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k’ » Objective: put NA6O low mass data in context

| PN

'1 » Reminder: What is NA60O good at ?
-~

if » Question: What can we contribute for
D >~ » muon pairs near threshold (pA)

1__; » non-resonant pairs below 1 GeV (AA)
!‘i » the p and w peaks

b

'é » the ¢ peak

}4 » masses above 1 GeV: talk of André David
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V;% NAGO features

‘“i‘ » NAGO differs from earlier uu experiments by

& its combination of:

4. »low /K background thanks to the short

- distance between target and absorber

,1 » both in pA and in AA collisions, an excellent
&) mass resolution thanks to the 2-spectrometer

g 4 approach: silicon vertex telescope + muon

4 spectrometer

: \; » high statistics

4, » improved low mass, low pT acceptance,

By compared with NA50

» Experience from pA data shows that these

}4 factors help understanding surprising features




NAGO statistics

» Current data sample

Year Beam Target materials Period
2002 p: 400 GeV Be, In, Pb 4-5 days
2003 In: 158 GeV/n In 5 weeks

2004 p: 400 GeV Be, Al, Cu, In, W, Pb, U 30 days
p: 158 GeV idem 4 days

» Hope for the future:
» 2007-2008: proton runs

Signal

20,000 matched pairs
290 + 200 + 250 J/vy

1,000,000 matched m < m(¢)

100,000 ¢
100,000 J/y

320,000 J/y
30,000 J/y

» 2009: Pb-Pb at 158 GeV + possibly a lower

energy, e.g. 40 GeV
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fo Near the mass threshold ...

S

!

k’ » After a long history where an excess was
i__ consistently found, it now appears that:

1 »in pA, most if not all of the signal is explained by

e Dalitz decays of the r° and n;

‘ - »other components, such as soft photons, are
probably present in ee data but they are not a

’1_,} point of study in uu experiments.

!‘1
b

¥



Historical examples e
ot \k QGP model|
Haber et al., Phys. Rev. D 22 (1980) 2107 (Shuryak)

puu inmpat 15.5 GeV
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1 soft annihilation model of Cerny L
Dditz small, | Mo (GoV)
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eey decays reconstructed !
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eein pA below 10 GeV eeinmp at 17 GeV
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< NO excess In pA ...
\ & P
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k » RISK first showed a clear negative result (rrp)
'._ » Soon after followed by Helios/l (pBe)
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[Plots from Hermine Waohri]

NAGO proton data 2002

/
k » Matching improves S/B by a factor of 4
'._, »Well resolved resonances, o = 30 MeV
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v NAGO target identification in pA

w
/
k » The sub-target is identified through the silicon
’._ vertex telescope (2 % errors !)
rr In t Pb
1500 - {l
p beam
1000 - 200 Gev +
3 x Be
500 ‘ | Be
J' A
0.l J

6 5 4 3 -2 14 0 1 2 3 4
z-Vertex (cm)

» Target pointing Is even better in the 2003 data.
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(x NAGO proton data

-

I

k » All production rates are compatible with earlier
'i_ data from NA27, Helios/l and Ceres-Taps.

" » No noticeable excess seen.

-~

a5

events per 10

%

\ dl' |‘ e
) dN/dM [

&




24
v . NAGBO — pAfitting strategy

-..__'

!
k’ » Joint fit for the 3 target materials
i__ » Branching ratios: according to PDG

1 » Fitting parameters
-~

» o Cross sections “for A=1"
* = ~free fitting parameter for n, p, w, ¢
‘! ~assuming n” i1s 15 % of n
"1 » «: Scaling with A accordingto o=0,_, A"
.: ~free fitting parameter for n, w, ¢
~assuming p is like w

¥
4
By _ ~assuming n’ is like n
»DY + charm: fixed after fit in the IM region.
;ll »J/y: notincluded in the fit.

-
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‘:'\ NAG6O — pA cross sections

a "

’ ’ NA6O 9 5 + O 6 mb EOT leptonic channels hadronic channels
: corrrected for interference
& »NA27:98+06mb Losf ¢
—_ b pt+w. G 0.5- | I 0, 1(20.)
[ 7

»NABO: 22.1 = 1.2 mb .
(no interference) IR B

1

\l 0.3 ) ) i
‘ ‘ » NA60: 254 = 1.3 mb | ¢4l
0.2 s 32 18 1E
(interference 15 %) T A $E £E
»NA27:25.4 =1.0mb °9 § ¥ = § 2f if

> (]5 " ] HELIOS-1 | CERES-TAPS

. » NA27: 0.62 - 0.06 mb section than NA27 to explain its data
» Assumes a 1+cos’ 0 decay

_.J

L4

é > NAGO 053 + 005 mb Also Helios/l needed asmaller ¢ cross
;ﬂ angle distribution for pw ¢
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v NAGO - «x of the mesons In pA
o

k » Using Be, In and Pb targets and

i_ » assuming the cross section scaling oc=o0,_, A",
" »the following scaling parameters are found:
~

S d 093 +0.02 1000 Mev and 700 MeV ot por
‘, W O 82 " O Ol Theerror bars are statistical only.

B . U. - .

1 b:0.91 = 0.02

=
Ai
b . P»The 2004 proton data can extend these
-. measurements to other target materials and to
34 measure the pT dependence of «.
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AA: non-resonant< 1 GeV

» Experiments see an excess in AA over pA
»Ceres:
~broad excess in AA, located mostly below the w mass,
~excess is concentrated at low pT,
~excess rises faster than linear with multiplicity.

» Helios/3:
~broad excess in AA compared to pA.
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vf‘. CERES mass spectra

!
4 » Pb-Au in marked contrast with p-Au

i__ »excess from 200 MeV to 600 MeV,
1 »the p/w seems to have diminished.

~

F ! ! ! ! I ! ! C

F p-Au 450 GeV 2.1<1<2.65 : F Pb-Au 158 AGeV

all p, >50 MeV/c I

10 @, > 35 mrad E
: (N, /am) = 7.0 '

0/Cge0= 32 %o
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CERES transverse momentum

& » The excess sits at low pT.

f_

%
——

m..<0.2 GeV/c?

ee—

Pb-Au 158 AGeV
combined 95/96 data
0.2<m..<0.6 GeV/c”

ee—

m..>0.6 GeV/c®




‘I‘ . . .
V{\ CERES multiplicity

AN
!

k » The excess rises faster than linearly with the
i_ charged multiplicity.
1 bNormallsatlon meson background cocktall.

m<0.2 GeV/c? | 0.2<m<0.6 GeV/c® | m>0.6 GeV/c?

‘!
R 1.
»% et

0 P T T R R R S | RN R R N SR S T PR R N AN SR SR B
0 200 400 200 400 200 400
B Combined '95 and '96 data dN;/an

enhancement fact
N




v Helios/3: 200 GeV/n pW vs SW
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44 [Plots from Sanja Damjanovic]

Vf\ NAGO In-In raw data at 158 GeV/n

‘H}‘ » Sofar, 35 % of total sample reconstructed.

k » Better mass resolution than in proton runs !
i_ » r/K understanding is critical m > 500 MeV.

» Current problem: understanding fake matches.

> N
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oin 0: Nch = 0-30

oin 1: Nch = 30-100
nin 2: Nch = 100-180
»bin 3: Nch = 180-300

umber of participants: “F

»fit forward ZDC energy |
distribution in each bin
with Glauber model

»yields mean number of

participants for each
multiplicity bin

NAG6O multiplicity (centrality) bins

ne Inln data 1s subdivided in 4 bins:

22!
—
S Lo
o :
> 1
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v NAG6O — by multiplicity

- »Observations:

’k, » low mass cocktail

i to be clarified at 2
- low multiplicities,

1 » plw clearly visible, "F

»if p/w 1S linear in

& ( charged mU|tipIiCity102§—

~ ¢ steeper than linear,

1___ ~IM and lower mass 1o

extension steeper
than linear.

. » »Background from

accidental matches
34 IS under study.

21045 :
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(\ NAGO — acceptance

‘“!‘ » NA60O has reduced and inhomogeneous
k acceptance where Ceres sees Its excess.
{ . » This is amply compensated by statistics.
» Improving acceptance at low pT is to be

studied with a view to future data taklng

—

~

Distribution of raw data 13
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S 102 o
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g —— 4+
X
. . é X 10~ l
< -
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v Behaviour of the p and w mesons

.
k’ » Compared with theoretical expectations on
i__ modifications of the p and w line shapes
‘1 (melting, mass shifts, medium effects ...):
4 » Ceres:

J ~p and w peak present in pA but hardly visible in AA.
- 4, »NAso:

~sees a clear p/w peakin In-In,
~this peak mass does not change substantially with
multiplicity,
» KEK-E325:
~p seems to be absentin 12 GeV pA collisions,
~shape of the w modified.




KEK-E325

» Studies ee production in 12 GeV pA collisions.

» Superb 10 MeV mass resolution !

» Observes a non-Gaussian w shape and finds
no trace of the p.

1200 - 1000
I —e'e N I
o —e'*e : (\O( ) [ o
1000 |- \'\(0\ I . (.0\(\
- Cu e = Cu Pre
[ ‘ — fit result L {I it result
>r s I w—>e'e”
[ — Dot 600 |- i ol e
I — cp:))e -3 - — ga:))e:e:
R S5 i | eey
o0l —_— Z—mel - : w—> mlete
background 400 |- f
400 - :
e + = i + E
I ¢ e’e 200 - 1
200 |- - +H+
i ‘ . bl
0 =02 05 075 1 125 15 175 .2 04 05 06 07 08 08 1 11

1.1 1.2
Mass(GeV/ c’) Mass(GeV/c?)
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f\ Helios/l - p/w peak
i

/
k » Comparison with E325:

20N » \Worse mass resolution:

- o=23.8x£2.7 MeV
1 » Mass scale unc:ertamtyE 200
‘ A <0.3% S 175
‘ » Studied with a view to

events

1 the w branching ratio. |
e . 100 ;

» Observations:
» peak looks skewed,

150

75 |
50 |

.% » peak Is shifted in mass. ;|
34 » Not published ! o

[\ . .
0.4 0.6 0.8 1 1.2 1.4

() [GeV)
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Helios/l — interference fit

-3 Behaviour of R

I -5 /v“,'
- Br=6X10 o

%%E%?%%%%%%

-
L
Fa
L3
-
Data. e

o

e

N

# \

"

LT T . T

| P Fitting with:

m)=|F ,(m)+RF (m)

| » Fw Breit-Wigner
| » F, Gounaris-Sakurai
| » Favoured values:

x=1.8+0.5 rad
Br =(3 7)x107

+ -
w-ou

| » Leads to a 15 % loss

of visible p+w signal
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v'| KEK-E325 and interference ?

1000 F

’A' » Assuming the

4. Helios/I fit

' value of R

» Interference

‘ ;\ causes a shift |

_ ./ Inpeak mass: !
~  this fits ! '

800

- -
600

space correction, 10 MeV mass 0

_ T T g i L PR T YL il
resolution 04 05 06 07 08 09 1 11 12
Mass(GeV/c?)

-

L™ -
“ 200
. Interfering Breit-Wigner w and [
Gounaris Sakurai p with phase [
% t:q!l:,ﬂ.L.h
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v | KEK-E325 and interference ?
27\

Ik’ » With a larger
’L— p branching
‘1 ratio (as PDG)
> » Conceivably
‘ ;\ Interference ?
4 400

iCu

B

g resolution
f‘

e |
‘ 200

Interfering Breit-Wigner w and [
Gounaris Sakurai p with phase [
space correction, 10 MeV mass 0

i

0.9

1 1.1 1.2
Mass(GeV/c?)
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v NA60 — meson production studies

LV
|

k » To Interpret correctly our spectra, we have to
» calibrate contributions from n, n° and w Dalitz

-1 decays and uu decays of mesons, and

v » maximise meson production understanding.

% - » Studying dependence of meson production on

¥ » mass number A,

4 , » multiplicity / number of participants / ...,

N » transverse momentum, and

\ » rapidity.

» The shape and location of the p/w, will have to

}4 be understood relying on excellent background

control and vast statistics.

|
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Vf\ Production of the ¢

AV
/
k » Production of the ¢:

'l . »NA38/NA50: enhanced with energy density
< In AA collisions;
1

» Helios/l: enhanced with multiplicity in pBe.
‘ d
‘, » NAGO finds
D >

» p/w ratio agrees with NA38 and NA50O and

341 rises with the number of participants;
| i »no evidence as yet of large mass shifts.

i
—

b

¥



‘;"\ NASO & NAGO ¢/w vs participants
™

/

k » Confirms earlier observation from NA38 and

i_, NAS5O that the qb rises faster than the w.

0.8 4 S+Cu
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Vﬂ Helios/I - di-muon multiplicity

"

‘_’-_ Multiplicity dependence
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‘:'\ NAGO - pT spectrum of the ¢

ﬁ‘

& " The pT inverse slope, the temperature T,

NAG60 Preliminary
In-In at 158 AGeV

¢ pr-spectra

ET(MeV) <dN /dn>

3
E 252t3  Total average -
- 21816 16

2L 24244 70 _ -
145 Fit:
200 dN/dp=Cpexp(-m{/T)
........................
1 1.5 2 25

Increases with multiplicity !
» Compatible with NA49 p-p and Pb-Pb
(hadronlc decay), but not with NASO Pb- Pb

=
§ 350-_ NAGG retiminary
= In-In at 158 AGeV
. ) slope parameter - -
300_ ............... ﬂ.)g .......... P ..... p : T
1 + + '
Do + RL - ;
(I N R IR IR
1 @ ¢ <]>
] = NA49, Pb-Pb
* o NA50, Pb-Pb
. v.NA49.DP ..
] ® NAGO, In:In
0 50 100 150 200 250 300 350, 400
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v Conclusion on low mass studies
A »NAGO has

a'k_ »reduced acceptance at the Ceres excess,

» barely enough mass resolution to study the line
ﬁ—-— shape of the p/w (KEK-E235).

;1 » But, NAGO has
»vast statistics,

% ;‘ » capability to measure multiplicity (centrality),
_ ./ »much improved mass resolution compared with
"__-. Helios/3, NA50 and Ceres and
%‘Q » small pion decay background.
b . ™ This gives the experiment the ability to

» carefully measure an excess, if any, at masses
LY above threshold and pT > 400 MeV
ﬂJ »study n, w, ¢ and J/y production in detalil.
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‘:' NAGO observations
\

A
;
& »pA

i__ » di-muon production in line with known sources
1 » x measured for n, w, ¢ over Be-In-Pb
- » In-In:
g;ﬁ » clearly visible p/w and ¢ peaks
> » these peaks are not massively shifted
4 »¢lw rises faster than linearly with the number
e of participants

»pT of ¢ measured vs number of participants
’ » statement on an excess awaits further study of
N

the accidental match background component




1,
& » Backup slides

N\
N
-




‘f‘ . . .
Vig NAGO phi T vs rapidity
-

/
k‘ » No variation of the temperature with the rapidity
'.___ Interval Is observed

NAG60 Preliminary
In-In at 158 AGeV

¢ pr-spectra
all multiplicities

1 Tvev)

1 2523 Total average

1 25516 3.3-3.5

1 260+4 3.7-39 Fit:
{1 24815 3.5-3.7  dN/dp;=Cp,exp(-m/T)
1 2408 3.9-4.1

rapidity range

T

0.5 %15.’12 25



‘I‘ = =
V{\ CERES statistics

S

!

k’ »w and ¢ hardly resolved, partially result of
i__ Intrinsic resolution (6 % at p/w, 7 % at ¢), and

‘1 partially due to statistics
e »J/y not observed, although in acceptance

if »No trigger in ion runs, hence limited statistics

> o
1 r Year Beam Target Signal S/N
f“ 1995+1996 158 GeVPb Au 2600 (m>200 MeV)  1:11
P Be 5068 (m>200 MeV) 1:2
b p Au 1068 (m>200 MeV)  1:3.6
' 2000 158GeVPb Au 2200 (m>200 MeV) 1:14

¥
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vf'! Helios/l di-electron mass
 \

/
k‘ »pBe at 450 GeV: no surprises either
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Vf\ Helios/l| eeg mass and multiplicity

/
k » Eta clearly identified

'_.__ » No evidence for quadratic phi

0.2p

0.1

¢/ (p+w)
(o]
-

0.16F

0.14f

m.. [GeV]

12 14
Multiplicity
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4 > Shapes in use:
» Helios/1 3

3.5

Line shape of the p

i /'m - Gounaris-Sakurai, Old Genesis

o P»Helios/3 ’M'EE --- Helios3

,-1 » NAGO :
| » Differ from the\:
‘, Breit Wigner by 5
" phase space i

0.5}

: —.- New Genesis, T=0.170 GeV
i | — New Genesis, T=0.135 GeV

9 PR R (R OO

02 040608 1 12 1.4 1618 2 22
M[GeV/c]



