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Introduction - HBT

Hanburry- B ro w n and  T w i s s  ( HB T )  
i nt e rf e ro m e t ry 
� Technique developed in astrophysics for star 

diam eter m easurem ant

� B ases on B ose- E instein sym m etriz ation w hich 
leads to correlation function ( C F )  enhancem ent 

for particles w ith close m om enta

� W idth of the correlation enhancem ant and 

uncertainty relation allow s to estim ate siz e of the 

source
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Introduction – Corr. Fctn.

Correlation Function is defined as
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Introduction - HBT
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Amplitude for 2 bosons with momenta p1 and p2,

emitted from points r1 and r2 and detected 
at x1 and x2 is



9 July 2003 Piotr Krzysztof Skowroński CERN/WUT MC4LHC 5

Final State Interactions (FSI)

In heavy ion collisions FSI are unnegligible
� They make fitting CF much more difficut since 

change significantl y the shap e of correl ation 
function

� B ut,  correl ations al l ow s to study nature of strong 
interactions

� O ne can p erform comp l ementary study of non-
identical  p articl es and correct than identical  
p articl e CF

� They al so giv e information ab out seq ence of 
emission
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Generation

The most direct way of HBT simulation 
seems to b e use of symmetriz ed amp litudes 
for p article creation p rocess.
This is achiev ed within L und S tring  M odel for 
p articles coming  from single string
hadroniz ation.

B. Andersson, M. Ringner, B-E  c orrel a t ions in 
t h e L u nd m odel , N u c l . P h y s. B 5 1 3  ( 1 9 9 8 )  6 2 7

F or any system containing  more p articles this 
ap p roach is comp utationally unb arab le
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HBT generation - problems

„Bose – E i n st ei n  c or r el a t i on s a r i se f r om  
sq u a r i n g  p r od u c t i on  a m p l i t u d es
N u m er i c a l  ev en t  si m u l a t i on s a r e f or m u l a t ed  
v i a  p r ob a b i l i t i es”
� „The typical event generator output is a set of 

d iscrete phase- space points,  lack ing correlations 
d ue to B ose- E instein sym m etriz ation and  other 
types of final state effects”

„N on e of  ex i st i n g  g en er a t or s p r op a g a t es 
p r op er l y  sy m m et r i z ed  N - p a r t i c l e a m p l i t u d es 
f r om  som e i n i t i a l  c on d i t i on ”
� Not saying about Final State Interactions handling
Quotations above comes from Wiedemann and Heinz, 
Phys. Rep. 319 (1999) 145 (pages 177-180)
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Remedy for a problem

Exists two ways of handling H B T  sim u lations 
for  H I
� Momentum shifts a l g or ithms
� W eig hting p r esc r ip tions
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Momentum shift algorithms

Base on shifting particle momenta obtained from some 
inpu t generator
F ew  approaches ex ists differing in complex ity  ( and limit 
nu mber of particles w here compu ting time stops to be 
permisiv e)
� W. Zajc, Phys. Rev. D 35 (1987) 3396
� L o n n b l ad  an d  S jo st r an d , E u r . Phys. J . C  2  (1998) 165 
� F i ał k o w sk i , Wi t  an d  Wo si ek , Phys. Rev. D 58 (1998) 94 0 13
� Ray an d  H o f f m an n , Phys. Rev. C  54 , 2 582  (1996).

F irst 3  of them are designed rather for pp,  how ev er 
au thors claim a w ill for trial for ions as w ell
� I  C o u l d  n o t  f i n d  an y si g n  t hat  i t  ever  hap p en ed

T he last one w ork s only  for high mu ltiplicities



9 July 2003 Piotr Krzysztof Skowroński CERN/WUT MC4LHC 10

Weighting algorithms

In fact not an event generation techique but the 
w ay  of obtaining correl ation function from  an 
outp ut generator l ack ing B E  effect.
� For given particle (four-vector m om enta and  pos ition)  

pair returns  w eigh t

T w o k now n to m e p rogram s  are avail abl e
� S cott P ratt,  C R A B  

h ttp: / / w w w . ns cl. m s u. ed u/ ~ pratt/ freecod es / crab /
� L ed nick y  and  L y ub os h itz ,  S ov.  J .  N ucl.  P h y s .  3 5  

(1 9 8 2 )  7 7 0  
s can availab le at

h ttp: / / ccd b 3 fs . k ek . j p/ cgi-b in/ im g/ allpd f? 1 9 8 1 1 0 1 3 7
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HBT simulation tools in Alice

HBT- P r o c e s s o r
� After-B u rn er th a t i n d u c es  c o rrel a ti o n  effec t b y  

s h i fti n g  p a rti c l e m o m en ta

L e d n i c k y  – L y u b o s h i t z  w e i g h t i n g  p r o c e d u r e
� C rea tes  c o rrel a ti o n  fu n c ti o n  fro m  ev en ts  l a c k i n g  

c o rrel a ti o n  s i g n a l  b y  w ei g h ts  a s s i g n m en t to  p a i rs  
o f p a rti c l es
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HBT Processor

Developed by Lanny Ray for STAR experiment.
Ray and Hoffmann, Phys. Rev. C 54, 2582 (1996).
ht t p : / / al i soft .c er n.c h/ p eop l e/ sk ow r on/ hb t p r oc essor / i ndex .ht ml

Sh ifts  momenta of inpu t events  u ntil req u ired 
s h ape of c orrelator( s )  is  obtained
� Most brutal from possible techniques but fastest

C alc u lates  bac k g rou nd h is tog rams  on fly from inpu t 
events
� N eed s more than one ev ent at ones to w ork
� A s more ev ents processed  at ones as prog ram is less 

prone for influence of statistical fluctuations
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HBT Processor

Works fine for high multiplicities
F or v ery  high multiplicities ev ents ca n b e 
b inned  in p

t
,  pseud ora pid ity  a nd  φ.

� Number of bins are tuneable parameters

D oes not reprod uce pt d epend ence of ra d ii
� O ne c an proc ess th e same input ev ents sev eral 

times for d ifferent p
t

rang es,  eac h  time spec ify ing  
proper rad ii
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HBT Processor

Coulomb Final State Interactions simulated 
by  conv oluting  f itted h istog ram w ith
� Gamov factor

� „ N A 3 5 ”  fi n i te  s ou rce  s i z e  corre cti on

� P ratt/ C rame r fi n i te  s ou rce  s i z e  corre cti on

Strong  interactions not tak en to th e account
� D o n ot w ork  for n on -i d e n ti cal  p arti cl e  corre l ati on s
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HBT Processor
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LL Weights

Strong FSI included as well as Coulomb 
interactions
It is also f easible f or detector p erf ormance 
study
� CF is created by calculating weight for simulated 

p articles,  but filling histogram at bin 
corresp onding to reconstructed p articles

� Can be studied this way influence of
Tracking efficiency
P I D  inefficiency infl u ence
M o m ent u m  res o l u t io n
D o u b l e Track res o l u t io n
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Availablity

Both packages are interfaced to C++ 
and integrated w ithin A l iR oot
� HBT – P r o c e s s o r

AliGenHBTProcessor – AliR oot  w ra p p er
THBTProcessor – R oot  w ra p p er

� L L  W e i g h t s
I nt eg ra t ed  w it h in HBTAN  p a ck a g e
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Cocktail After - Burner

For purpose of HBT – P oroc essor 
spec i a l  w ra pper g en era t or w a s 
d ev el oped  
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After Burner Cocktail 

W rap p er G enerator

Generator 1
Generator 2

•
•
•

Generator J

We have to generate N events (>1) and than run After Burner ones,
everything before transport

AliStack1 AliStack2 AliStack N........

After Burner 1
After Burner 2

•
•
•

After Burner K
1 timeN times
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Flow

Flow is an anisotropy in distribution
� Momentum

� Mul ti p l i c i ty

I n our c onc e rn is m om e ntum  radial and 
e lliptic  transv e rse  f low
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Flow generation

Contrary to HBT flow is very easy to simulate
� Postkanzer and Voloshin presented a determinitic 

prescription f or f low  simu lation
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AliFlowAfter and GeVSim

This algorithm has been implemented within 
A liR oot by  S y lwester R adomsk i in two way s,  
as
� GeVSim event generator
� F l ow  A f ter B u rner

P os s ib il ty  of  ad d ing f l ow  to events  generated  
b y  any  generator

� h ttp : / / rad oms k i. h ome. c ern. c h / rad oms k i
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v2 parametrization

Two kindes of v2 p a r a m et r iz a t ion 
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� Second parameterization is made to reproduce 
th e R H I C  data

� F irst parameterization is more suitab l e f or h eav ier 
particl es ( protons,  k aons)  w h il e second f or pions

� U ser can set arb itrary  f unction in th e prog ram
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