametrisations

J/y total cross section (scaled to 0=0.955)

® HERA-B _— . S
Oy = 525.+ 42. nb/N at 41.6 GeV
1071

" /NDF = 38.21.

J/v cross section (nh/nucleon)

20
10 2 ¢ ¢
10 & 102k

g —  Singlet only

i CTEQBL, Q=M,, M,=1.5GeV/c? : —  Octet Ry, =0.37
1 GRV94LO, Q=M,, M,=1.45Ge I

GRVI4LO, Q=2M,, M.=1.450eV /c? — Octet Ry, £0.08

GRVI4LO, Q=4M_, M .=1.45GeV /c?

JEEE EETEE EETTE EEET EETTE ERTES RS PR TS Rrn
10 15 20 25 30 35 40 45 50 55 60

Lo center of mass energy (GeV)

10 1 02
Vs (GeV) Implemented matrix elements
: _ ME (GeV?) I ¥ xe
Fit of cross section data <Ol (s > 1.16/6 0.76/6
currently studied with F.Maltoni <Of(s)> o fit o ft
< O (*Py) > /m? -10? - - 4.0/6
< O (38) > 10 106 046 032

Biggest problem: inconsistent exp.data
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Entries per 33 MeV/c*

J/wv Production: di-lepton triggered @B

Mass Resolution HERA-B vs. E866
E866 (Phys.Rev.Lett.84:3256-3260,2000 )
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a o - 10° <R v 1
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S B R BRI R SN S B oot b 1y i
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J/y production: p- distribution

HERA

B
%%/ ndf 18.9/13 x*/ ndf 225/13
Ng A 3.48e+06 + 3.7e+04 NED-F . A 1.63e+06 + 3.2e+04
% wsll' Py 2.98+ 0.0697 % 10 Po 3.1+0.146
] n -6.08 £ 0.206 n -5.76 + 0.396
1 5: 10° dO' p 2 -n
0
] = A 1+[Tj
| . dp; Py
10 Carbon Tungsten - -
0 05 1 15 2 25 3 35 4 1 15 2 25 3 35 4
a) pr [GeVic] b) p; [GeV/c]
Prelimi Its for <pr> (GeV/c) (n=6 fixed)® w .. 1Skefee
reliminary results for <p;> (6eV/c) (n=6 fixed): 1w sample
Target electron 10%
C 1.24+0.01 1.24+£0.03 102
W 1.29+%0.01 1.30+0.04 ) }
10 =
01 ‘2‘ 3 4%
P; GeVic
11

22/04/2004

Hermann Kolanoski HU Berlin - HERA-B Results - Paris



<p;> (GeV/c)

0.8

Energy dependence of <p;> @

.+ Be AG

L @ H, NA3

- O Pt, NA3

- [ (C.CuW), E444
- V¥ Be E705

— or Be, E672/706
- X SLET

- % Au,E789

- A p ISR
— A p ISR
- O p ISR

Phenomenological fit

<pp=A+BJs

A- A
iy A=0.813 + 0.014 GeV/c
B=0.0105 + 0.0004 c*!
Js (GeV)
A dependence:
W wider than C
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Comparing X¢ distributions
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dN/dx, [nb]
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o
L]

10 035 03" 055 05 1645 0.1 0.05 0 0.05 03

CEM, NRQCD: calculated by R.Vogt

for HERA-B energy (pp)
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22/04/2004 Hermann Kolanoski HU Berlin - HERA-B Results - Paris

HERA

13




A dependence: a(X¢) @

o =0 . -A% o=N/e-L) o 1 1n(iwm )
C

_ . L. \ec
In(A, / A;) \Lw 5

B Lip ' e HERA-B Prel.
5 o E866
1051 0 NAS50

T ]

: 1 }i[ :

0.95F %§ 11T -

0.9 } }EE—:

0,855 1ot

-0.4 -0.2 0 0.2 0.4

t ’

FNAL E866
extended to xp =-0.3

i main syst.: “wire sharin
2-wire runs (C, W), pup data: in syst.: “wi ing
;%1'3 e HERA-BPrel.| '~ '
1 ° E866 ]
1.2r ]
\ L
L1F ]
HERA-B now ! T
L ) .
absolutely 1k _ ;{E% E
normalized T sz
0.9;O © ]
0.8:""'"""---I----I-...

« Samples have different wire configurations
= consistency check of acceptances
» Systematic studies ongoing
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HERA

v’ production: o(y’) / o(y)

N entries = 165923

~ - N entries = 96457
k) 7 Indf= 73 | 57 % 10| i
2 10¢ N, = 90466 + 349 2 F s e

= = " =
O F aty + S F N, = 42544 : 251
'] = _ 0 N
N = M iy = 3.093172 + 0.000163 S o M, = 3.092939 + 0.000250
o L 5 =
- o (M, ) =0.036023 + 0.000155 e o (M,,) = 0.036412 = 0.000244
2] — 2]
€ . R,. = 0.019177 + 0.000785 E10° R, = 0.018443 + 0.001310
3 10°— . 3 [

B ( : 10% |- t

107 — C P R R BT SR R Ll
2_5 .zl3 ) ;l' ) | P R R | P 26 28 3

N .
L L L L L 3.2 34 3.6 38 4 4.2
3.2 34 36 38 4 4.2 Dimuon mass [GeV/c’]
Dimuon mass [Gewcz]

Target N(J/y)
Tl 2w 1 C 90466 + 349
: i W 42544 + 251
L Ti 6137 + 94
Lo BRy(28) > 11" )-0,9 _ Ny &,
gL BRI ST )0y, Ny &4

Dimuon mass [Ge\h‘czl
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HERA

Acceptance of the J/y vs X, p+ |

2
10 E Geometry + Reconstruction + Selection
E '...........l.
10 T .*" Triggers ..
= ey T LLL L I
- ifg’.--. L “““h- . -.
1 o “1‘ “ = -
3 A Total 4 8

» Total acceptance is ~1%

« cancellation in the y'/y ratio

[ =
(4,
(=
i S
sf
-
s
MNE
[ =
—
o
o
—
(=]
[ ]
(=]
w

:Geometry + Reconstruction + Selection

sgugtent 3 @
......................C....C.."C". ot ¢

Triggers

i-'lln-nl-llln.n.l“..-!!!“!:ﬁ###%

T TFEET T 11
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Hermann Kolanoski HU Berlin - HERA-B Results - Paris 16




Fitting

of x; distribution for J/y

L
3 | | preliminary ST ey
- Pos .
< | -
o ;4:
ot
o —o v Indf=42/13
- 5, = 0.158+0.005
i xg = 0.5 (fixed)
SR X, = 0.203+0.015
|

Fitting function:

(fits well NRQCD, PHYTHIA)

22/04/2004

f(Xe | Xz 0,)
g(XF): F2 B’z
\/xM+xF
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B do(y') / B do(y)

v'/y vs xc for all data

003 preliminary
©0.0176 +0.0042 - |x,|
0.02|
0.01
L (0.0154+0.0010) + (0.015+0.011). ||
u_|..||||.|||.||||.|.||1|.|.||1
-0.4 -0.3 -0.2 -0.1 0 0.1 0.2
Xe

* |n agreement with NRQCD
« almost constant vs x;

Fitted by a + b-|x]
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Dependence on p+

-
o
.

0.03

0.02

B do(y') / B do(y)

0.01

7

preliminary

All data

(0.0134::0.0012) + (0.0023:0.0008) - p,

I IR
1 2

-
p; [GeVic]

Power-low is suitable for the fitting
Indication of p; dependence

:.E - "';..___ Iy preliminary
h B ,h.._:
2 10°L SN p,= 3.49+0.06
© ¢ S& 0 =7.76+0.19
Ly I o = '—t'.—'.
%105.;‘% T
- E ikt
Z I A, »
T il s
= e
C Y
10°-p,= 2.90+0.45 5
- n=5.33+1.14
10’:—
= P T T R S | | T |
0 1 2 3 4 5
p; [GeVic]
[}
[}
[ J
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How to treat different materials ?
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HERA
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B o(y’) LB o(v)

0.02

0.015

A-Dependence of o(y') / o(y)

Agrees with E866 value:

HERA
B

A-dependence should be taken into account:
Define R separately for C, W and Ti targets and fit:

R(A) = R,-A(0.026£0.005)

(R, will be the final result)

22/04/2004 Hermann Kolanoski HU Berlin - HERA-B Results - Paris

| preliminary . .
C (0.0173+0.0017) . A" 0012:002) aly) — ay)=0.02620.005
? R=Bo(y)/B o(y) LD
N C: (1.667 +/-0.069) %
i S S W: (1.596 +/-0.114) %
I ‘} Ti:  (1.979 +/-0.293) %
- C Ti w All:  (1.659 +/- 0.058) %,
1 . L . (as one sample)
10 10?
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Energy Dependence of o(y') / o(v) @

3.5

2.5

Bo (v )Bo(JAy) [34]
[ ]

L
i
L
+ .

i )
15 % HERA-B

preliminary

0.5

15 20 25 30 35 40 45 50 55
\Ns[GeV]
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5000 |

4000 r

3000 -

22/04/2004

Y. | JIv production ratio

I I BV I 7 e R A I I
Pl 1281, 190.3
+ P2 04190 0.5706E-02

P3 0.3592E-01 0.35224E-02 |
P4 0.2001E-01 0.6846E-04

Background shape
from event mixing

HERA

observed in radiative decay

Y. Jd/yy >y

2
leal -BR(x, = J/yy) N

X EJ/‘//

NJ/!// gzcgy

moewmseesl Anglysis of 2002/03 data:

0O 01 02 03 04 05 06 07 08 09 1

Am (GeV/c?)

R}(c
"'|""|"""'.2_;|___','_,__‘.-'|'55_H‘;,"4|5""|""|"'n'
+ H I _ « Carbon target
* Mﬁm it 4H

Hermann Kolanoski HU Berlin - HERA-B Results - Paris

« Comb. background by event mixing

+ TH |+ In~10% of pu- statistics about 1300
}[ _ « Expect N(y.) ~ 15k for full sample
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Y. production: results

Published result of 2000
( Phys. Lett. B561(2003) 61)

N(y.)=370+74
R, =0.32+0.06(stat) + 0.04(sys)

10% of 2002/03 data

R(y.) = 0.21+0.05

Systematic studies ongoing
(e.g. efficiency dep. on polarisation)

o 1

o
0.8
0.6

0.4

0.2

Electron channel gives compatible

result

22/04/2004

v A

o A

HERA
B
opA

¥ pA (HERA-B)

_ =N
- —_ - —-DpN

}N

— ~ CsM
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HERA-B point agrees with NRQCD but
NRQCD underestimates R at low E__,

23



Open Charm @

« Search for FCNC in the decay BR(D%—pu*u-)

see: Phys Lett B 569 (2004) 173 (hep-ex/0405059)

* Open charm signals in minimum bias data
- Production Cross Sections for D9, D*, D™

- Production Ratios D*/D% and D™/D?
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Open charm signals in minimum bias data J@

DO—K-7t D*>K-n*rt D*—> DOnt> K ntn*
o F Y, 40 U T
2 s E 30-_ 2 ]O B
= 30 = 'F !
- 8 20; ig)" 6
s 20_ 2 | kS
l'.I:J ]0 g L% ]0_ 1-5 4 ]
: %% 2|
Ob Obo i B 0
14 16 18 2 22 14 16 18 2 22 0.14 0.15 0.16 0.17 0.18
K™ Mass [GeV/c’] K ' Mass [GeV/cA] M (Knm) —M (K Tt) [GeV/cd]
Events: 189 + 20 Events: 98 +12 Events: 43 + 8
M [MeV/c?]: 1863 + 3 M [MeV/c2]: 1866 + 2 AM [MeV/c?]: 145.9 + 0.2
c [MeV/cy: 25+ 3  [MeV/cy: 15+ 2 o [MeV/c?]: 0.89 +0.15

N

w Production Cross Sections for D?, D*, D** > = &R 2 i

n Production Ratios D*/D’ and D*/D’ & Z AL
Assuming A? dependence with a =1
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Opp | wb/nucl]

22/04/2004

Open Charm Production

~
<

: = 2t
* Preliminary E653HE1§A B & |
LEBC-EHS [I A 1.6f Preliminary
i LEBC-MPS © ¢
} E769 :
i 1.2F LEBC-MPS
ACCMOR g E653
I 08’ E769 LE%BC—EHS HERA B
1 E653
Opp = E((TDO + GD*) 0.4 _ E {k jWAgz % 1 I
" E7?69 Isospin Model
02 04 06 08 I %1520 25 30 35 40 45
E Beam [TeV] Vs [GeV]
Preliminary —0.1 <xp <0.05 full xp range
Opo [ ub/nucl] 214432436 56.3+t85+9.5
Op+ [ub/nucl] 1151 TE£2.2 30.2+4.5+5.8
Op«+ [ub/nucl] 10.0+19+14 21.8+52+39

0.54+0.11x0.14
0.49+£0.12+0.10

Ratio Op+ /ODO
Ratio Op*+ /UDO
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HERA
B

PYTHIA
underestimates

D+/DO0 ratio
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(ub)

GPE —a
D'+D

Open charm production: models

DO

CTEQSD 42002}
GTEDQEM {2002}
MRST cg 42001}
G FWasHO (D15}
G AYasHO ¢ M5}

22/04/2004

15

20

———
25 30 35 40
s (GeV)

D-l_-

HERA

ey
=
o
m-‘-
an
=]
10
1 -
=]

pp — DYD"
A =0

GTEQED 2002}
GTEQEM 42002}
MRBST c-g 42001}
GRVasHO (D15}
GRVasHO { WS}

20 25 30 35 40

s (GeV)
Pythia requires K-factors ~1.5 and ~ 4.5 to describe D and D* data if m_.=1.5 GeV
Smaller m_require smaller K factors but predict smaller increase of c at higher E
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Beauty Production J@

Detached vertex analy3|s E | RDio=531#4um 0%~
L : Py
8 3 i i R
£ nao " 10%k%, W Real dataJiy
Primary - © %, W MCPromptJy
Vertex 102 ;H B MChbtoly
I _— == 102 ‘i 'm} L
PA—b b+X T - vw o |
‘ 10+ I M N |
[ | 3
Jiy + X | WWW
‘ St S PP
+ Aa- +, - H ‘ ‘ h ‘ ’
e e,uu Ly, “\ |
-2 ) H<
Az (cm
1 0 00z 004 006 0
1 (cm,

Cross sectlons normal‘i‘é@’a to prompt Jiy "
PA — Y(ns) + X HERA-B used E771/E789 data:
|—. e*e, ptw o(pN =2 J/y X) = (357 £ 8 + 27) nb/nucleon

(with oo = 0.955 + 0.005 and energy rescaling)
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Open beauty production

S

40

[EEY
N

(\l8 - i -8 - -
S35 upstream 3| 35| dowBstredmn = 14P£016ps 3
2 B - ﬁ_j 1* TN +
3 30 - x| T ee
=t =| 462+ dPany ... .
i B08 T
£ N B I e+e—+ +
=) T L Hop
C -
w 20— = -
i Sl

15+ 2 -

10— E

AT ; |

0‘H‘HHH“H‘H‘*“““‘H+H R R

25 3 35 4 24.5 0 25 3 03514 251.53 4 5
u'u” invariant mass (Gev/cY) wu invariant mass (GeVv/c) ifetimet (ps)

HERA

=
o
w

=
o
N

Eff weighted entries (a.u.)

10

2

T, =1.39£0.19ps

b)

N\

0

Analysis of 2002/03 data:

 Full e*e- and p+u- statistics
 Carbon + Tungsten targets

(90% of bb cross section)

w J/y acceptance: -0.35 < x< 0.15

22/04/2004 Hermann Kolanoski HU Berlin - HERA-B Results - Paris

2

4 6
proper time (ps)
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Open beauty production

Ng 1
N,y & &5 -Br(bb—J/¥)

O =03vw"

Relative to prompt J/y
to minimize uncertainties
from efficiencies, luminosity ...

Preliminary results with full statistics

GGy = 0.033 £ 0.005 + 0.004

Syst. error mainly from B(b—->J/vy)
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Beauty Production Cross Section @

Normalizing to 5, from E771 and E789
o(pN = J/y X) = (357 £ 8 £ 27) nb/nucleon

S | = HERA-B (2004) . .
g 102 v HERA-B (2002) N. Kidonakis et al. (2004)
E | LEM L g =9.9 4 1.5 + 1.4 nb/nucleon
S [ e ET7L Ko -
=10 | nSte [ N |
Qo R ST Y (preliminary, normalized to FNAL data)
© K -z
1 ; | will change with HERA-B minbias data
R. Bonciani et al. (2002)
10 -1 T B R R S R R B A B A R R R

400 500 600 700 800 900 1000
Proton energy (GeV)

2000 data: Eur. Phys.J. C26(2003) 345
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Hidden beauty production

ny Brd/¥ -l &

Oy =0y,

HERA
B

+1 - Y
n,,, Br(Y->I1T) ¢
w 10 3¢ u10°
¥ F L]
£ ¢ $
5 3
107} 33+7 Y-y 10° 31+10 Yoe'e

Dfell-Yan rell-Yan

1| | l
10 -15_ }'I | " \
> ® ! ; 9p+u_in11ugﬁant m}1155 (G‘EV%Z 6 : 10 e%zinvaﬂantlr%ass (GeV)

M(utu) (GeV/c?) M(e*e’) (GeV/c?)
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Hidden beauty production @

Events Bre do/dy | y=0
Tl 3317 3.9%1.1 pb/N Norraied o
e*e- 3110 2.9%1.2 pb/N FNAL prompt J/y
both 3.4%0.8 pb/N
M All C and W data used ;% 10 R s g /L//"%i’
(150 M evts) g = /i/,/ﬂ .
= . Hera-B, preliminary
 Modified Craigie applied to /
allow for nuclear suppression: B ‘
2=0.99+0.05 © (
Br> d(;TY y=0 (\/g) - Go cXp (_%j | Aa_l 2] 20 25 30 35 40 a5 50 55 &0 65
Vs (GeV)
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Summary %

HERA-B collected 300k J/wv and 200M min.bias events on different nuclei

Preliminary results are presented on:

J/ y cross section, x; and p; distributions in a new negative x; range
J/y A dependence shows a flat behavior in this region

Fraction of x. and y(2S) yields relative to J/y

D0, D+ and D*+ cross sections and relative yields

Open and hidden beauty cross sections

Final results on these and other topics are expected until the end of 2005

Main problem: systematic errors must have been underestimated by some or all experiments
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