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ToxXOgecTBEHHOCTb YacTul U
MHTEepEepeHUUS

3. lTdentical particles correlation

Aanother way to study the space-time picture of
hadronic interaction is ©© measure the cormelations
between two i1identical particles which momenta are
close to each other!. Such tool was proposed by
G Goldhaber.,. WoB Fowler and S.Goldhaber[7] and
for the high energy hadron-hadron interactions by
Gl Kopyilov and M. Podgotetskii [8]. Now it is also
known as Bose-Einstein correlationiBEC)H[9]. The
correlations of identical particles are used o stuady the
size of the domain, from which the scondaries were

emitied.
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Figurs Z: Tllustration of ewo plon corme lation experiment
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Besides this we have to consider the permutation of two

1dentical pions. That is we have to add to M,, the ampli-
tude

Mi(p1. ) = I *Mry,r).

[ d4] r 2
{Eﬂ-}# fl I{jﬂ_}:t Pl

Mu(pi, p2) = I *M(ry,r2),

where the pion with momentum p; was emitted from
the point r; and wise versa. This can be written as

M(pi,p2) =M, + My=M,-(1+™),

where the 4-vectorsr =ry—r;and 0 = p; — py.
Finally the cross section takes the form

E\Exd’e

A =% LIMP <2426 5= IMP(1+ < €€ 5),
pid’p

Here the factor 1/2! reflects the identity of two pions
and the angular brackets indicates the averaging over the
(r1.r2) space distribution. Assuming, for simplicity, the
Gaussian form we get < /¢ = ¢<>



Correlations will be seen in the region of Q-value
smaller than 300 MeV. To extract the effect one can

compare measured Q-spectra with similar one but with-

out BEC, so called reference spectra. Then the ratio
ﬁ—ﬁ
Rfﬂ} = E
dg

can be fitted with an appropriate formulae

RIQ)=FirQ)+a+ bQ
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Using 7 reference samples, widely used in literature, for
measurements and systematic uncertainties estimation.

1 Opposite charge pairs;

2 Opposite charge pairs with one track ~p inverted,

3 Same charge pairs with ~p inverted,;

4 Same charge pairs with ~p rotated in transverse plane;

5 Pairs of tracks from dierent events, chosen randomly;

6 Pairs of tracks from dierent events with similar dNtracks=d ;
7 Pairs of tracks from dierent event with similar total invariant
mass of charged tracks.
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CMS BnepBble Ha LHC

UCC

nepnosan b3K

As an example, the ratios R((J) obtained with the opposite-hemisphere, same-charge reference
samples are shown in Fig. 1 both for data and simulation without BEC. A significant excess at

small values of ( is observed

in the data. Additional details are given in I]D]..

RIQ)
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Figure 1: Ratios R(()) obtained with the opposite-hemisphere, same-charge reference samples
for data (dots) and MC with no BEC effect (crosses).

In order to reduce the bias due to the construction of the reference samples, a double ratio R is

defined:

R(Q) =

R
Rmc

dN/dQ
dN..7d0

y e

) f( dNyc/dQ
[\ ANy i/ dQ



Bose-Einstein Correlations In
multi-particle final state In proton-
proton collisions at beam energy
900 GeV and 7 TeV at LHC with

ATLAS

V.A.Schegelsky
December 2010



The proximity in phase space
between final state particles with
4-momenta pl and p2 can be
guantified by

Q:\/_(p1_ p2)2




All pairs of the same-charge
particles with Pt in the range of
(100-500) MeV are used. As a

reference Opposite-
hemisphere pairs (E,p)->(E,-p)
IS used



All pairs of the same-charge particles with Pt in the range of (100-500)
MeV are used. The reason for the Pt limitation is dictated by small
contribution of non-pion particles, as one look from PYTHIA8 model.
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In the very first publication on BEC
interferometry with LHC (CMS, 900 GeV,
arxXiv:1005.3294v1, May 18, 2010) it was

shown that measured source radius

depends on particle multiplicity.
Unfortunately, statistics for 900 GeV run is
quite limited. In ATLAS we have “only”
~400K events, twice more then CMS. For 7
TeV run we have unlimited statistics.
Results presented based on 400K events
for 7 TeV as for 900 GeV ( what | have In

my laptop).



Only tracks with Pt smaller 500 MeV are selected. One can see
rather impressive plateau. Moreover source radius is NOT
dependent on beam energy BUT multiplicity!
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Multi-particle Radiation Source Size Determination via the identical pion
correlations with ATLAS experiment at the LHC

M.GRyskin. VA Schegelsky

Petersburg Nuclear Physics Institute, Gatchina, Russia

Abstract

ATLAS Minimum Bias Event Collections from the LHC proton-proton collision at center-
of-mass beam energies /S =900 GeV and 7 TeV are used to determine the particle emission
source size. It occurs that this parameter depends essentially on charged particle multiplicity
but not on the beam energy.
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Figure &: Source size as a function of particle multiplicity at /5= 900 GeV and /s = TTeV



4 Conclusion

The multiplicity dependence of the radiation source size shown in In Fig. 5 can be explamed if parh-
cles are emitted from one or few small size sources while the size of each mdividual source practically
does not depend on energy (at least m the interval from 0.9 to 7 TeV considered here). Then the low
multipheities correspond to the events where only one small size source was ongmally produced and the
radius » = 0.5 fm reflects the size of this source. A higher multiplicities are caused by the events with
few sources and now the value of r 15 dnven by the mean distance between two sources.

In terms of the Fegge-Pomeron theory this can be described as follows:

To satisfy the s-channel umtanty we have to consider not only one-Pomeron but the mul-Pomeron
exchange contnbutions as well. At ngh energies the multiparticle production 15 descnbed by the emis-
sion from one or few cut Pomerons. Each cut Pomeron plays the role of the relatively small size source
mentioned above. The low multiplicity comresponds to the case of only one cut Pomeron. Thus the small-
est radms ~ 0.5 fm should be considered as the radius of one mdividual Pomeron (to be more precise -
as the size of the source formed by a single Pomeron). At a ngher multiplicities we deal with the events
with a larger number of cut Pomerons and now via the 1dentical particle correlation we measure the mean
separation between the Pomerons.
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In the Regge approach each soft Pomeron can be regarded as a
multiperipheral ladder, see Fig. 1. The ladder shown in (a) corre-
sponds to the elastic pp scattering amplitude, while on cutting the
Pomeron, as in (b), we obtain the cross section for multiparticle
production. Cutting n Pomerons in a multi-Pomeron exchange dia-
gram, (c), gives a final density of secondaries in the central region
that is n times larger than that for one-Pomeron exchange, see, for
example, [15] for more details.
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Fig. 1. (a) The ladder diagram for one-Pomeron exchange; (b) cuing one-Pomerocn
exchange leads o the multiperipheral chain of final stare particles; (c) a mulri-
Pomeron exchange diagram.



4. Saturation of source radius at large Ney

Let us return to pp collisions, and recall the partonic structure
of the proton. In a pp collision the parton-parton interaction is
analogous to a NN collision in heavy-ion collisions. Thus we expect
(r) to saturate at the value of Ny, when the partonic discs of the
colliding protons overlap, that is at a value of {r) characteristic of
the pp interaction. Let us compare the value of {r) ~ 2 fm observed
for large N, with that obtained from the t-slope of the elastic pp
cross section. The slope expected at 7 TeV is about B ~ 20 GeV—2;
see, for example, [16]. Now the relation between the slope and the
radius is’

By/2=(r")/4 gives (r*)~1.55fm". (3)

However, the above relation is obtained with a Gaussian form
=2’ while the correlation is observed [8] to be better described
by the exponential form e—2, The relation between {r) for the two
forms is

(Flexp = ‘J{E \r ) Gaussian. (4]

Thus we obtain (r)ep =2.2 fm close to the value found in the BEC
data [9,12]. That is, we have correspondence between the value of
(r) at large N, and the interaction radius determined via the elas-
tic slope By. Since By increases with energy, we therefore expect
that the ‘saturated’ BEC value of ir) will also increase a little.



To conclude our discussion o far, we see that the BEC effects at
the LHC offer the opportunity to confirm the universal smallsize
structure expected fo the Pomeran” and to measure hoth the size
of individual Pomeron (at comparatively small N and the r&
dius of the proton-proton interaction (at arge N3 . We sketch the
expected behaviour of the average radius of the identical particl
emission region, {r) with Ny in Fig. 2. At low N5 we measure the
size of the pion source created by one Pomeron, while at larger Ny
the result is mainly driven by the spatial separation between twe-
Pomeran exchanges. An important result of the observation of BEC
5 that at low N the size of the source does not depend on er-
ergy, within the experimental accuracy. This confirms the universal

structure of the Pomeron pole. At large Ny, we expect saturation
of (1) at 2 value correspanding to the adius, Ry, Ofthe pp inter
action, The comresponding platzau in the Ny-plot should therefore
increase slowly with energy, a5 (1) By (5.
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Fig. 2. A skerch of the expected values of (r} as a funcrion of the mulplicity of
charged pamicles, N_. The size (r) of the source of identical pions originating from
different mechanisms is indicared. The continuous and dashed curves cormespond oo,
say. ./5 =7 and 0.9 TeV respectively. At low N4, we expect {r) o be independent
of the collider energy .5, while for the plareau we expecr (r) ~ Rpp o =115
o increase very slowly with energy. Very large multiplicities are expecred to arise
from high-E; evenrs originatng from a single ladder. The scale for the N, axis
depends on the experimental acceprance domain. Here, we indicare an approximare
ypical scale for N, commesponding to a relevant experimental n interval, || < 2.5,
and pr cur.



Lo cux nop HenoHsATHO- noyeMy CMS He nokasan pe3ynbTaTtbl Npu
O0NbLUMX MHOXECTBEHHOCTSAX, HO «OOHaPYXMUN ABNEeHne»
aHTUKOppPEensALUn
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Figure 6: Detail of the distribution of the double ratio 'K for Vs =7TeV using different intervals
of charged-particle multiplicity in the event (Ng,). The lines are fits to the data with Eq. (4). The
error bars are statistical only.
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The simplest way is to prepare mirror sample from the original one,i.e. to change in the event all

momenta 3-vectors as p — —p (PMIR case).

- Reference sample = PMIR
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The better way should be if the reflection is made in the transverse plane p; — —p; (PTMIR case).
The results are a bit closer to the model values but still there is no small Q events in the reference
distribution if the model Q-values is smaller than ~ 300A eV .
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One gets a bit better reference distribution if vectors p; in an observed event will be turned by a

random value of 0@ , the same turn for all tracks - PHIRAND case.

. Referencs sample = PHIRAND
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The unlike Q-distribution looks as a natural choice because there should be no BEC for the unlike
sign pairs. The source radius from the fit is close to the model value , however the resonances
contribution makes fit quality bad. The contributions of the pU and the remnants of 77 mesons are
clearly seen. To make fit better, one has to exclude quite large region in Q : 200-1000 MeV. In the
data analysis the situation will be even worse because the MC models does not describe the

contribution of (multi-particle) resonances in this Q-region.
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Two-particle Bose-Einstein correlations in pp collisions at
+/s = 0.9 and 7 TeV measured with the ATLAS detector

The ATLAS Collaboration

Abstract

The paper presents studies of Bose—Einstein Comelations (BEC) for pairs of like-sign charged
particles measured in the kinematic range pr = 100 MeV and |j| = 2.5 in proton—proton collisions
at centre-of-mass energies of 0.9 and 7 TeV with the ATLAS detector at the CERN Large Hadron
Collider. The integrated luminosities are approximately 7 wb~!, 190 xb ! and 12.4 nb~! for 0.9 T&V,
7 TeV minimum-bias and 7 TeV high-multiplicity data samples, respectively. The muliiplicity depen-
dence of the BEC parameters characterizing the comelation strength and the correlation source size
are investigated for charged-particle muliiplicities of up to 240. A saturation effect in the multiplicity
dependence of the correlation source size is chserved using the high-multiplicity 7 TeV data sample.
The dependence of the BEC parameters on the average transverse momentum of the particle pair is
also investigated.
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6 The ATLAS Callaboration: Two-particle Bose—Einstein correlataons
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Fig. 1. The two-partxcle double-ratio correlation function #z(0Q)) for charged particles in pp collmons at (a) % =000 Tel', (b)
T TeW and () 7 Te¥ high-multiplicity events. The lines show the Gausian and exponential fits as described in the legend. The
region excluded from the fits 18 mdicated . The emror bars represent. the statastical uncertaunties.
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Fig. 3. Multiplicity, ne., dependence of the parameters {a) A and (b) R obtained from the exponential fit to the two-particle
doubleratio correlation functions Fz(Q) at /s =09 and 7 TeV, compared to the sguivalent measurements of the CHMS (38, 39
and UA1 [67] experiments. The solid and dashed curves are the results of [a] the exponential and (b) 375 for ny, < 55 fts.
The dotted line in (b) is a result of a constant fit to minimum-bias and high-multiplicty events data at 7 TeVior na = 55, The
wrror bars repressnt the quadratic sum of the statistical and systematic uncertainties.
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