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Motivation: Why collect proton data?
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e NA5O studies J/1) production in
Pb-Pb collisions

In order to distinguish between

J/1p absorption in nuclear matter &
any J/1i) abnormal suppression

it IS necessary to do a systematic
study with several systems where it is
assumed that only normal absorption

plays a role.

* A good baseline is needed

— Such a baseline can be provided by
proton-nucleus data.
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The state of the art (QM2002)
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® Data are plotted as a function of the
average distance traveled by the cc
pair through nuclear matter.

e A Simultaneous Glauber fit is
performed using & 2

Yoo9_45
results from

— p-p, p-d at 450 GeV
— p-A 98/00 at 450 GeV

— S-U at 200 GeV

® The line joins together the results of
the best Glauber fit which leads to

0¥ =44+40.5mb
(x?/dof = 1.0)
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The experimental setup
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J /1) is detected via its decay into muon pairs J/w — /L+,U,_

Dimuon detection In:

2.92 < Yrap < 3.92 |COS (9(}3| < 0.5

Proton beams at 450 or 400 GeV energy
— 3 Independent detectors to measure the number of incident protons

Several fixed targets: Be, Al, Cu, Ag, W, Pb

Typical acceptances:
— A7V =138 %,

ADY . =145%,

AY' = 16.3%
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NASO p-A runs

Data Energy target targets beam intensity NI/ ¥
sample (GeV) thicknesses (protons/s) (X 103)

1096-1998 450 26-39% Aj Be,Al,Cu,Ag,W (4-13) x10%  350: 800

1998-2000 450 26-39% Aj Be,AlLCu,Ag,W  (0.8-2.5) x10%® 80: 180

2000 400 26-39% A\;  Be,AlLCuAgW,Pb  (9-13) x108 38 : 68

® Absolute cross-sections from data collected in different years are affected by
different systematic effects giving additional problems to the study of the
charmonia absorption using several target nuclei

®* To miNnimize such systematics, the last NA50 p-A run was taken
— On a very short period of time at high intensity
— Using 6 targets on a run by run rotating regime

4

The goal of the last 2000 NA5O p-A run was to precisely measure the
J/1p absorption cross-section
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Analysis method
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Opposite sign mass spectrum
Ingredients

Iy — utu”

P = T

< Drell-Yan (q@ — u* ™)

— Simultaneous semi-leptonic
decays of open charm mesons

— Combinatorial background

Ny = 2RVN++*N—-

MC Is treated as real data
—> Acceptances and line shapes are
determined via Monte Carlo and spec-

trometer simulation
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DY cross-sections at 400 GeV

o o o o

[EEN [EEN [EEN [EEN o

(NC) s o (S) N
\ \ \ I

o
-
\

0.08 -
0.06 |
0.04—

0.02

 NA50 2000, p-A 400 GeV

I

[ \\\\\\‘ [ \\\\\\‘
10 10°

Target mass number

DY DY 0
O-p—A — O'O X A

aPY is expected to be 1 since DY

production is proportional to the
number of nucleon - nucleon col-

lisions
The fit to our data leads to
aP¥ = 0.986 +0.018 & 0.008
(x?/dof = 0.6)

INn nice agreement with the
expectation.

Nuclear effects (shadowing) are

negligible in the explored phase space
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J/vy and ¢’ absorption in nuclear matter

o’/ = 0.931 +0.002 £ 0.007

(x*/dof = 1.4)
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% Data show a larger 1)/ absorption as compared to J/
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The Glauber model

w,p ° Taking into account both
processes

®
bt — production of the charmonium state,
— Possible absorption on it’s way through
nuclear matter, we get:
Op—A 1
; . — 0y X
—> Charmonia production follows A (A —1)oaps
the hard process cross-section / 2b e~ (A=1Ta () oabs

op—A = A onN

_ _ T'4(b): Nuclear thickness function
—> After production, charmonia

states can interact with the sur- ® Charmonia experimental
rounding nuclear matter with a given Cross-sections can be fitted using this
Cross-section (O'abs). Glauber model with 2 free parameters:

— 00, Oabs
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0. results with Glauber model
e J/1) and 1)’ results
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Comparison: All NA5O p-A data

* 3 NA5O p-A data samples:
—> 96/98 data, High Intensity, 450 GeV [1]
—> 98/00 data, Low Intensity, 450 GeV (average of analyses [1,2])
—» 2000 data, 400 GeV

e Values from the different p-A samples
Individual o,1s, p—A Glauber fits

Data V5 Gev) || % (mb) | x%dof | o¥ (mb) | x2/dof
1996-1998 (HI) ||  29.1 4.8+ 1.0 08 | 80+14 | 12
1998-2000 (LI) 29.1 4.7 4+ 1.0 (%) 1.0 6.0+ 1.9 0.6

2000 (VHI) 27.4 42405 0.9 || 96+16 | 20

e All results are cOMpatible — perform Simultaneous fit

Buua(w)
o(DY2.9_4.5)

(*) Estimated from

[1] Euro Phys J C, in print.
[2] B. Alessandro et al. (NA50 Collaboration), Phys. Lett. B553 (2003) 167.
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Simultaneous fit

 Method to estimate J/i) absorption
—> Use the best estimate of each individual analysis ( or )
— Fit all samples with a cOmmMmon o ps
—> Leave normalizations as free parameters to take into account the
different energies and kinematical conditions.

 Method to estimate 1/ absorption

—> Use the best estimate of each individual analysis (¢ )
— Fit all samples with a cCOmMMmMon o ps

<3 Assume that there is no & energy dependence.

(2

e For the last NA50 p-A data set

— Luminosity systematic errors have been neglected since they affect
all targets in essentially the same way (no effect on o, measurement).
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simultaneous fit in p-A data
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® Perform a simultaneous Glauber fit

with U(g’%z(i)j) results from :
— p-p, p-d at 450 GeV
— p-A 98/00 at 450 GeV
and B““Taw) results from:
— p-A 96/98 at 450 GeV
— p-A 2000 at 400 GeV
Glauber fit g% _(mb)  xZ/dof
Without p-p, p-d 4.4+ 0.4 0.8
With p-p, p-d 4.3+ 0.3 0.7
A fit a¥ y2/dof
Without p-p, p-d  0.929 =+ 0.006 1.1
With p-p, p-d 0.941 & 0.004 1.7
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* Performing a simultaneous

Glauber fit using % results from:

— p-A 98/00 at 450 GeV
— p-A 96/98 at 450 GeV
— p-A 2000 at 400 GeV

and assuming a J/1) absorption
ob =4.4+0.4mb

we get

Glauber fit ¢% (mb)  x2/dof

7.9+ 0.6 1.0

o — ol = 3540.7mb
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o', from NA38 S-U published data

BWU(ZD)
0(DY2.9_45)

e NA38 has measured at 200 GeV as a function

of E.

— The full Glauber model taking into account the centrality of the

collision can be used to obtain the J/1) absorption in light ions
collisions.

~— Published results show

o¥ (S—U)="71+3.0mb

abs

* NA38 S-U data are now reanalysed using the best of our
present knowledge.

— Same methods and procedures as used in Pb-Pb analyses
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S-U reanalysis results

* Reanalysis conditions:

0 40 — 6 different bins
5 < MRS A (low Q?) set of PDF
;_i“ 35 —» Same analysis procedure as
n - I used in NA50 PbPb data.
6 3
~ ® New absorption cross-section
g 25- ¥ extracted from S-U collisions:
% T~ abs = 7.2=x3.2mb
m :
] ® Error bar is due to the :
15 — Small Drell-Yan statistics
1 —> Large correlation between
0 normalization and ¢, _
5- "
0 O abs (p-A) abs (S-U)
\\H‘\\H‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH

10 20 30 4 5 6 70 8 9% 10 1 1
£ (Ge) 43=03mb 7.2=x32mb
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Simultaneous Glauber fit with p-A and S-U
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® Perform a simultaneous Glauber fit

i Buuo(y)
with o(DY2.9-4.5)

— p-p, p-d at 450 GeV
—> p-A 98/00 at 450 GeV
— S-U at 200 GeV

Buuo(¥)
A

— p-A 96/98 at 450 GeV
— p-A 2000 at 400 GeV

results from :

results from:

Q
)
o

» New estimate of J/1)
absorption:

0¥ =4.3+0.3mb
(x*/dof = 0.6)
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Comparison with Pb-Pb results
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* An absorption curve can be

drawn as a function of E:

— Using the Glauber model, the
Y

abs

different NA38 and NA5O0 calorimeter

resolutions we can calculate the

measured ¢/, and accounting for the

expected nuclear absorption for Pb-Pb

collisions as a function of E.

~— The curve normalization is estimated
from the S-U data rescaled to the Pb-Pb

kinematical conditions.

— The 2 curves represent the uncer-
tainty on the absorption curve due to the
DY 4 9_7 o rescale from 200 to 158 GeV.
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Conclusions

Results from a new NA5O p-A data set, at 400 GeV
Incident energy, are now available
— Systematics are minimized with rotating targets.

— Data taking aimed for affbs measurement.

Global a;bbs and afés are obtained by means of a simultaneous fit

using the best estimates of each NA50 p-A analyses

(mb) o% (mb) ¥ -o¥ (mb)

abs

Global fit 0

abs

431+03 79xX06 3.510.7

Old NA38 S-U data were reanalysed and from it we obtain an

absorption cross-section of Uabs = 7.2 + 3.2 mb.

From a simultaneous fit including all NA50 p-A results and NA38 S-U

Y =4.3+0.3mb

Good precision in the J/1) absorption
C rOSS'S e Cti O n m e aS u re m e n t . NAS0 Collaboration, QM2004 — p.20/21

reanalysis results we obtain (7
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