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Two-Particle Angular Correlations

g Outline
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Two-Particle Angular Correlations

% ' Motivation

Hadronisation and decay °
Fipal state radiation
The MC description
of LHC events is
tremendously Hard interaction: o
complex  qqbar, 98, g2

PDF, proton structure

Initial state radiation
Beam remnants °

Secondary interactions
Hadronisation and decay

in p-p, particles tend to
be produced correlated
(clusters)

Study of angular
correlations in soft particle
production (left fig. outer
“shell”) give information
on hadronization process;
Extensive studies at

ISR 25 < /s < 62 GeV,
SPS \/s = 200,546,900 GeV

RICH /s = 200,410 GeV
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Two-Particle Angular Correlations

Z;.j Analysis Technique

Signal distribution Background distribution

correlated and uncorrelated pairs uncorrelated pairs

2 ignal
1 e

AN
Two tracks from the same event Two tracks from the different
An=mn1 —n2, D¢ = ¢1 — 92, events with similar vertex zpos

for each total multiplicity (N) bin.  and multiplicity

Stefano Lacaprara on behalf of the CMS coll Two Particle Correlations ICHEP’10, 22/07/2010 4 /16



Two-Particle Angular Correlations

2D results: R(An, Ag) = <(/v ~1) (% - 1)>N

=900 GeV - V5 =236 TeV -

2 &

Gaussian like in An, broader at large A¢
Small An A¢ peak enhanched at high energy
PYTHIA /5 = 900 GeV PYTHIA /5 = 2.36 TeV

R(An,A9)
R(An,A¢)
R(An,A¢)

0
4-2 P

MC (Pythia D6T) Simulation qualitatively similar to data.
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Two-Particle Angular Correlations

'K;‘ Independent Cluster Model (ICM)

o Clusters are produced Final State
independently; L ] ’
P . y., . ’\ /‘ //,./.
@ Decay isotropically into b T
hadrons in their c.m.s; ﬂ L— /‘ ‘@
o Just 2 parameters (cluster | ‘ ] ay, «f@* \ ‘1
. . P X
size and width) v w L
characterize short-range e 3 o
correlations. ) L. ’ > Hadrons
’ Clusters

@ ICM provides a simple way to quantitatively parameterize
two-particle correlations to compare with other experiment as well as
various dynamical models such as PYTHIA.

@ It is NOT a fundamental model to test against the data.

C.Quigg, Phys.Rev.D 9, 2016 (1974) - E.L.Berger, Nucl.Phys.B 85, 61 (1975).
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Two-Particle Angular Correlations
®00

Quantitative analysis

Cluster parametrization vs An:

R(An) = (Ker — 1) [B(iz) — 1] K.Eggert et al, Nucl.Phys.B 86 (1975) 201

I(An) o exp [—%}, B(An) measured from mixed event background
Kefr: effective cluster size. d: cluster width

0<Ag<n/2 0<Ag<n/2 0<A¢<n/2
T T T T

(a) pp 0.9TeV : 4

T T T
(b) pp 2.36TeV 1 4t (c) pp 7TeV 1

Ko = 2.12
5 =053
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Ko = 2.23
5 =052

Two Particle Correlations

Kegr = 2.34
§=Q51
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Two-Particle Angular Correlations
000

Energy dependence of cluster analysis

| < 2.4 Near-side: Away-side:
’ A® € (0,7/2) Ad € (7/2, 71')
pT >‘ 0 ° 1 GeV 20 F' (@ Near-side (0<Ag<n/2) 1 (b) Away-side (v/2<A0<m)
25 - F o
<« ° ° <« 2.5 :’ ° ° ’:’ 1
d . o F j
¥ 200 E = B0 o ° ]
R ° XU o E3 ° ° LA
x o ° [ 1
15 1 151 + -
— : T o o
F 1 — 1 1
0.8 ® J 0.8 - 1
L T ° [ ]
< 06 . . 5 < 06 o R e o )
Y 8 ¥ ® ° ° 1
E, 04 1 E£,04r + 1
e CMS p+p ] @ CMS p+p
0.2 1 0.2f + -
o PYTHIA p+p, D6T 1 © PYTHIA p+p, D6T
0.0 L - 0.0 I I | |
10 10 10 10° 10 *
\'s (GeV) \'s (GeV) \'s (GeV)

Pythia: correct trend but smaller cluster size K.g:
width ~ well reproduced.
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Two-Particle Angular Correlations
coe

% ! Comparison with other experiments

30F@ -

25; i e ’ E

. - -

200 o=

@ CMS uses pr > 0.1 GeV and i g oo ° -

In| < 2.4. 151 -

@ To compare with other e

experiments, need to [ ® )

extrapolate results to pr =0 0.8 | -

(Tsallis function) and |n| < 3. o : i ‘_‘: | :

@ Systematics due to .06 o e . .-

extrapolation ~ 5%. ] Ly i
e el i

10° 10° 10°

\'s (GeV)
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Bose-Einstein Correlations

© Bose—Einstein Correlations
@ Measurement
@ Signal cross check with PID
@ Results
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Bose-Einstein Correlations

Bose—Einstein Correlation

@ When wave-functions of identical bosons overlaps, Bose—Einstein
statistics changes their dynamics;

@ Seen as an enhancement probability for identical boson with small
relative momenta.

@ BEC measurements give informations about size, shape and
space-time development of the emitting source

dN/d
R(Q):ﬁ' Q=+—(pr— p)? = /M2, —4m2
Q distribution of same-charged tracks () vs reference sample w/o BEC.

Parametrization

R(Q)=C[1+22(Qr)]- (14 46Q).
Q(Qr): Fourier transform of the emission region (in static model),
effective radius r, strength A, § long range correlation.
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Bose-Einstei
°

'K;‘ Using 7 Reference Samples:

n Correlations

Pairs from same event

@ Opposite charge p,n resonances ;

@ Opposite charge with one track p
inverted;

© Same charge with p inverted;

Chosen randomly;
Similar dNiracks/dn ;

Similar total invariant mass
of charged tracks.

@ Same charge with p rotated in
transverse plane;

Use Double Ratio. (no BEC in MC)
R = R/Ruc = ( )/( dN/dQuc )

dN/d@mc,ref
Build a combined reference sample

Reomb _ _dN/dQ (Z?:ldN/d%c)
dN/dQuc \ 7, dN/dQT ) °

dN/dQ
dN/eref

N}

o C T T T T T T T ]
S r CMS preliminary \'s = 0.9 TeV ]
o 18- (@) ) 1
> r Ref.: Opposite charge ]
’(7) L 4
1-6}’ - Data 7
1.4#. —MC {

[ \“ ]

12 —

L ‘O ]

i

P IR VI A
12 14 16 18
Q (GeV)

P BN BN VRN B
02 04 06 08 1
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Bose-Einstein Correlations
°

'K;‘ BEC with identical /non identical particles

o using PID in CMS (£ measurement with CMS silicon tracker)

@ Construct two samples: one with two identified 7= and one with 7,
not-7 particles,

@ Enhancement present only in w7 candidates, not in m—not-7

2 T T T

gl o n T T T T ]
§ 9 s r CMS preliminary \'s =0.9 TeV ]
= L 18— . ]
< 8 s r Ref.: Opposite hem. same charge 4
g7 8 ., b
< 160 —
6 t v ]

' mcandidates ]

5 1.4 —

. r #0 nnon-rtcandidates b

3 12y * m

2 ]

1
1

R o e L T T P R N I D T D T

- : - » (Gevic) - 02 04 06 08 1 L2 14 16 18 2

Q (GeV)

@ Small m contamination in not-w

@ PID works only at low pr, not using m—not-7 as ref. sample.
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Bose-Einstein Correlations
°

'K;‘ BEC with identical /non identical particles

using PID in CMS (£ measurement with CMS silicon tracker)

Construct two samples: one with two identified 7 and one with ,
not-7 particles,

Enhancement present only in 77 candidates, not in 7—not-m

2 T T T T T

T T ]
CMS preliminary \s = 0.9 TeV
1.

)

Ref.: Opposite hem. same charge

dE/dx (Mevicm)
Double ratio

14

o

I
S

R e e

mtnon-rtcandidates

T candidates ]

45‘ 5
p (Gevic)
Q (GeV)
@ Small m contamination in not-7
@ PID works only at low pr, not using m—not-7 as ref. sample.
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Bose-Einstein Correlations
®00

g Results: combined ref. sample

Results at 900 GeV: exponential

Ba Gausslanfit - ] r=1.59 +0.05 (stat.) £ 0.19 (syst.) fm
i Exponential fit — 3 A = 0.625 + 0.021 (stat.) + 0.046 (syst.)
1_1; Excluded from fit E "

CMS s =0.9 TeV

Double ratio
[
w

Results at 2.36 TeV: exponential

* r =1.99 4+ 0.18 (stat.) £ 0.24(syst.) fm
A = 0.663 £ 0.073 (stat.) £ 0.048 (syst.)

vy

CMS Vs = 2.36 TeV

Double ratio
[
w b

O RALAA R R

1 Excluded from fit E Systematics mostly from spread of 7
1 reference samples
I TR K R R W p resonance region excluded from fit
Q(Gev)

Exponential form for Q(Qr) = e~ @ fits data much better then the widely
used Gaussian one Q(Qr) = e~(@)’,
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Bose-Einstein Correlations
oeo

té Previous experiment results

CMS V¥s=0.9 TeV

] Many different \/g and CMS V§=2.36 TeV

idN/dn=3.2

initial states: ete™ pp, e a7
pp, ™N, ep, and ;N

>
C
o}
m
a
1]

©
=
o

<

NA22
-— MARKII I/ o.s.
H— MARKII 3/ mix
- MARKIl y/y &.s.

——— MARKII y/ y mix

@ Previous experiments used
MARKII qT \5=4.1-6.7 GeV é.s.

—
-
—+
Gaussian parametrization. e MARKII T \5=4.1-67 GeV rhix
——— ARKII G \S=29 GeV 6.s.
-
-t

—— ARKIl T Ns=29 GeV mix
UA1
- NA27

TASSO
AMY o.s.

@ First moment of
exponential: 1/r,
G . 1 H—=—H AMY rhix
[ — DELPHI
aussian .

—- ORAL
- L3 e

o CMS values with L3

L] LEPH o.s.
L} ALEPH mix

exponential fits scaled by i H

.- ZEUS
1/\/m e EMC o5,

. . i (32 EMC mix
@ Apologise for any missing e BBONG b
HaH BBCNC mix

past experiment! —H NOMAD

02040608 1 12141618 2
r (fm)

1
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Bose-Einstein Correlations

° Ty ° ey
E CMS Preliminary Vs = 0.9 TeV S CMS Preliminary Vs = 0.9 TeV
2 18 Ref. Combined sample o 18 Ref. Combined sample E
2 2
3 =
& 1 e & 1 miness 3 Clear dependence of
r=1.0040.07 (fm) r=128+0.08(fm) 1 ff . d . h
4 A=0890.05 e A=064+004 efrective radius wit
) t charged track
) g
L L L L L L L .\ L L L L L L L L L L t' M 't
B B R R A R R R R R Itipl
Q(Gev) Q(Gev) multiphici y
° ey ° ey
i CMs Preliminary V5 = 0.9 TeV S CMS Preliminary \5 = 0.9 Tev
o 18 Ref. Combined sample 1 @ e[ Ref. Combined sample 1 <14 . . . . . .
g g E ]
< <N, < - E
& 1 DR By- R 4 AR CMS\s =09 Tev E
r=1.40+0.10 (fm) r=1.98+0.14 (fm) -
14 E 14 E E
A=060+0.04 A=050+0.05 % E
L :
070 6 e T T e e 07 04 0% o8 1T 7 14 e 18
Q(Gev) Q (Gev) Combined sample
° N ——— Opposite hem. same charge
g CMS Preliminary Vs =0.9 TeV E
o 18 Ref. Combined sample E 5
2
3 30N, < 80 =
o 16 <N,>=365 E
I=2.76+0.25 (fm)
14 1
A =069+0.09 ] ®
0 0‘2 0‘4 0‘6 0‘8 i 1‘2 1‘4 J‘E 1.‘8 10 15 20 25 30N 35

Q (Gev)
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Conclusion

: a INFN
'é Conclusions -

Two-particle angular correlations measured @ 900 GeV, 2.36 and 7 TeV

@ Compared with simple cluster model;

@ Cluster size and width compatible with previous experiments but not
reproduced by Pythia;

@ Will be good baseline to measure cluster properties with Heavy lons
at LHC.

Bose—Einstein Correlation measured @ 900 GeV and 2.36 TeV

@ Used double ratio combining many reference samples;

@ Exponential shape fits better than gaussian;
@ Clear dependence from track multipicity;

@ Measurement at 7 TeV is in progress
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Backup

tf;‘ CMS inner tracker

Si Pixel surrounded by Si strips.
|n| < 2.5

3 barrel layers (r = 4,7,11 cm)

2x2 endcap disks

~ 66M channels

"]
@ ~ 1 m? of Si sensors
°
@ 1440 modules

V.

@ 10 barrel layers

@ 9+43x2 endcap disks

@ ~ 200 m’ of Si sensors
@ ~ 6.4M channels

@ 15148 modules

Performances

@ 2-track separation: 1 mrad

@ different hits on 3 pixel layers
Q > 20 MeV

@ > 3 hits for pr > 100 MeV
@ Apr/pr~1—2% @ 1GeV

TOB
TEC - Endcap Outer Barrel
9 disks 6 layers
(also on the other Tracker
side - not shown) Pixels Support

Tube

TIB
Inner Barrel

4 layers
" TID

Inner Disks
3+3 disks
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% ! Events and track selections

@ data collected in December 2009 /s = 0.9 and 2.36 TeV and March
2010 /s =7 TeV.

@ Trigger: MinimumBias. Activity in both Beam Scintillator Counters

o Coincidence with at least one HF tower with > 3 GeV (select
Non-Single Diffractive events);

@ Reject halo muons by time coincidence BSC;

@ > 150 pixel clusters;

@ One Primary Vertex dz < 4.5 cm, p < 0.15 cm.

o High-Purity tracks, dyy/0x, < 3 d;/0, <3
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% 1 Comparison with other Model

L L B B BN B
[ ®  Pythin 900GeV, NSD 1 4+ 5> Pythia 7TeV, NSD
L L ] Herwig 900GeV, NSD 4 a
51 O D owoGev comeve ] | * DataT7TeV, corrected
L 4 .
... 2_ LN -
F 1 —_
= s ‘ o ’ ] >3 | °0 Ce
5 * O e < | s
= F » Qo®eQ o 1 E" | . .
0;. ...'a! !5'0.. oa; 07 . e ]
9&58880000 Q02088 $H O o
. » J
[ ® ® ) *oagest?
» .
Pesae® YL -
L | 1 i1
T N T T ST T YT NS T T SN TSI N
2 4

4 2 0 2 4
An
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% ' ) Extrapolation

(a) ICM K=3 (b) .
N OMmi<24 ‘
—_ 47 ® i<3.0 §
- g *
MC 2d Prediction <g:l“ S o ]
shape distortion due =z S ;;’7?/”//;,‘* & o 88 5
y /u‘\
to || cut iy
_ZW LW
5 0 5
@ ® An
_09F % 1 0%
%08 1 2os 1 Relative variation of
2 S oa=Ksr —1and 6 vs
S 0.7’ 1 S 07* ok PYTHIA, D6T 1 .
z, £ . different |n| cut for
PHOJET
0.6 E 0.6 m s 1 various MC model.
¥ ICM, K=5
5.0 .5 . 5.0 0.5 1.0
8Inl<2.4 6In|<2.4
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% ! pr Extrapolation

Use Tsallis fit to estimate fraction of lost tracks pr < 100 MeV

-n
2 +m?2
pr (1 VPT )

2 2 "
pr +m? 1T
Data 900GeV Data 2360GeV Data 7TeV

dN /dpr ~ pT

P B -1

10° s s

0 2 4 2 4 2 4
p,(GeV/e) p,(GeVic) p,(GeV/c)
n=8.2 n=7.3 n=6.5
T=0.139GeV T=0.136GeV T=0.132GeV

Reweight 100 < pr < 200 MeV distribution to compensate.
cluster size increases by ~ 6 — 7%
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% ! systematics and results

Systematic uncertainties [%]

Source «a

Correction on event selection efficiency 2.6 2.8
Correction on tracking/acceptance efficiency and fake rate 1.3 1.4
Track quality cuts 1.2 1.0
Model dependence on the corrections 2.6 1.3
Total systematic uncertainties 4.1 35

Table: Final results on Keg and § with both systematic and statistical errors.

NG Kot 5

0.0 TeV  2.12 =+ 0.00 (stat.) £ 0.05 (syst.) _ 0.53 = 0.01 (stat.) = 0.02 (syst.)
2.36 TeV  2.23+0.02(stat.) = 0.05(syst.) 0.52 4 0.01 (stat.) £ 0.02 (syst.)
7 TeV 2.34 £0.00 (stat.) = 0.06 (syst.)  0.51 & 0.01 (stat.) & 0.02 (syst.)
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% 1 UA5 and Phobos results

{073

golppbar

< Cnlmm)xn-11>

-401 UAS: Phys.Lett.B123:361,1983
1 | I

T T T T
540GeV

20< ftgps < 30

!
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-2 0 2 4
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Two Particle Correlations

s
N
" 3

il

« Phys. Rev. C75, 054913 (2007)

b‘(\

+ Phys. Rev. C81, 024904 (2010) (heavy ion)
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tf;} Bose—Einstein Correlation

Bose—Einstein Correlation
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Events and track selections

data collected in December 2009 /s = 0.9 and 2.36 TeV.
Trigger: MinimumBias. Activity in both Beam Scintillator Counters
NDoF > 5;

x2/NDoF < 5;

Trasverse impact parameter d,, < 1.5 mm;

Innermost hit R < 20 cm impact point;

In| < 2.4

pr > 200 MeV;

2 < Ngye <150

@ 900 GeV: 270472 events and 2903 754 track pairs;

© 2.36 TeV: 13548 events and 188 140 track pairs.
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té Coulomb correction

@ Coulomb repulsion between Lef-
same charged particles depletes .
the Q distribution at low Q.
@ Corrected with Gamow factor:
Ws(n) = %
Wp(n) = =2~
n = Qem My BT M I S gs(eev)
@ Tested with opposite-charge S ——
Q-distribution normalized to MC F 1.2~ ]
(no coulomb effect simulated) 165 : ]
@ Up: opposite charge Q T I, E
distribution with Gamow factor 14 1 W‘.‘*'*'""V"'“i
superimposed (not fitted) 1of ! =
@ Bottom: same after applying B, sttt
Coulomb correction ﬁ L
08 62704 06 08 1 12 14 16 18
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g Single ratios and double ratios

o Q distribution for signal and one reference sample
@ Enhancement at low-Q show the expected correlation
@ MonteCarlo (w/o BEC simulation) is flat

o o 2T I T T o 2T T T T
I Signal sample S r CMS preliminary \5 =0.9 TeV ] °or CMS preliminary \/s = 0.9 TeV
5 —— Reference sample o g8 (b) | o 18— (@) |
Su0 " Ref.: Opposite hem. same ch. B s F Ref.: Opposite charge
s F @ q 7] r
s 18 - Data ] o - Data ]
10 = L} ]
: — ey -mc ] o —-mc E
107 " ] i.\
E 120 Yy - 12 -
L v ] L
e t— ] L
10 Jl o E
\L | I I o T T T I T P P T T B
b o s 1' 02 04 06 08 1 12 14 16 18 02 04 06 08 1 12 14 16 18
Qe Q(Gev) Q(Gev)

@ Opposite charge distribution show structure due to resonances (p)
@ Long range correlation well described by simulation

Use Double Ratio for measurement.

B _ (dN/dQ dN/dQ
R = R/RMC — (dN/eref) / (dN/dQM,\é,Cref)
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R(Q) for all reference sample @ 900 GeV

° LARLRAR A A A ° T T ° T T ° T T
g CMS preliminary \'s =0.9 Tev g CMS preliminary \'s =0.9 Tev g CMS preliminary \'s = 0.9 TeV g CMS preliminary \'s = 0.9 TeV
2 18- q 2 18- 1 2 18- q Lt q
H Ref.; Opposite charges H Rl Opposite hem. same charge ] Rel.: Opposite hem. opp. charges H Rel.: Rotated
2 2 2 2
8 1 8. Fit: Exponentia 1 8.4 1 84 1
y r=(L46£006)m ] p 1 (150£008)m 1 r=(L82£006)m ] 1 r=(129:004)m ]
1=056+0.02 1=063£003 1=059£003 1=068£002
Pl 1 b prvalue =7.306:002_]
Exluded fiom Fit
L I o, i
L b ) Lo ) L L L) L b L
02 04 06 08 1 12 14 16 18 02 04 06 08 1 12 14 15 18 12 04 06 08 1 12 14 15 18 02 04 06 08 I 12 14 16 18
Q(Gev) Q(Gev) Q(Gev) Q(Gev)
o AN A A AR AR RS o [ AR AN AR AAR RARR RS o IRARRRARE RS A Ay AR R
I CMS preliminary Vs = 0.9 TeV ] I CMS preliminary \s = 0.9 TeV ] ®or CMS preliminary \'s = 0.9 TeV ]
2 18- - 2 18- - 2 18- -
s UF Ret.: Mixed events (random) ] s VF Ref.: Mixed events (same mult) s Ref.: Mixed events (same mass) 1
3 r ] 3 I ] s [ ]
0 16 B O 16 B O 1) B
14 r=(185£009)fm 14 r=(L720.06)fm | 14 r=(159+0.06)fm ]
A =0.62+0.04 ] n A =0.66 £0.03 ] A =0.60%0.03 ]
B b B 1o B
{d S -
Covutevutanitinit it I [ Y U U SN B R [ P P P P B B R
02 04 06 08 1 12 14 16 18 02 04 06 08 1 12 14 16 18 02 04 06 08 1 12 14 16 18
Q(Gev) 0 (Gev) Q (Gev)
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g Detailed results @ 900 GeV

Results of fits to 0.9 TeV data

Reference sample P-value C A r (fm) 5 (Gev—T)
Opposite charges 2,19 x 10~ 1 0.988 + 0.003 0.557 £ 0.025 1.46 + 0.06 (—3.5+2.4) x 103
Opposite hem. same ch. 7.30 x 1072 0.978 £+ 0.003 0.633 £ 0.027 1.50 + 0.06 (1.1+£0.2) x 1072
Opposite hem. opp. ch. 1.19 x 1071 0.975 £+ 0.003 0.591 + 0.025 1.42 + 0.06 (1.3+£0.2) x 1072
Rotated 2.42 x 10~% | 0.920 +0.003 | 0.677 +0.022 | 1.29+0.04 | (5.8 0.2) x 10~2
Mixed evts. (random) 1.90 x 1072 1.014 + 0.002 0.621 + 0.038 1.85 + 0.09 (—=2.0+£0.2) x 102
Mixed evts. (same mult.) 1.22 x 1071 0.981 + 0.002 0.664 + 0.030 1.72 + 0.06 (1.14+0.2) x 10~2
Mixed evts. (same mass) 1.70 x 1072 | 0.976 +-0.002 | 0.600 & 0.030 | 1.59 + 0.06 (1.4 £0.2) x 1072
Combined sample 2.92 x 10~ 2 0.984 + 0.002 0.625 + 0.021 1.59 + 0.05 (8.2 £0.2) x 103

Results of fits to 0.9 TeV data

Multiplicity range P-value C A r (fm) § (GeVil)

2-9 9.7x 101 [ 0.90+£0.01 | 0.89£0.05 | 1.00 % 0.07 (stat.)20.05 (syst.) | (7.2 +1.2) x 10~ 2
10 - 14 3.8x 1071 | 0.97+£0.01 | 0.64+0.04 | 1.28 4 0.08 (stat.)40.09 (syst.) | (1.8 +0.5) x 10~2
15- 19 2.7%x 1071 | 0.96 +0.01 | 0.60=£0.04 | 1.40 % 0.10 (stat.)£0.05 (syst.) | (2.8 + 0.5) x 102
20 - 29 2.4 %1071 | 0.99+0.01 | 0.590.05 | 1.98 4 0.14 (stat.)£0.45 (syst.) | (1.3 +0.3) x 10~ 2
30 - 79 2.8x 101 | 1.00+£0.01 | 0.69£0.09 | 2.76 & 0.25 (stat.)40.44 (syst.) | (1.0 +0.3) x 102
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g Detailed results @ 2.36 TeV

Results of fits to 2.36 TeV data

Reference sample P-value C A r (fm) 5 (Gev™T)
Opposite charges 5.71 x 10~ 1 1.004 + 0.008 0.529 + 0.081 1.65 + 0.23 (—1.57 + 0.58) x 102
Opposite hem. same ch. 4.19 x 1071 0.977 4+ 0.006 0.678 £+ 0.110 1.95+ 0.24 (1.49 £ 0.48) x 1072
Opposite hem. opp. ch. 4.61 x 10~ | 0.969 +0.005 | 0.700 4+ 0.107 | 2.024+0.23 | (2.36 = 0.47) x 10~2
Rotated 4.24 x 1071 0.933 4+ 0.007 0.610 £ 0.070 1.49 £ 0.15 (5.75 £ 0.59) x 102
Mixed evts. (random) 2.26 x 107 | 1.041+£0.005 | 0.743£0.154 | 2.78 £0.36 | (—4.02 % 0.41) x 102
Mixed evts. (same mult.) | 3.52 x 10~ | 0.974 £0.005 | 0.626 +0.006 | 2.01£0.23 | (2.03 £ 0.46) x 102
Mixed evts. (same mass) | 7.31 x 10~ | 0.964 £0.005 | 0.728 £0.107 | 2.18 £0.23 | (2.84 & 0.46) x 102
Combined sample 8.90 X 10~ 1 0.981 + 0.005 0.663 + 0.073 1.99 + 0.18 (1.31 £ 0.41) x 10~2

Results of fits to 2.36 TeV data

2-19 0.65+0.08 | 1.19 £0.17 (stat.)
20 - 60 0.85+0.17 | 2.38 £0.38 (stat.)
Results of fits to 0.9 TeV data

Multiplicity range A r (fm)
2-19 0.65+0.02 | 1.25 £ 0.05 (stat.)
20 - 60 0.63+0.05 | 2.27 £+ 0.12 (stat.)
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Z;.j Correlation coefficient of exponential fit

Table: Correlation coefficients for the fit parameters obtained with the combined
reference samples. Left: coefficients from the fit to 0.9 TeV data; right:
coefficients from the fit to 2.36 TeV data.

0.9 TeV 2.36 TeV
C A r 4] C A r )
C 1 1
A ]l 033 1 0.27 1
r || 0.72 | 0.82 1 0.62 | 0.83 1
0 ||-0.97|-0.30|-0.67 | 1| -0.96|-0.24 | -057 |1
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Z;.j Results and systematics

@ Use spread between reference samples 7% for A\ and £12% for r

@ Coulomb correction syst by propagating agreement margin of
opposite charge fit +2.8% for A and 4+0.8% for r

@ Compared BEC parameter at generation and reconstruction level with
dedicated simulation: no bias, agreement within statistical errors.

Results at 900 GeV

r =1.59 4+ 0.05 (stat.) = 0.19 (syst.) fm
A = 0.625 - 0.021 (stat.) & 0.046 (syst.)

Results at 2.36 TeV

r=1.99 +0.18 (stat.) £ 0.24 (syst.) fm
A =0.663 £ 0.073 (stat.) £ 0.048 (syst.)
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“ Test for reconstruction Bias

@ Dedicated MonteCarlo simulation with BEC enabled

@ Pythia, exponential shape
MSTJ(51)=1, PARJ(92)=0.9, PARJ(93)=0.125

@ Performed analysis at Generated (left) and Reconstruction (right)
level

@ found no bias within the statistical uncertainties

N

N

CMS simulation Vs = 0.9 TeV
Reconstructed particles

CMS simulation Vs = 0.9 TeV
Generated particles

Double Ratio
-
©
Double Ratio
N
©

Ref.: Opposite hem. same charg Ref.: Opposite hem. same charg

1.6 el 16~ el
Fit: Exponential ] Fit: Exponential ]
r=(1.75+0.06) fm _] 14 r=(175+0.11) fm _]
A=0.39+0.02 ] i A =0.37+0.03 ]
B 12 B
] [ ¥ ]

s W » e
1 | 1 ! 1 1 | 0.80 1 ! 1 ! | 1 ! 1 1 il

08 1 12 14 16 18 02 04 06 08 1 12 14 16 18

Q(Gev) Q (Gev)
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Physics of Bose—Einstein Correlation

Two particles

© from source A, momentum p;

| \ P2 @ from source B, momentum p,
System wave-function

WA(I) = fAeiiﬁlgA, ..

Complete wave-funtion for Bosons is

V(1,2) = (Wa(1)Ve(2) + Vp(1)Wa(2))/V2

Joint probability is just the product of P of single partic|e§.

< Mip >= (2 + f3 + [fifgePilba=s) 4 c.c])(...eP2lamx8) )
In a chaotic source f,fg + c.c. fluctuate randomly and drop out of

expectation value.

_ <> wa2)? 2212
R=iniis = morvar = LT 2z gy cos(AxAp)
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NA22 [? Kp, mp 250 0.800 uses q¢
MARK 11 [?] J/ 3.1 0.810 £ 0.020 + 0.050 opp. sign
J/P 3.1 0.790 £ 0.020 + 0.040 mix event
Yy 39 0.840 £ 0.060 + 0.050 opp. sign
vy 39 1.050 + 0.050 + 0.060 mix event
qq 4.1+6.7 0.710 £ 0.030 + 0.040 opp. sign
qq 4.1+6.7 0.780 £ 0.040 + 0.040 mix event
qq 29 0.840 £ 0.060 + 0.050 opp. sign
qq 29 1.010 4 0.090 4 0.046  mix event
UAL [?] PP 200 -+ 900 0.729 4+ 0.031 + 0.029 opp. sign
NA27 [?] pp 400 1.200 -+ 0.030 mix event
ALICE [?] pp 900 0.874 £ 0.04774,%47 mix event dN/dn = 3.2
pp 900 1.082 + 0. 068+0 059 mix event dN/dn = 7.7
pp 900 1.184 £ 0. 092*% 01662 mix event dN/dn = 11.2
TASSO [?7] ete™ 34 0.727 4 0.110
AMY [7] ete™ 58 0.730 & 0.047 £ 0.053  opp. sign
eTe™ 58 0.582 4 0.062 £ 0.016  mix event
DELPHI [?] ete™ 91 0.620 4 0.04 £ 0.20 opp. sign + mix event
OPAL [7] ete™ 91 1.002 £ 0.01674 %% opp. sign
L3 [7] ete™ 91 0.435 £ 0.010 + 0.010 7% MonteCarlo
ete™ 91 0.309 + 0.074 + 0.070  7° MonteCarlo
ALEPH [?] ete™ 91 0.529 =+ 0.005 mix event
ALEPH [7] ete™ 91 0.777 + 0.005 opp. sign
H1 7] ep 230 0.680 =+ 0.040 1 20
ZEUS [?] ep 230 0.671 + 0.016 + 0.030  opp. sign
BEBC [7] vuN 10 0.800 4 0.040 =+ 0.160
EMC [?] up 23 0.840 + 0.030 opp. sign
up 23 0.460 + 0.030 mix event
E665 [?] uN 30 0.39 £+ 0.02 mix event
BBCNC[?] uN > 10 0.68 £ 0.047,%C opp. sign
,uN > 10 0.54 + 0. 03+0 030 mix event

020

vent
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