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first paper on HBT by ALICE Q‘ﬂ? ‘1;'*’1,%

two particle correlations in pp at sqrt(s) =900 GeV

1 dimensional
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motivation 144 IR
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* measuring space-time dimensions in pp collisions at sqrt(s) = 900 GeV
with ALICE

* using Bose-Einstein enhancement of identical pion pairs to

get access to size of pion emitting source

* investigating collective behaviour in pp collisions at LHC energies

 dependance of source size as function of event multiplicity dN_,/dn

and transverse momentum Kk,

* reference for long p+p run in 2010 and heavy ion measurements starting
in November 2010
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HBT - Bose-Einstein correlations

» L he only way to get access to space-time properties of the emitting source in elementary particle
collisions is through the measurement of Bose-Einstein correlations (BEC) between identical pions*

(U.Heinz,Ohio)

* building the correlation function (CF)

P<p1rp2) I X1
P(p,)P(p,) pion soure

* transformation in relative momenta q

Cz(plrpz):
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* correlation function in the experiment
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A(q) is the measured distribution of the pair momentum difference q, whereas B(q) is a reference distribution build by

using pairs of particles from different events (event-mixing) or by rotating on particle of the pair in the transverse plane
(rotation)

Reference distribution should be without Bose-Einstein correlations
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extracting the HBT radii

To get the HBT-radii out of the correlations one has to use a proper

parametrization 5 ]
o B
If one assumes that the source function has a Gaussian shape the 180 E
parametrization has also a Gaussian shape - ]
161 .
A common parametrization is the following —>r Sourcle . .
14 .
_ 2 r ]
C,(q)=1+Aexp(-(Rq)’) 3 E
R is the effective size of the emission region £ .
A is a parameter measuring the strength of the Bose-Einstein o N R I B
. 0 02 04 06 038 1
correlation
q (GeVic)
E 2 [ T T T T T
8} i ]
1.8 N 7]
16F, -
o, PP (TTeV) . HBT in pp at sqrt(S) = 7 TeV will provide an
141 ", 7] interconnection between small systems (pp) and
Y ] heavy systems (AA) at lower energies
1.2+ %, 7
?\g.‘ %%%%4}4}4}# ]
R *mﬂw o -
Pb+Pb (2.76 TeV)
0% "%z 04 06 08 1

q (GeV/c)
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correlation of identical pions at sqrt(s) = 900 GeV ﬁ!.-'.',"‘é SRS

M<6 7<M< 11 M212

_ o Lo . .
« experiment * 'n correlations in one dimension

b4 © simulation .o
: * 2009 data not enough statistics for 3D

Low kT

* 3 bins in event multiplicity

* 5 bins in transverse momentum

0P 0> G20 S20> ¥>0L°0

* Bose-Einstein effect clearly visible

* fixing the baseline with simulations (see next slide)

GS'0> ¥>0t'0

* used parametrization

C,(Qyn)=((1=A)+AK (q;,, H L +eXP(~(R), G, ))))D(G)p, )

10> %550

oy o
~ o+ developing of long range correlations with
L < A
D , ; D3 <»  increasing k,
I . ‘ ' T 2 o L% - - _o.,
08o 02040608 0 02040608 0 02040608 1 Phys. Rev. D 82, 052001 (2010)
q_ (GeV/c) Q. (GeV/c) q, (GeV/c)

G == 3L
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correlation of non-identical pions at sqrt(s) = 900 GeV Q‘j?

M <6 . . . .
~, 18 - n.'--:---,-7--5.M-S,-1-1.--- * 'm correlations in comparison with
=1 o 1.6? o experiment ¥ 12 ) )
x | O 14b © simulation f = PHOJET simulations
$ f | >
% 1.2¢ > o I " 1A * description of the background of the CF
- 1.0 ;-mq.cwo.,pg-&)gfww i gig ok ot N encaliagnd .
. 08FE bttt prsbe bt e peein] @ * rich spectrum of meson resonances
g : : o
3 16t 15 * Coulomb effect in the first bins
1.4F A
C b+
d 1A
o
B
o

* using the background of the CF for the

parametrization of the CF of identical pions

650> N>0b'0

* proper treatment of baseline very important

when studying the dependance of the radii from

transverse momentum and multiplicity

10> %550

* parametrization of the background

< 12 2
» i3 D(qlnv):a+bqlnv+cqlnv
Wl 1 14
2 (g L
—_ . “e¥g &‘ 0 1A
[ W W "oad :
I 08 1 P PP e u" “a* Il 1y |-D%o
0 0.20.40.60.8 0 02040608 0 02040608 1
q_ (GeV/c) q (GeVic) q (GeV/c)
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multiplicity dependance

(fm)
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* HBT radii increase with multiplicity
* same dependance like older measurements
* HBT radii seem to depend more on

multiplicity than on geometry (pp)

* grey shadowed band (systematic error)
Systematic error from:
* baseline assumption
* fitting
* background construction

* UNICOR vs. ALIFEMTO
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k; dependance - baseline
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STAR pp at\[s = 200 GeV
E735pPat \'s =1.8 TeV
ALICE pp at\s=900 GeV

« HBT radii independant of k,

* no sign of collective behaviour (presence of a bulk)

in pp at 900 GeV

* very sensitive to baseline assumption

* if fitted free (flat baseline) — dependance emerges
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results (part 1) . ? e~

parametrization with a Gaussian
C,(Gyn,)=((1-2)+AK (q,,, )| 1+exp(~(R,,, G, 12)])-D(qp, )

dN_,/dn A R, /fm
3.2 0.386 (0.022) 0.874 (stat 0.047) (sys 0.181)
7.7 0.331 (0.023) 1.082 (stat 0.068) (sys 0.206)
11.2 0.310 (0.026) 1.184 (stat 0.092) (sys 0.168)

parametrization with an exponential
C2<qlnv):[1+Aexp(_Rlnvqlnv)}'D(qlnv)

dN,/dn A R, /fm
3.2 0.704 (0.048) 0.808 (stat 0.061) (sys 0.208)
7.7 0.577 (0.054) 0.967 (stat 0.095) (sys 0.206)
11.2 0.548 (0.051) 1.069 (stat 0.104) (sys 0.203)

E 5 ] [‘ -~
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results (part 2) "ii_!}i;? J";"’?’%

* observation of HBT enhancement in first LHC p+p data at sqrt(s) = 900 GeV

* HBT radii increase with multiplicity

« HBT radii dependance on pair momentum K, not significant (contrary to other

experiments)

* pair momentum dependance highly sensitive to baseline assumption
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fully developed analysis of HBT in p+p at 900 GeV and 7 TeV # o 4 “‘%

two particle correlations in pp at sqrt(s) =7 TeV

1 dimensional

3 dimensional
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motivation (TP =i

* measuring space-time dimensions in pp collisions at sqrt(s) = 900 GeV and at
sqrt(s) =7 TeV at ALICE

* using Bose-Einstein enhancement of identical pion pairs to

assess size of pion emitting source
* investigating collective behaviour in pp collisions at LHC energies
* dependance of source size as function of event multiplicity dN,,/dn
and transverse momenta K

* more statistics makes it possible to go into more than one dimension

* cartesian parametrization in out, side and long (Bertsch-Pratt) % 10°

. . . < .5

* expansion in spherical harmonics T 10
10*

* getting deeper into the physics of the system 10°

* difference between 900 GeV and 7 TeV 102

* understanding the background — non BE correlations - EMCIC 10
1

* no Gaussian shape of the CF
0 20 40 60 80 100 120 140

* collective behaviour of the pion emitting fireball raw n_, [n|<0.8

Sebastian Huber — s.huber@gsi.de PRl . *‘%é




extracting the HBT radii in three dimensions (part 1) & “‘ ﬁ'f;*'fi:]

To get the HBT-radii out of the correlations one has to use a proper
parametrization

If one assumes that the source function has a Gaussian shape also the Ay
parametrization has a Gaussian shape

A common parametrization was introduced by Bertsch and Pratt
C,(d,.q.,q)=|(1-A)+AK (1+exp(-(R,q,~(R,q,*~(R,q,)?)
(1+Bexp(-R5(a5+q5+q7)))

q, in longitudinal direction.

q, in the direction of the Kk

v

q, perpendicular to q,

second Gaussian describes the non-femtoscopic background

A is a parameter measuring the strength of the Bose-Einstein
correlation

Longitudinal CoMoving System (LCMS) better parametrization of the data using an exponential function

Assumption that the emission function factorizes into out, side and
long

5(r)=5,(ro)-54rs)-5,(r)

E 5 -1 [,\ L I g e
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extracting the HBT radii in three dimensions (part 2) r

assumption of an exponential emission in out and long
2
r
S(r)=—21— S exp|——> 1

2 2
E E E
r02+RO 4R r12+R,

leads to an exponential parametrization

2 2 2
C,(0,.q.,)=1+)exp(—| RE 2—RE g2~ RE'q?)

V=1 Vi oosd V= doos't expansion of the correlation function in spherical harmonics

* more complete representation of 3D structure of the source

* better diagnostic of non-femtoscopic correlations

m(0>=ﬁf dpd(cos(6))C(Q,8,9)Y, ,(8,0)

with §,=QC0S0 ,nq §,=Qsin6cosg
Co G G

A

’Y; = cost sind sing Yg=5c09393cose I:‘f;:(fmoszl}A)sinl] cosh
first three non vanishing momenta are

0
CO angle average component — general shape

2 . P .
Cz comparison longitudinal and transverse size

0
Cz comparison out and side component — HBT puzzle

. ! - "'g.;';f‘-’%
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underlying physics (part 1)

Arr |
i I

[t

1.

[

0)
N,, 58-149

05 1.0

non-femtoscopic correlations in p+p
* long-range structures at large k,

* if femtoscopic they would correspond to a source of 0.2 fm

« above k; 0.7 GeV/c = no HBT effect measurable

hypothesis of mini-jets

investigation of non-identical pion correlations

* due to charge conversation it is easier to produce an
oppositely charged pion pair via mini-jet fragmentation
* femtoscopic effects from Coulomb interactions (first bins)

* identify signals from wide variety of decays in TUTT
p, f,, f,, W (three body), n, K

Non identical pions not usable for baseline parametrization
because

* stronger mini-jet contribution in TU'TT than in TCTT

° resonances

= simulations
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underlying physics (part 2) ii!j” | i"&;'-ﬂ#

[ a) b)ff c)] simulations to estimate the underlying physics
1.9F ° MC@7TeV |+ MC@900GeV N, 1-11 ) ) )
<l - fit@7TeV - fit@I00GeV F;m;ﬁ% N * PYTHIA with Perugia-0 tuning

what we learned out of simulations

1 2 * successful comparison simulations TUTT
1 * fitting the baseline
* needed to be taken into account while extracting the

HBT peak

* verification of mini-jet hypothesis

study of TUTT correlations confirm that MC reproduce the
structure of the underlying events.

. C(qI_CMS} .

* What happens with the k, dependance

1.2
: correlations in sphericals very useful to understand the
underlying physics

05 1.0 05 10 05 10 arXiv:1101.3665v1

qLCMS (

GeVle)
===
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1 dim 7TeV - k, and dN_/dn Vb SR

0.12-0.20 0.20-0.30 0.30-0.40 0.40-0.50 0.50-0.60 0.60-0.70

Cia)

Cla)

Ciq)

9¢-g€ ¢€C¢-9T ST-TO0

Cia)

C{a)

Cia)

0S-6E B8E-EE <CE-LT

Cia)

OST-TS

q (GeVic) q (GeVic) q (GeVic) q (GeVic) q (GeVic) q (GeVic)
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comparison 7 TeV and 900 GeV - one dimensional CF ~!-—"f*-

2" ALICE pp@900 GeV

B L Nch 1-11 A NCh 17-22 « low M

— 1 .5; " Nch 12-16 Nch 23-80 % h|gh M
= 4 S S S
2 Ir B T £ h
e i si e T g‘; - : xS -14
0.5 {

i S

0.2 0.4 0.6
K [GeV/c]

One dimensional correlations in pair rest frame in p+p at 7
TeV

« HBT radii independant of k. in p+p at 7 TeV

* very sensitive to baseline assumption

* same scaling as 900 GeV data

no significant difference between the two energies (at same
multiplicity)!

comparison of the results with the first paper

* source radii independant of k, in p+p at 900 GeV

* very sensitive to baseline assumption

* results show same scaling as in first paper

ALICE pp@7000 GeV

g 1¥ LA ,ﬁ,_ ; = ’ !ﬁ . 2
o R

e N, 1-11 & N, 17-22 © N, 30-36 ~ N, 45-58
= N, 12-16 © N, 23-29 = N, 37-44 « N, 59-140
1 1 L J 1 1 I 1 L | 1
0.2 04 0.6
k: [GeV/c]

0.5
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out-direction

Cia)

ST-TO

Ciq)

S

s

Cia)

Ciq)

Ciq)

PV RPN | .. ol -V TS ST TRTTRrer | AOuy LA o | R TP PSRN | SN U S T P T SR PO sy -

pair k; cut

single track acceptance p, and

i

holes due to combination of

C{a)

Ciq)

OST-TS 0S-6£ 8g-££ <Zg-LE€ 9Z-£€¢ <EcC-97

9, (GeVic)

9, {GeVic)

9, (GeVic)

a, {GeVic)
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side-direction

Cla)

Cig)

Cla)

Cla)

C(a)

Cla)

Cla)

0.90

1.35

0.90

]

0.5
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long-direction

1.80 g

Ciq)

135 F

0.80 ::: 'I"':"'I"'I"'.‘l. T

Cia)

135 F

0.00 Festsssdotesssussstissiabitssste Bl Mscssstsstestssssst b BT

Ciq)

135 F

acceptance of the
detector in n

090 Frsssssbbsssssisnbine Bl d

Ciq)

135 F

D.BD::::::::::

Cig)

135 F

Y S LIPS PSR S0 ARSI LS . Sy onori - 5 APPSO - AN - .. ... ...

Cia)

135 F

0,90 Frersiellismsssisssirsssebonsti Boeetetossosstossbotostssstecbio B st oot s eSS e B s s e e e st

Ciq)

135 F

0.80

Sebastian Huber — s.huber@gsi.de



comparison 7 TeV and 900 GeV

L ALICE r+m+ ]
3 o pp @ 900 GeV
1501 « PP @ 7000 GeV
oo | &
.
L .-
1_ h . : & o
' raw N, 12-16
kr (0.3, 0.4)

05 1.0
A o (GeVlce)

p+p correlation in 900 GeV and 7 TeV — spherical harmonics

* no significant difference between two energies (for same
multiplicities)

* same behaviour for other kT and multiplicity bins

changing the collision energy of an order of magnitude has not
as much impact as changing the multiplicity or the pair
momentum

main scaling variables for the correlation function are global
event multiplicity and the transverse momentum

analysis of 72 correlation functions
* 4 multiplicity bins in 900 GeV
* 8 multiplicity bins in 7 TeV
* 6 kT bins

" RNM 2011 — Frankfurt/Main
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k; dependance (Gaussian parametrization) ,.1._11’]? — T
¥ o4 2 LY T
2F ALICE pp @ 7 TeV T
I ®raw N, 1-11  ArawN, 17-22 «raw N, 37-44 k, dependance for Gaussian parametrization in p+p LHC
— I OrawN_ 12-18 rawN_ 23-20 & rawN_ 45-57 .
L2 r ‘, -~ Wraw N, 20-38 #raw N, 56-140 collisions at 900 GeV and 7 TeV
g 1 I i = 5€ a ﬁ nﬂ
o3 [ f‘i o “ &2 d:ﬁ .,s a * comparison between the two energies shows that they are
o L o
- , , universally similar for all multiplicities, pair-momenta and
2 B ALICE pp @ 200 GeV
— : Craw Nm 1-11 O raaw Nu’. 17-23 in all directions
o [ F . el Ny, 12-16 Zraw N, 24-70
g o d"i’ . ,'i g i P f F * no changes between LHC and RHIC energies
o8 [ oo SNET SEG A &Y &
o - o - o . tg . . o
o L Different directions
- o OSTAR pp @ 200 GeV * R, - falls with k, at all multiplicities and energies
. 2__ 4 PHENIX = pp @ 200 GeV
‘E _ ﬁ & 2 . * R, - k; dependance flat at low multiplicities
= ¢ 9 £ o E‘* Ffp 4 -1:5 3
w5 IF o5 " Ua op 4 .d‘:i. 2 - developes a negatvie slope at high multiplicities
m —
Z * R, — general small negative slope
[ @ R/R,
g [ g :
lz._:: 1+ o h% @ Gy o Tg % o s 2 * signature of strong collective behaviour = HBT puzzle
tzécg N é % ‘% g ? * Ro/Rs decreases with multiplicity
0.5 , , = The larger the multiplicity the more collective and self
02 04 0.6 ) L.
, interacting is the system
k (GeV/c)
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k; dependance (exponential parametrization) S A 7

— ALICEpp @ 7 TeV ]

2 a ® 1411 ArawN, 17-22 * raw N, 3744 ; sration i
=T 2 Dg::: 1318 OrawhC 230 o raw N 4557 k, dependance for exponential parametrization in p+p LHC
t [ é e 4 ;f wraw N, 30-38 JrawN_ 58148 | collisions at 900 GeV and 7 TeV

B : O
§— e
— 1 _— ‘3 ® ?
) ; R : N © ¥ ?f‘“ f‘? * same results as for Gaussian parametrization
B e
- ‘ ‘ ‘ ALICE pp‘@ 906 GeVA
__ 2 b CrawNg, 1-11 ¢ raw N, 17-23
© - . mraw N_, 12-16  Z:raw N, 24-70
B - s " "
P4 & & £ £ F
wes [ e . ., Eﬁ & &
o - o (&) ol ;
A
E - @ E{é - ‘f* x Bf
= F SR -+ ¥ 4
m L
N t H
s r + W ¢ }
Ww ‘e B ;
o’ 1 ¥ gg |
i - g
w § B 4
- ¥
0.5 d
0.2 0.4 0.6

k+ (GeV/c)
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multiplicity dependance (part 1) “iijf'a — 4y
2:_ ﬂf:i':%@ ; E%_ E'ﬁ} . XRER Ky (0.5, 0.6) <dN,,/dn>"? dependance for Gaussian parametrization in p+p
_— i T+ .3, L P
E - R K (04.05)  ayoemeE LHC collisions at 900 GeV and 7 TeV
= 1 e B AR E
;:g I: TrS | TR - 2 E z S0 gg « all radii grow with event multiplicity <dN,/dn>
o L
- * same scaling for both energies 900 GeV and 7 TeV
2[C  ALICE pp @ 900 GeV
—~ [ = ®Er k(02,03) * E+ET k (05,06) _
E - D R tégﬁ: E.‘E} . 00 r}r Different directions
R .-I_ ) -F'._-_-_ '- ::E _'_";. R
L:r:r_g [ g@e T F £ 3 * R, grows linearly with <dN_,/dn>'* in all k;
- e * R, grows linearly with <dN,/dn>'? in all k; but with
— :_ different slopes for different k
o 2f T
E I & - Dw-0--H0 E: : : 13
= [ .mO - $ agiE: A * R, grows linearly with <dN_,/dn>'" for the lowest k, but
§ 10 ogds ¥
L:f C . not at all for the highest k.
T R,/R,
g L b : , :
> 1+ i H ? ? * signature of strong collective behaviour - HBT-puzzle
L:E,-_-g " B i i Ef T * R /R, decreases with multiplicity (as expected)
B ]
0-5C . !
2 3

<dNy/dn>""
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multiplicity dependance (part 2) ii!' iy
de _ - el
- . E?E: mﬁégﬁ;iw Multiplicity dependance compared to world systematics in
E Bl- ¢ STARCuCu @200AGeV 4, ¢ | heavyions
@m‘g I v 2% *n " * similar multiplicity scaling in heavy-ions for RHIC and
- | lower energies (f.e. CERES)
IF ®
Er—TyT pp‘@ 2000 GV — for .the first time Ai&LICE provides a multiplicity link to
,g - O  ALICE pp @ 200 GeV peripheral heavy ion systems
Al STAR pp @ 200 GeV
tm - o toen” 8 . * similar <dN_,/dn> than measured in peripheral Cu+Cu
2 B ™ f.!-:':- I
%:m i T » ' v % ° and Au+Au collisions
- Iy 2]¢
| J.: s * both heavy-ions and p+p scale linear with <dN,/dn>
L
. T * slope is clearly different
& STARAulu @ B2 AGeV
= | v STARCUCu@O2AGeV * p+p radii are below heavy-ion radii
€ 5 + CERESPbAu@ 172AGeV .
t;; I Lo ) -3 O -> No universal multiplicity scaling in heavy ions and p+p
0s L S S
i T v
TF = A heavy ion collision is not a simple compound of many
| 1 n L ] 1 1 1 1 1 n L ] "
2 4 A 8 p+p collisions!!!
. 4. 103
<dN,,/dn>
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results Yy RN
j_" o4 . g =

* one dimensional analysis reveals same results as in the first paper
* HBT radii increase with multiplicity
* HBT radii dependance of the pair momentum not significant (contrary to other
experiments)

* pair momentum dependance highly sensitive to baseline assumption

* in three dimensions

« underlying event structure reproduced by MC and T'TC -> mini-jets at high k,
* decreasing size of the HBT radii with pair momentum Kk,
* increasing size of the HBT radii with multiplicity

* link between heavy ion data and p+p

* heavy ions not a substitution of p+p = shift in size of HBT radii

* no universal scaling in multiplicity for heavy ions and p+p

" RNM 2011 — Frankfurt/Main Sebastian Huber



L] d I ? ; -

two particle correlations in PbPb at sqrt(s) = 2.76
TeV

3 dimensional
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motivation é i- 477
Qe

* measuring space-time dimensions in PbPb collisions at sqrt(s) = 2.76 TeV
* comparing results to world systematics

» dependance of source size as function of transverse momenta Kk,

* dependance of HBT radii as function of energy and multiplicity

e comparison to model predictions
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Bertsch-Pratt
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5% most central events
* Bose-Einstein enhancement visible at low g
* 16000 Pb+Pb events minimum bias
* 6 k, bins
projection in out, side and long (Bertsch, Bratt)
* pair selection cuts (track splitting & track
merging)
* peak width increases when going from low to
high k
extracting R, R, R,

* correction for finite momentum resolution
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energy & multiplicity dependance
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energy dependance
* k; 0f 0.3 GeV/c
* scaling of the HBT radii (to compare with
the other results)
* all HBT radii increase with energy

multiplicity dependance

* multiplicity better parameter to compare with
model predictions (hydro)
* all HBT radii increase with multiplicity

* increase in agreement with model predictions
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* freeze out time 10 fm/c
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* link between heavy ion data and p+p

* ALICE Pb+Pb results significantly broaden the range of world systematics in HBT
* first HBT results in Pb+Pb at sqrt(s) = 2.76 TeV

* decreasing HBT radii with increasing k, = developement of a bulk

* increasing HBT radii with energy sqrt(s) and multiplicity (as predicted)
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*zero order HBT in ALICE done

* first order HBT = next year
* analyzing other systems than 10T
* HBT in charged Kaons
* HBT in neutral Kaons (V0 finder)
* HBT with protons
* azimutal dependance of the HBT radii

* higher order sphericals
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holes and edges

single particle p_ acceptance
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* Qg 20d gy, Vanish
* p, is sum of p;, and p,,

« k, is difference of p,, and p,

combination of single particle
acceptance and two particle cut
leads to holes

edges in q,,,,

1N acceptance of the detector
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