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Status of final data analysis

Published very detailed papers on
— m=in pp collisions, EPJC 45 (06) 343
— mw*=in pC collisions, EPJC 49 (07) 897
— Discussion of pC results, idem p. 919

Pursue exploitation of data sets in
elementary pp collisions

— Finaldataon p, p

Study pC collisions

— Final data of K, p in preparation

Study pPb collisions

Study PbPb collisions
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Pions in pPb (1) Eﬂﬁ

4]
'Y
v=4.2
c.-,: 10; T 1T | 1T | T T | l ] F T 1T | 1T | T T | l ]
&E FA % pPboaX | FP N pPborX ]
« Data sample divided into 5 3 0.05 ~0.05
. . . = 0.1 0.1
centrality bins using number of = gl o1 015
collisions v, deduced from grey 03 03’
proton measurement - o8 0%
v=294252,6.1,6.9 il ;
« Bins chosen to achieve quality 102 -
equivalent to pp data
107 E
« Extended xg-range down to -0.2 :
— Allows to exploit asymmetric 07 | 07 |
. . 0.8 0.8 ¢
situation 104 09 09 ;
— Represents an asset rather than a s s |
drawback of pA collisions 9 19
10-5 L1 | | L1 1 | L1 1 | | L1 | | L1 1 | L1 1 | |
-0.2 0 0.2 0.4 0.2 0 0.2 0.4
Xp Xp
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Pions in pPb (2) Eﬂﬁ

v=>5.2
5105|||||||||||||5 FT T T [T T T[T T T T3
&'E SRR 1 E? a8 pPborX
« Data sample divided into 5 3 0.05 b =005
. . . = 0.1 T 04
centrality bins using number of = o5 | | 015 |
collisions v, deduced from grey 0%’ 03’
proton measurement o6 08
v=29,42526.1,6.9
« Bins chosen to achieve quality 102F
equivalent to pp data :
10° ¢
« Extended xg-range down to -0.2 :
— Allows to exploit asymmetric 07 | 07 |
. . 0.8 0.8 ¢
situation 104 09 09 ;
— Represents an asset not a s s | %
drawback of pA collisions 21 | | | 21 | | |
10:50.2I | IU - IIZI.2I | |0.4| 0.2I | IU - IIZI.2I | |0.4|
Xg Xg
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Pions in PbPb (1) EE‘E

—i_i@
150<n,,<300
i 102  PbPb = X _ PbPb = X
* Special run with > 0 o
— Min. bias trigger % ’ F F
— Low beam intensity to minimize o
accidental 6 (spirals) 0
« Data sample divided into 7
centrality bins using track 0
multiplicity -
16"
« Final data shown in peripheral bin e
150<n,<300 .
0 0.15
- 0.2
10 0.25
—10 0.5 \\
10 i 0'4
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Pions in PbPb (2) N1o

= PobPb — n'X

: o0 - PoPb —> n*'X| ™
- Split between ©* and ©- at low p > )
(10
X
* Not seen in elementary NN -
collisions K
102
= Coulomb effect
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Pions in PbPb (3) NEIE

0
IPA-i_'.L-j
Coulomb effect .
- 7 ratio reaches zero at 5 Po+Pb Monte-Carlo
_ _ + 1
Xg=0.15 = m,/m, R S SN
. . . R, Ve t
» Gives information about number of AVNN \ < 3
. . L ‘ h B
participants . \ \\ /
spectator protons Iﬂl I'.I". ‘ ‘\\ ”
06 I".I IIII I'I 1\. \—ﬁ
= MNP
ici T L =
participants 50 ',I | 4 /
o4 375 | I| ,i .-'I;'I
25 |II 'II \ ,f'r " |
175 | W
125 |
02 100 ' /
* No indication of ® absorption ';'3 |\
" . A 25 MeV/e \ f
« Sensitive to three time scales 0 \
=01 ] 01 0.2 0.3 04 0.5 =01 0 01 02 0.3 04 1}
— Participant hadroniz.:  few fm/c X X
— Coulomb interaction: ~ 50 fm/c
— Nuclear disintegr.: ~ 100 fm/c
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Comparison PbPb — NN (1)
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* Use <r> yield, (nt*+m)/2, in order
to eliminate Coulomb effect

f [1/(Gev?/c*)

1 ", 005 NN 00s
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. . 10 NN\ ~, 5 AR
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10—2 Ly ‘\, b . . . ", -'\' \
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. . N N e . \.__\,,_ ",
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Comparison PbPb — NN (2)

Sy 4

A

&)

« RPPPbas function of p; reveals that
PbPb is nowhere conformal to NN

— Minimum at p; around 0.4 GeV/c

— Enhancement at low p; with
strong x dependence

— Enhancement at high p; (Cronin)
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Comparison PbPb — NN (3)

A

E]

Sy 4

a0 | .

«  Minimum of RPPPb in x. gives R.. ﬁf
upper limit of participant number 30

at about 30 20
* Low p; enhancement is maximal o | :
at x¢ around 0.15 (Coulomb effect) Ro 4 -

spectator protons 3

excitation zone

participants

« High p; enhancement increases
with x¢ (Cronin effect)
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Comparison pPb — NN

5 4
A

&3

» Choose centrality in pPb equal to
PbPDb by interpolation in v

« Build subsequently ratio
RPPb = foPb/fNN
for comparison with NN

— No xg-dependent enhancement at
low p

= No spectator system on
projectile side

— Steady enhancement with p;
(Cronin effect)
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: Pp)
Comparison pPb — PbPb EE@
. Use normalization factor for PbPb  * | % = 0’ I,.-"" - X% =02 s 03
to allow direct shape comparison . I
i! .,-"' ; I'.-"II ;ﬂ ‘fllne-ﬂn
— Perfect shape equivalence in wide 3| | / / ¥
pr (0.5 and 1.5 GeV/c) and x; | / : f
range | . / ]
f~; i
« Subtract RPPP (no spectator) to \ . /
isolate spectator contribution 1 v k./ ""%J
| < POPO/NN | <~ PbPo/NN |~ PoPb/NN
« Subsequently integrate spectator ~ pPb/NN ~ pPb/NN ~ pPb/NN
contribution over p; 05 : - : - : >

o, [GeV/c] o, [GeV/c] p; [GeV/c]
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Spectator contribution in PbPb gg
 Invariant yield of spectator b .
fragmentation F(x:)

* Integration over x; gives ]
— <pspect> = 31.8 per event
— <ubtl> =211.4 per event

= 15% of all produced © come
from spectators 0.4

0.8

0.6

0.2

* Including n° production leads to 24
excited projectile nucleons )
fragmenting into &t X

spectator protons

« Many more nucleons excited elastically

« Fragmentation time of spectator nucleons
is smaller than the assumed scale of
100 fm/c (see Coulomb)
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High p; enhancement in pPb (1)

5 4
A

« Compare p; distribution in pPb to
NN using a normalization factor at
low py

— At negative x contribution of
target spectator fragmentation;
for p1>0.4 GeV/c identical shape

— At positive xg yield enhancement
with increasing p+

« Define yield ratio at p;=2 GeV/c
R2GeV = C.prb/fpp
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High p; enhancement in pPb (2) Eg

-

» Show yield increase over NN at R CeV )
pt=2 GeV/c for two bins of ol oPb y |
centrality v=4.2 /

— First measurement of Cronin . ,|ﬁ
effect at xc# 0 ;,./?
Y
— Strong asymmetric enhancement /
S
vanishes at xz=-0.2 N //- P
s
_ 4 +/pl3b
— Measurement at xz=0 reveals only . //{’ y=29
small part of the effect j{?
e
IIEIZJ,Z -0.1 0 a1 0.2 0.3 0.4 Dfﬁ
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=

- Spectator subtracted cross section ¢
s
o 1
« Compare py distribution to NN using <
a normalization factor at low p; ~ 10
« Yield enhancement at high p; 10
increasing with Xxg
-3
10
-4
10
-5
10
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High p- enhancement in PbPb (2) E_ﬂ

10 T
* Shows symmetric behaviour R2 Gev
around x.=0 due to symmetry of
interaction °
PbPb !
* Goes horizontally through xz=0 ®
b 31
- Different from pPb g a\\ /,Jr/
: d
m“ﬁ—oﬁrqw -
 How to compare pPb and PbPb 2
EEI.E -0.1 0 0.1 0.2 0.3 0.4 Dfﬁ
Xr
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omparison high pr enhancement pPb — PbP pﬁnﬁ

49

* Inert target contribution in pPb:

Each target nucleon hit once o~ |
contributes no yield enhancement y
over NN 20 EE’E . 1
R2GeV = (v-1+1-E)/(v+1) at x.=0 | ﬁ/
/
E=(V+ 1) RZGGV_V 15 f/-]h;
» For x#0 shape of feed-over from f |
target to projectile hemisphere 10 / V7
needs to be known, see pC paper / /”
EPJC 49 (2007) 919 /’ﬂ A D_PEJ o
* Yield enhancements in pPb and ’ n,»;;’i-/{ e
PbPb show qualitatively the same "
behaviour N — .
« Measured Cronin effect in pPb oroer 0 er ez 08 0l y 0
F

has to be corrected up by large
factors
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omparison high pr enhancement pPb — PbP A

e

-

* Inert target contribution in pPb:

Each target nucleon hit once ) eV
contributes no yield enhancement E oPb /
over NN 20 p=4.2/ }
R2GeV = (v-1+1-E)/(v+1) at xz=0 #
E=(v+1) ROV_y ® /
#

« For x#0 shape of feed-over from s PE’S .
target to projectile hemisphere of e " ST
needs to be known, see pC paper g
EPJC 49 (2007) 919 e P

* Yield enhancements in pPb and ° .~ PbPb
PbPb show qualitatively the same D S v=2.4
behaviour

* Measured Cronin effect in pPb 2 o1 o o1 o0z 03 04 05
has to be corrected up by large Xr
factors
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Summary EEPP

-i_'r L;)

» Different types of hadronic interactions are inspected and compared using
experimental data on equal level of precision and phase space coverage,
including centrality determination

« This allows model independent extraction of a number of phenomena

« Final state Coulomb interaction in (peripheral) PbPb collisions gives
independent information on participant number and on the time scales of
participant fragmentation as well as nuclear disintegration

» First purely experimental extraction of spectator fragmentation into pions
with quantitative results on the number of excited spectator nucleons and

their contribution to the total pion yield

Circt ctiidv nf tha Oranin affant in nA Aallicinne at v valiine nff v =N wha
1 11Ol oLuu_y Ul LUIT VIVILIT TIHITUL 111 IJI'\ LUUITIOIVI IO Al I\F vailuco VUil I\F U VVIICO
only a small part of the overall effect is visible. Two component nature of
hadronic fragmentation used to extract the projectile part of the

enhancement. This yields important correction factors at x.< 0.2

« First study of Cronin effect in AA collisions at x¢ values off x.=0, showing
qualitative similarity between pA and AA collisions

« Once more no indication of anything qualitatively new in AA collisions
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