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1be NAOO cxptthnc:nt, i.s :i. Gxcd.-l:irgct ccpe lin1e 11t :i t the C ERN SPS. 11 h:iJ the 
d in111011 y idd i11 lndiurn- lndi11rn oollill'b 11lli wiLh :i11 In be:im or ISS ACcV / o: :u1d i11 p.A colli , ion J 
V.'ith :i. ptohm be:i.m o r 400 :i.11d 158 ACcV / o:. T he rcs11lt-s :i.llow to ;iddrep thme irnporL:i.11t 
pl1yllioi: lopk'.1, n :i.me ly t he JI udy or the p $pCO:t"'11 F111x:Lio11 i11 nuclc:ircolli , iom, Lhecl:ir i6c:it i011 
or 1he or igin o f the d im11011 ctO!'.IJ 1nt'll.5111ed by NASO i11 the i11te rn1edi:itc 1n:I.$$ 1:..nge, :i.11d 
the J /.fr • upprepion p:ittct'n h1 :i colliJion Jystcn1 d ilfcrc 11t Frnn1 Pb. Pb. A 11 w «View or 
1C":1ultJ will be g ivei1 i11 th i:f; p:ipcr. 

T he N AGO expe riu1e nt. T he measurement of d·1muon produc tion is a. key tool to ga·1n iru;.1ght 
into ult ra-re lativis t ic nuc lear oollis ioru;. Bm\'ever, the importance of t he d imuon data depe nds 
s t rongly on t he 1\'ISOlu tion of the expe rimental apparatus. \iVhile the N:\50 expe riment mell!iured 
t he J/t/J s uppress.ion patter n as a func tio n o f centra lity in Pb-Pb collisions, its mass a nd var texing 
rasoluf1ons "·are not s uffic ie nt to address two o the r ·important physics top·1cs, na me ly t he sha pe 
of the in- med ium s pectral Funcf1on or the p meson a nd the orig.in o r the d imuon axca.ss obser ved 
by NA50 ·1n the intermediate mass rag·1on (IP.1R, 1.2-2.7 GaV/c2) . 

T he NA60 axpar·1me nt inherited From NA50 the muo n s pectrometer For muon t rigger-
ing a nd t racking, a.nd the Zero Degree Calorimeter ( ZDC), "·hic h measures the e ne rgy carried 
Forward (at O») by the spectator nucloons, to eva luate t he cantraJ1ty of A- A events. Tl\'O com-
ponents "'era added: before t he target, a beanu;cope ( BS) made of Lwo pajrs of cryogenic s ·1r1con 
s t rip dat.E<:tors determines t he bea m impact point on the ta.rgat t rartS't'Sl'Sa plane wit h a 20 µ m 
rasoluf1on; after the truy;et, a ver tex t racker (VT), made o f 16 pla nes of rad·1atio n-ha rd s ·1f1con 
p·1xel de tectors e mbedded ·1n a 2.5 T d·1po la r ma.gnat·1c Aa ld, measures t racks a nd their mo me nta. 
be fore they s uffe r multiple scatte ring in the absorber (For de tails o n the NA60 appa ratus see 1 ) . 

'tracks in the VT a re matched (both in momenta and ·1n ooord inata space) to t racks mell!iured 
in the muon s pectrome te r. T his prococlura greatly improves the mass resolution , prutic ula r ly in 
t he low- mll!is range (20 /c2 at tha w mass, to be conFrontal \Vith NA50 &J P.'leV /c2) . T his 
allo\\·s to resolve a nd eva luate the diffe re nt contributions to the d imuon spectrum below 1.2 
Ge\i/c. P.1o reover, ·1 t is possible to deter m·1ne the oflSet bet\\'aen muon t racks and the pr·1ma ry 
interaction ve1t ax wit h a precision of -v 40 µm For 20 Ga\ ' /c muons. T his is sufficie nt to d i:r 
er ·1 m ·1 nate bet wean muons coming d i ract ly r ro m t ha A raball and m uoru; orig i natad by seconda ries 
decays in the ·1ntar mad·1ate ITUl8S ra nge. 

T he 1'1Sults reported in t his paper were obtained From t.ha ana lysis or data take n in :!JOO For 
Ln- ln collisions at 158 AGe\i/c, and in 2004 For p-A collisio ns at 158 Ga\i/c. T he choice or a 
oolf1d·1ng system d ifferent from Pb- Pb ma kes it po...:;sible to sea rch IOr t he sc11.J1ng var·1abla wh·1ch 
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d rives the onset or the J/'l/J anomalous s uppression. t"'loroover, p-A data at 158 GeV allm,· to 
oompare p-A to A- A data "·ithout systematic er rors dariv·1ng from t he energy rescaling. 

T he )o\Y tnass region. The nat opposite-sign dimuon spectrum balm\· l.d GsV /c2 has b66n 
obta '1ned from t he ra."· mass s pectrum by s ubtractio n or combinatoria l back: round and or s i: na l 
ra ke matches be twee n t racks ·,n the p._,JS a nd in the VT. Four centra lity classes were daA ned v·1a the 
charged particle multiplicity measured by the \'T. peripheral data (4 < dJVc1i/d11 < 30) are 
well reproduced by t he cocktail or expected electromagnetic decays or the neu tra l me.rons, "·hile 
ror more centra l collis '1ons a strong axce.ss a ppea rs, "'hose s hape is not kno"'" a. priori T han ks to 
t he hig h data q ua lity, it ·IS !?ossible to isolate t his exce.ss by su btracting rrom the data. a. hadron 
cocktail wit hout the p (se6"), whcea s pectra l shape ·IS to be mod ified in the Are ba.11. 
T he resulting excees ·IS shown ·1n Fig. 1 (left) ror semicentraJ collisions (110 < dJVdi/d11 < 170): 
it ·IS cha racterized by a. peaked s tructure centered o n the nomina l p mass, wh·1ch broadens and 
increases \\' ith cantraJ1ty and resides o n a. \\:Ide continuum. However, a qua.ntita f1ve ana lysis of 
t he exca.ss ( for data.ilssee3) demonstrates that the raf10 bet\\•aen t he peak 
and the p obta·1ned rrom the cocktail At d ecreases by a lmost a. factor 2 rrom most pe riphera l to 
m06t centra l bin. T his means that the excess can not. bes.imply inte rpreted as the cockta il p on 
top or a continuum. 
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P igurc I: Left : oomp:u i:5on o r C(CJ:'ll$ rnnJ :rpo: lnlm (b l:u::k triangles) wil h no Pl' CUL to mode l p1cdicli011$ 1n:-.de ror 
f11 . ln :at dNJ../drr = 140 ($C:n1 ice11tr.il bin) . Cockt:iil p ( thi11 110lk1), unmodiGed p (d:.-.s.hed), i11-n1edhlm broodming 
p 5 , in .mcdiun1 n1ovi11g p rcl:ited 1o 4 (d::.s.hed.dot ied), 11nco1rcl:ited ch arm ( l hi11 d:i:rhed) . E:1rors :ire p 1u dy 
s t:at i:Jtir::il. T he ope 11 d:it:i poh11$ :rln.v the ct0!$J 1e111hi11g fron• :i d ccrc:a.seor the 111.1btr:u;tcd '1 y idd by 10%. 
Right: r.,, from :i.11 cxponc:nl ial Gt to the Pl' wind ........ • 0.6 - 2 GeV Jr: VJ. ID!l$ll. T he o pen c ircle pointJ :i.1e thew 
:i.11d 9' tempc:r.it11res. Full c ircle poi111$ :i.1e obtained £101n :a d ilfercnt :1n::aly'i' of the ){lolR 11p to 2.S GcV /r:1 (lll!C 
fig.2). T he line i$ l he expo: led tein pcr.it11rc on t he of :i lincn1 depende 11a: on rn C1K1n rn:a.sJ :i:r de:te1mi11ed by 

t he NA49 J.Ylll<irn:1tic.s 7 . 

. 4sshown in Ag. I ( le rt.), the moving ma.."" modal re lated to Bl\')\\'n/ Rho (BR) sca ling is ruled 
out. The q ua litative fea.tura.s or the excess ma.ss spectra are consis tent "' ith the interpre tation 
as direct the rmal radia tion rrom t he fireball, dominated by 'X'1i' a nnihilaf1on. based on 
t he in-med ium p broadening scena rio and "·hich take into account the role of baryons in the 
b t\')aden·1ng5 a re able to reproduce quantitatively the data belO\\' 0.9 Ge\i / c. F'or the mass region 
above 0.9 Ge\i, data seam to be described equa lly well by introducing 4rr hadronic p l\')Ces.sra.s 
sensitive to mixing (and the:rerore to ch·1ra l symmetry restoratio n) o r in ter ms 
of pa.rtonic processes do1n inated by ttrf ann ·1h.1la.t ion. T his ree.tu m could be a man iresta.t io n of 
pa.rton- hadron d ua lity. 

T he s tudy or PT s pectra presents rurthe r inte resting reatures. T he t rend at s ma ll PT .IS 

opposite to the flattening expected rrom radia l flo\\' or hadrons produced at k·1ne f1c 
while ·11 flattens as expected in the <f> mass bin . P.'loreovar, the Ti:://• o btained from Ats or the 
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TfllJ' spect ra. (see Ag. 1 r'1ght) and plotted as a runction or mass, shm,·s a maximum in the p-r1ke 
region. T his may ba attributed to the p produced at wh'1ch experiences the largest 

a nd thus t he highest effecf1ve temperature. Besides that, it is "·orth noting that 
t he continuum above 0.9 Ge\i/c is cooler t han t he oontinuum belm,· 0.6 GeV /c: th is seems to 
ind'1cate that the two regions are rad by qualitatively d ifferent sources. It is hoped that a finer 
t heoretical understanding or pr spectra. could serve as a hand le to d isentangle pat·tonic fro1n 
ha.dronic sources (break'1ng parton-hadron duality). Fbr deta '1ls see 6 . 

lt1tern1ediate 1nass region. To understand t he or'1gin or the exce.."" measu md by N.450 in 
t he IA•IR, N.460 has measured the o ffset or the muon t racks with respect to the main interaction 
ve11ex. T his distribution has been "·eightad by t he inve1t ed error matrix rrom th-.1 ve1t ex fa t 
and t he muon extrapolation (the combinator·1al background \\·as s ubtracted by even t mixing). 
T he resulting dis tribut '1on is oomposed of t"•o components, the Dmll-Yan (1.a. prompt.) and 
t he open charm (off vertex) evenl$. To evaluate each contribution, their shapes wet'S obtained 
rrom Pythia. (deta:11s a re given in8); then, the offset d istribution "·as Atted as a s uperpasif1on 
of prompt and off-ver tex contr'1butions. T he fa t parameters at'S the coefficients by '\\·hich each 
oont ribution shou Id be scaled in order to describe the data. 

T he At rails to reproduce the data ir the prompt y ield is rorcOO to 1.1 the expected Drell-Yan 
y ield, and t he open charm is left rree. In the lert panel o f Ag.2 both contributions a.re lert free: 
in this \Vay, an accurate representation o r data is ach·1eved. T he fa t parameters ·ind ica te that the 
prompt contr.1bution is t\\•o times larger than expactOO: \\'e can than conclude that the excess is 
due to a prompt source. 
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P igurc 2 : Leh p:i.ne l: fit. to the v.•eighlod o lfset d is tribution wl1erc both l he punnpt :i.ud the opm ch a.rm y id d.s :i.1c 
free p:i.1:i.me lers ( 1.16 < m- < 2.56). Right.: ma. specl1a or Drcll. Y;in :i.ud Cl((;($$, T he e ffective teinpc1a t 1u e or 
t he CXtel$ fitted in t he O < pr < 2.S r :ingc fu1 t he m:i.u bin$ or J. 16 - 1.4, 1.4 - 2.0 :i.ncl 2.0 - 2.56 CcV Jr? i$ :i.I'° 

11hON11. 

T he na'1ve hypothesis that the eXCl1$ could be due to an increased Drell-Ya n y'1(lld 'is rulOO 
out by the 171' dependence of the ratio bet"'een the excess and t he Pythiargenerated Drell-Yan 
(alter acceptance It ranges rrom 3 at Im'' PT, to 0.5 at high PT, s uggesting t hat the 
excess is qualitatively different rrom Drell-Yan. 'fh'is d'1fference is oonftrmOO by the comparison 
of the excess a nd Drell-Yan mass s pectra, shown in the right panel or ftg.2. T he 
s ho"'n in the figure are obtained rrom 6l$ in the range 0 < Pr < 2.5 GeV /c: t he systematic 
error on the temperature determination has been evaluatal rrom Al$ perrormed in d ifferent PT 
ranges and turns out to be or t he o rder or 10 (see also8). 

J /¢ s uppression in [u-[u. 'lb measure the a.mount or anomalous s uppression, the J/'f/J 
yield has to be oomparOO to a. rererence procees. Traditionally, the Drell-Yan .'f'ield above 
4 Ga\fj,J has been used, but this choice increases the statisticaJ error due to the DY r1mital 
s tatistics. 'lb overcome this limitation and fu lly exploit the J/efJ sample, NA60 has calculated 
t he reremnce s pectrum expected in case of normal suppra:rsion only: the relative no1·malization 
between the calculated and measured s pectra is set to the value resulting rrom the q JJ.p/" DY 
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analysis (sea 9). T he rasulti:ng suppra . .::sion pattern is shown in Ag.3 (left), oomparOO to the 
results published by N.<-\50 ·10 Pb-Pb oollision.s: both sat:s or data depar t rrom the normal nu-
clear absorption line ror 50 < JV"°'' < 100, s uggesting t hat JV"°'' could be wall s uited as scaling 
variable bat\\·aen different collid ing systems. The data have been comparOO to theoraf1cal 
d·1ctions t uned ror N.<-\60 Ln- 1 n collisions: none of them "·as a ble to lll'Broduoo data, even ·,r the 
magnit ude of supp1'1S'>ion is raaronably reproduced ( fu rt her details in ) . 

o .& 
a 0 : 1 

O .G 

O .!iO 

r 
•[. J. 11 f 

t ! .i: ...... "'' ,,.,,,,, • • _ ,.,,,, I CJI:"" ' ....... ..., ... ., . ........ v """""""'"""" . 100 1!i0 ::DO :WO '00 >100 ,,.. .. 

• ._,,P .. P<l.•11<>_.,, 
0 ,. --·--.. . .. _.,... .... _., .. . . _ ..... -.. -

10 ... --"·--, • _ .... n. ••o_.,, • -p ..... ,_ .. _ 
0 , ' 

--! !) 
• • ,. 

L(fm) 
Pigurc 3: LcFt: 0:11:np:uiJoi1 bt:bNciot:n t l1e In.In (NAOO: "Jll:a1e poinb:) :and Pl>Pb (NASO: tri:i.ng le point.s) Ill.II> 
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, bleor the cr1or. The rulJ c irc.lc indic:alcJ 1hc prclimin :uy NAOO rcs•llt. fur p -A ooll$ ioi1$ 111 ISS CcV /c. 

To evaluate correctly the .anomalo ussupp1ll6S·1on, the normal nuclear supp1ll6S·1on ("·hich can 
be ext racted from p-A data) must be accurately knO\\·n. HO\\•aver, up to 2004, p-A data. WSlll' 
availab le only for proton energ·1es of 400 and d50 Ge\i/c: this implied that the p-A rwults had 
to be t\'lscalOO to the anerg_<r' or nuclei beams (153 .4Ge\i/c), under the a.ssumpf1on that tJoo,, 
would not change "' ith the beam energy. In order to a r1m·1nata uncer tainties associated "' ith t his 
assumption , NA60 has laksn p-A data. at the same energy of the Indium beam on a varie ty of 
targets (Ba, .41, Cu, In, \V, Pb a nd U). Up to nm\', a p1ll'liminary estimate or a;N/aoy has 
bean obta ·1nad by averaging over the d ifferent ta.rgaU;. In Ag. 3 r·1ght, it is s ho\\·n a comparison 
of this result to the previous mea.su1ll'ments ( rascalocl when necessary) a.s a runction o f the mean 
length of nuclear matter traversed by the J/efJ. T he N.<-\60 average point oorresponds to a length 
{£) = 3.4 fm and ra ils along the interpolating band, corrobora.ting the correctness of the rescaling 
procOOura and conArm·1ng t he anomaly of the J/efJ suppression \\' ith respECt to a pU l\'I nuclear 
absorption scenario. 
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