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Overview

What is femtoscopy and what does it measure

* Measuring the size from SPS to LHC

Femtoscopy and collectivity

— Lessons from RHIC
— Validation of hydro predictions for the LHC
— Femtoscopy with heavy particles

— Azimuthally sensitive femtoscopy

* Femtoscopy in small systems

— Differences and similarities to heavy-ion collisions

— Understanding source evolution in elementary collisions
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Correlation — identical particles

>p1 q —P,- P,
F=X,-Xg

>p2

* Quantum interference of indistinguishable scenarios

— We detect a pair of particles with (p;, p,), knowing that they
have been emitted somewhere from the source (X,, Xg)

‘PZ%[exp(—iple—ipzxg)"‘eXP(_iPl xB—ipzxA)}
|qj|2:1+§[exp(—zp1xA—zp2xB+zp1x3+zp2xA)+eXp(—zple—zpzxAﬂple+l pzxg)}

:]+%[eXp[—i(XA—)CB>(p1_pz)]+exp[i(x,4_x3)<pl_pz)]]

=1+cos(gr)
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Correlation — hadrons

* Two hadrons interact via the strong force after their last
scattering (emission)

— ¥ is the Bethe-Salpeter amplitude, corresponding to the
standard quantum scattering problem, taken with the inverse
time direction

— For identical hadrons it must also be properly
(anti-)symmetrized )
W=exp(—ik 7)+ f
11

fl=—t=d =ik
Jo 2
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Correlation — charged particles

* Two charged particles interact via Coulomb after their last
scattering

— This gives the final form of the wave-function, which must
also be properly (anti-)symmetrized for identical particles

W (r)=e> VA m)|e ™ F (=i, Lig)+f (k) G(p,n)/r]

€=k r’+k'r'=p(l+cos(8), p=kr’, n=(k'a)”', a=(pzze’)"
F(k',r',0 )=1+r (1+cos0 )/a+(r (1+cos® )/a)’+ikr *(1+cos8 )’/a+...
6* is an angle between separation r* and relative momentum £*
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Measuring space-time extent: femtoscopy
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] The Koonin-Pratt (KP) Equation

B N = [ S (G P =W (G

* Use two-particle correlation, coming from the interaction ¥
* (Can be quantum statistics (HBT), coulomb and strong

* Try to invert the Koonin-Pratt eq. to learn S from known ¥
and measured C
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What “size” do we measure?

* Particle source is given by S, usually taken as Gaussian:

2 2 2
X X X,

o S

2R> 2R 2R
* But the KP equation takes the pair separations:

2 2 2
r r v

AR 4R’ 4R
* For identical pions coulomb factor X is factorized out, ¥ is
then 1+cos(gr). Then KP gives the femtoscopic part of CF:

S(x)~exp|—

fS (x,)S(r—x,)d x,~exp|—

C,=(1-A)+LK|l+exp(-R:q~ R ¢~ R q})]
both R and ¢ can be evaluated in several reference frames.

* The size R measured in this way is a variance of single-
particle emission function (emission probability distribution)
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Refernce frames

If statistics is sufficient (charged pions ...) the
measurement is in 3 dimensions, giving 3
independent sizes

* The Longitudinally Co-Moving System is used

* The Bertsch-Pratt decomposition of g:

— Long along the beam: sensitive to longitudinal
dynamics and evolution time

— Out along %;: sensitive to geometrical size,

long [} 2497 2
mT_\/kT tm, emission time and space-time correlation
Longitudinally Co-Moving — Side perpendicular to Long and Out: sensitive
System (LCMS):

to geometrical size

P long — P> ,long . . 4.
* For analyses which are statistically challenged,

The Koonin-Pratt Equation: = the measurement is done in one dimension
C(@=] S(I¥(@.r)Fd"r (giving only one size) in Pair Rest Frame

Adam Kisiel (WUT) EMMI seminar at GSI, 11 Feb 2015 8/40




How does it look like?

 Various shapes and momentum scales, depending on the
pair type (interactions involved), collision system and
energy, pair transverse momentum, etc.

eg: C(q)=(1-1)+1K(q)[1+exp(—R¢")]
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Size evolution
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Non-trivial size evolution
at few GeV Vs,

interpreted as a change
to pion dominated
system

Later a smooth
transition with energy

At LHC the sizes visibly
larger, growing with
multiplicity

Qualitatively consistent
with hydro
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Measuring system lifetime

* Lifetime can be estimated from the longitudinal radius

* Clear increase of system volume and lifetime with collision
energy, at LHC system twice as large and living 30% longer than
at top RHIC energy (good conditions for QGP studies)

STAR, 1403.4972

Phys. Lett. B 696 (2011) 328 (values scaled)
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Heavy Ion coII|S|on evolution

QéA 30 2 ¢ HIC is expected to go
= 20 1o through a QGP phase,
0 1] where matter is strongly
E° e interacting — resulting in
> 10 el the development of
20 f:j;‘l collective motion
-30 0.01
%0 [T ., 1=+ Radial flow dominates,
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Thermal emission from collective medium

(9 A particle emitted from a medium will

(Pﬁ ) N have a collective velocity ;. and a thermal
;_‘f;ﬂ-(p' (random) one p,
A » As observed p, grows, the region from
)\ where pairs with small relative momentum
can be emitted gets smaller and shifted to
the outside of the source
5 A g
*§10— 5
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oL o
2
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m_ dependence at RHIC

« A clear m; dependence is observed, for all femtoscopic radii

and for all particle types: but is it hydrodynamic like? And
can we tell?
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RHIC Hydro-HBT puzzle

T. Hirano, K. Tsuda, nucl-th/0205043 ®
Phys Rev C66: 054905 2002
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First hydro calculations struggled to
describe femtoscopic data: predicted too
small R, too large R, — too long

emission duration

R /R, sensitive to emission duration,
which is Iarge for flrst order phase tr.
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http://scitation.aip.org/getabs/servlet/GetabsServlet?prog=normal&id=PRLTAO000093000015152302000001&idtype=cvips&gifs=Yes

Revisiting hydrodynamics assumptions

S. Pratt, Ph
1.8

R out/ R side

Rhng (fm)
(]

ys. Rev. Lett. 102, 232301 (2009)

T
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Initial flow

Cross-over EO

2

200 300 400
k, (MeV/c)

500

Data in the momentum sector (p;

spectra, elliptic flow) well described by
hydrodynamics, why not in space-time?

Usually initial conditions do not have
initial flow at the start of hydrodynamics
(~1 fm/c) — they should.

Femtoscopy data rules out first order
phase transition — smooth cross-over is
needed

Resonance propagation and decay as
well as particle rescattering after freeze-
out need to be taken into account:
similar in effects to viscosity

Phys.Rev.Lett. 101 (2008) 022301
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Expectations for the LHC

* Lessons from RHIC: « Extrapolating to the LHC:
— “Pre-thermal flow": strong flows — Longer evolution gives larger
already at z,=1 fm/c system - all of the 3D radii grow
— EOS with no first-order phase — Stronger radial flow — steeper k;
transition radii dependence
— Careful treatment of resonances — Change of freeze-out shape —
important lower R_ /R, ratio
RHIC - LHC _ _
12 () Gaussian profile 12/ () Gaussian profile tE: T— LHC E; ?_
o flow  wdrt B b g RHIC ) \
. : 0.4 35 5_ .\-\'\, 5 \\
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Model multlpI|C|ty and m, dependence

R, (fm)

Rside (fITI)

Rlong (fm)

R PbPb @ 2.76 ATeV 1 )
- 3+1D Hydro + Therminator A N LA 1 For hlgh mUItlp“CIty
o H ) pion femtoscopy B 6_— °© ] . .
I A ]2 =" - 1 A+A collisions where
I EI“D N ou‘?.;- . | = | !5' X ,E]‘//Jg 1 h d . I. bI .
_TG: g - o ﬁ ‘‘‘‘‘ o o s v 4_— '5' -0 P ,{g i/’/}/ - y ro IS app |Ca e-
L - g ~~§[ ‘‘‘‘‘‘ 1% ‘‘‘‘‘‘ ‘__‘_‘ (o] o ] i ’J;/ ’g’z 4;/ !—;E_J ’{/”_ ]
e <}_ ___________________ - - —
: S B S 5 - Strong flows result
| . . . . I . . . . ! . . . . l . . .
0.5 1 5 10
g G1) o in clear my
= T T — —— ' ' T ' ' ' ' —
centaly 180 & cevic) o dependence
- = 0-10% ¢ 20-30% ®40-50% - T®0.1-02 ©0.6-0.7 .
[ o I*i :  ©10-20% O 30-40% © 50-60% 6©0.203 +0.7-0.8 w7 o] (power-law)
[« o 'Pt\_‘é - 60-70% | = ' +0.3-04 0810 e —
(om0 S 1o » v05% | S [00405 1042 & ° /9/”’? ] i
fa fedd 1 14 afe0s06 S S Dependence is
SRS A ol s I PRl :
SR EE I o o S I N SR ce £ & - most steep in /ong
=TT Lo — 2 - S —
R T — — All radii scale
m. (GeV/c) <dN r’dn> . . .
.‘ . ALICE. 0.5% | | [ roPo@276ATev ] linea rly with final
o' s ' _ 3+1D Hydro + Therminator L | oy T
i e i 10_ pion femtoscopy . o ] State mU|t|p||C|ty
\OE“‘-i 1E [ e ]
\D\ o”“x'":i ) 13 0 . o . e ]
S ¢ e o Je g = T e
Gg ?;ggﬁ* ~~~~~~ %; ““““““““ | - o L 5 X/ ? if ,if 4 A.Kisiel, M.Galazyn,
B s S SR R m B S | EBozels arXiv: 14004571
05 1 - 18/40

m, (GeV/c) (dN Jdny'?



Data on radii vs. centrality and k-

0-5% 20-30%  50-60%

: TE {f *f ; § i %

Rige (fM)
_tmw:smo:xl

7E
@ 5-10%  30-40%
6:—+ 'E 10-20%  40-50%
P f q%
e
=4 1 f** §
o 3F
2_— i
1E
E.. R A SR B AP RN O
03 04 05 06 07 08 09
k, (GeV/c)
ALICE PbPb @ 2.76 ATeV
ﬁ t . combined
=1 L

k, (GeV/c)

e e by by by by b 1
03 04 05 06 07 08 09

ALICE preliminary

g ﬂi

Riong (M)
—_ N C.ln-'! -3‘-‘- U'I O'l "-I 03 (=]

B .

v
s =
R & b
BT =

k, (GeV/c)

A.Kisiel, QM2011
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Femtoscopic radii vs. &, for 7 centrality bins in
central rapidity region

Radii universally grow with event multiplicity
and fall with pair momentum

Both dependencies in agreement with
calculations from collective models
(hydrodynamics), both quantitatively and
qualitatively

Hydro calculations done after the release of
preliminary femtoscopic data from ALICE,
however reaching similar level of agreement at
RHIC took 9 years!
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Linear multlpI|C|ty scaling of radii

- ALICE PbPb @ 2.76 ATeV
— stat. + syst. errors

 Radii in 3 directions and all pair
momentum ranges scale linearly
with dN,,/dn

* Slope parameters of this fit show
power-law behavior, similar to
hydrodynamics
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Femtoscopy final or initial state?
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Radii scale with final-state multiplicity:
R, scaling very good, transverse radii

more complicated
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What about initial state variables?

 Initial state variables work within similar collision system and
energy, but not across collision energies

* Femtoscopy clearly driven by the final-state
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Looking for the critical point
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* Looking for the non-monotonic behavior of radii in search of
the critical point

* Non-monotonic behavior seen in SPS energies in “emission
duration” and “expansion rate” observables
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m. scaling for heavier particles
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____________

“Collective” flow should apply to all particles

— Inideal 1D hydro particles of all masses
follow the same m; scaling. What about “rea
hydro in 3+1D and with viscosity (but no
hadronic rescattering)?

III

— The scaling still exists but only approximately,
the deviations comparable to current
experimental uncertainty

— It only works in 3D in LCMS notin PRF!
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1A.Kisiel, M.Galazyn,
- |P.Bozek; arXiv:1409.4571
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m.. scaling with rescattering

V.M.Shapoval, P.Braun-Munziger, lu.A.Karpenko, Yu.M.Sinyukov; arXiv:1404.4501

Ryt (fm)

Riong (fM)

P P P e

506070809 1 1112 13

m; (GeV/c)

8

A sLAos SIS BNe: MY

506070809 1 1112 1.3

m; (GeV/c)

Rige (fM)

= 0.7F

-  =—— — HKMua 7, LHC Pb+Pb @ 2.76 TeV

HKM K®K™, LHC Pb+Pb @ 2.76 TeV

(@] ALICE w ', LHC Pb+Pb @ 2.76 TeV

506070809 1 1112 13
m; (GeV/c)

0.6t
0.5'

506070809 1 1112 1.3
m; (GeV/c)

* Hydro model + rescattering phase (UrQMD) at LHC predicts breaking of the

m; scaling for kaons — is the hydro prediction non-universal or is it the

effect of the rescattering phase?
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Collectivity with heavier particles

« The k; dependence is

33

tested with heavier F
mesons i

« The 3D Ko, results in i

.

;_[1] Phys. Lett. B 696, 328-337 (2011)

0,0 syst, -
* ALICE KSKE U ermrs 3
+ ALICE sz "

central Pb-Pb consistent LR B I

with collectivity (hydro)

Eo

expectations ; i

* Non-trivial data analysis g
(no analytic functional ok
form for fitting o5

QS+Strong femto signal)

m; (GeV/c?)

Agiqe (fM)

Pb-Pb\s,,, =2.76 TeV
Centrality 0-5%

H‘E Inl<0.8

M. Steinpreis, QM2014
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Non-central collisions = elliptic flow

Elliptic flow is a sensitive probe of early dynamics — used as a
primary evidence for hydrodynamics-like flows at RHIC.

Vo =
i—p Reaction
{ X plane
0.06
Fig. F. Retiere ’ ' ,....-“'.biggerpressure gradients 004_

in-plane than out-of-plane 002_
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Non-central collisions: azimuthal
modulation of collectivity

hydro evolution later hadronic stage?
T-T,= 3.2 fm/c —

vifrrd

=, irs ¢
N Y, Frss
s, P A =
- i

.*oo“ ‘00‘
= o - |

i LI T ™ -

- 4 " i

Kolb & Heinz

anisotropic pressure gradients

atissian profile
« drives the emergence of elliptic flow (v,)
* Space-time and momentum anisotropy

connected: can they be described at the
same time?

« Azimuthally sensitive femtoscopy R.P. e 1\
measures the space-time asymmetry by - 257 20! \ N 03
. e . T: =145 MeV 0.4 A
measuring radii vs. reaction plane 0 Au+AU @ Sy = 200 GeV
' 0 2 4 6 8 10
* Specific oscillations are expected r [fm]
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Emission from the source vs. time

* Azimuthal anisotropy is self-quenching — evolving towards a
spherical shape

* Any change in EOS (critical point, first-order phase transition)
may significantly alter azimuthal anisotrophy

E ol Etof- En
s . . sf- s 5[
- time slices B« T : :
fof1 f/e |B 4 ¢ B
[ —d0 i i i . j
S Sl S 5| ‘-u_h r
[ Phys.Rev.C79:0 | 1, | : : '
-10_—| .1.4.-9.|O.2.’.2.(|).().9.. Loy | l1u__| 1-2 | | ] '10-_| 2_3 ] ] | ‘m-_| 3-4
BT 5 v 5 w0 W s s e 0 5 [ 5 70 0 5 3 5
x [tm] x [fm] x [fm]
£ Erol- Eo| Ewo
5 r 5 P . 5 5
E |II. l'Il E J
0 o | I! o ; | 0
L II'._ J i !
4 i )
5 5 S A 5 5
l1n__ ol | | 1 l1n-_l 6_7 | | 1 l1u-_l 7-R 1 1 | ‘10-_| R_Q | |
-11:‘S @ 3 s [101 [ I 2 3 [}n] S [ 5 [;n] T 3 5
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20-30% 10-20%

). 015<k <0.25 1n.35-=|$T-=u.ﬁq Rad” VS. reactlon

0.5

wuft 2020, ;1 ! .| -__plane orientation

A Fixed A
@ Variable A

* Separate CFs are constructed for
each orientations of pair &, vs.

reaction plane

« Radii are extracted vs this angle,
total dependence can be
characterized by 7 parameters:

Riut Rf)ut O_|_2 Rout ZCOS(ZCI)p)
dee dee O—i_2 RSIde 2COS(2¢ )

Rlzong RIzong 0+2 RI20ng 2COS<2 Cl)p)
I:Qout—gde_2 dee—out,zsln<2¢p)
* Experiment clearly sees an

| B | B anisotropic source shape
PE ﬂl./ - ﬂ:r.i:-
< o] - 0
o8 _ _/. S STAR, Phys. Rev. Lett. 93 (2004) 12301
= 0 5 ' e-Print Archives (nucl-ex/0312009)
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Oscillations from RHIC BES to LHC

0.1
0
-0.1
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Search for EOS change

0.4 E m E895 (-0.6<y<0.6, 7.4-29.7%) — UrQMD «  UrQMD
o E ¢  CERES (-1<y<-0.5, 10-25%) (2+1)D hydro EOS-Q 04+ . MCKLN 502
0.35— *  STAR(-0.5<y<0.5,10-30%) ='='= {2+1)D hydro EOS-H
E %  STAR({-1<y<-0.5,10-30%) =~~~ (2+1)D hydro EOS-I L v MC-Glauber 1/s =0.08
- ——— (2+1)D hydro MC-KLN
03— { STAR (0.5<y<1, 10-30%) 2 hﬁro MO-GLB B E895(-0.6 <y <0.6) 7.4-29.7%
0.25 - » & CERES (0.6 <y < 0.6) 7.4-29.7% ALICE
I L ,  STAR prelim. QM’12 Au-Au 10-30% PRELIMINARY
02F- s V5o =200 GeV/e, 025 < ky <O3SGeVie oy o oy 76 moy
TE 0.2 + ALICE0.3< k, <04 GeV/e 10-30%
0.15—
01
0.05— i
0 — L L L L il I L L I L L Lol 1 | I L I Il Il | - ‘ O 1 1 11 1 11 1 1 1 1 1 1 11 I 1 1 1 11111
3
1 1 2 3
10 o’ \su [GeV] 0 10 10 10

\s (GeV)

* At BES energies STAR measures a smooth decrease of
anisotrophy with energy — no signature of sharp EOS changes

* But CERES? - it appears the two measurements are not
consistent

* At LHC further smooth decrease of anisotrophy, qualitatively
consistent with hydro
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Femtoscopy in small systems

* The measurement can be done in “small” systems, such as p+p
and p-Pb.

— Need precise and differential data to address space-time
characteristics of particle production in “elementary” systems

— Significant multiplicities, comparable to peripheral heavy-ion data,
now reachable in pp and p-Pb. Can directly compare pp and AA, to
see if the influence of “collectivity” can be found

 But...

— Some basic assumptions of the femtscopic formalism are at the
edge of validity (independence of emitters)

— Conservation laws introduce large correlations for systems with
small multiplicity

— Jet phenomena a strong source of correlations as well
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pp vs. AuAu: puzzling scaling ...

. STA_R repo_rts tha_it 3D HBT STAR, arXiV (1004.0925)
radii scale in pp in a way very RN - Pyt
similar to AuAu Bl &k x d] g e

- = L pd < 3 J: 1 ® AusAu(50-80%) /psp [st]

» my dependence of 3D radii in Kk K K] L mausosmaps

2 1 O Au+Au (50-80%) / p+p [C-P]

AuAu is taken as a signature A { e Aushu 5080% /54 tEwGICe)

of a flowing medium i R ;
+ Is the scaling between ppand  ¢'| * % % 1 koo 4 |’
AuAu a signature of the S % &% o % ;* . %'-4%-
universal underlying physics Al TG M 5
mechanism or a coincidence? 05 03 04 05 92 03 i 03
m, [GeV/c?] m, [GeV/c?]
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Looking for scaling variables

* 3D LCMS correlation decomposed into Spherical Harmonics, first 3
non-vanishing components shown

« Correlations vary with dN,,/dy and k&, independent of s

ALICE, Phys.Rev.D84 112004 (2011)

" ALICEpp @ 7 TeV

N, 17-22 k; (0.12,0.2)

Ny 17-22 k; (0.3, 0.4)
Ny, 17-22 ks (0.5, 0.6)

1.0

ALICE pp @ 7 TeV

Tl
A R I I T I e )

on . Nyi1-11 k. (0.2, 0.3)
o' N,17-22 k;(0.2,0.3)
Ny 29-34  k; (0.2, 0.3)

ALICE =+ n+

o PP@7 TeV

O pp @ 2.76 TeV

o pp@0.9TeV @
Preliminary

e
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C ALICE pp @ 7 TeV
2 a) Ny 1-11 ANy, 17-22 * Ny, 35-41

Ol i e '

E, i Aoy Unique measurement

= 1 A= e g i

wf L. e |

ot - | * ALICE performed a unique
- “ALCEpp@900GeV . . )

2y N T TN, 17.22 analysis of pion femtoscopy in

gL s ’ elementary collisions

3::: 1; ﬁé) A ﬂi ‘" E ?

oF | oo w0 R — Three collision energies
- | — Detailed k; dependence

L a'.:. _ .

ERAIR “i TR S — Detailed multiplicity dependence

- BT S D B L .

ws 17 © "% % | . Behaviorin heavy-ions is not a
. — simple scaling of pp, as

o ﬁ ﬁ E% HL + suggested at RHIC

Ow | i \

o 1 ¥ Ay Jﬁ

ws | fﬁa %’ Y %.;i 3 * Many aspects of the

0.5 o ’ measurement not understood or
02 04 06 predicted

kr (GeVic)
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Radii vs. dN_/dy

ALICE, Phys.Rev.D84 112004 (2011)

i ALICE pp @ 7 TeV
pe— On'n'+nn kg (0.2, 0.3)
=a n'n'+rn ke (0.4, 0.5) ) T
= »AE &3
= 1_ et 5
OB . Y e
o
0 A S S S
- ALICE pp @ 2.76 TeV
— | an'n T Ky (0.2, 0.3) @./E
e 't Ky (0.4, 0.5) o5
= g
S _R’ ‘_“_,-"
g1 n e
Os IR
2 | o O]
:. ALICE preliminary
0:_ \ R BT T E T S R
B ALICE pp @ 0.9 GeV
_ mr'tttrn ke (0.2, 0.3)
£ 2 w T ky (0.4, 0.5) .
S— B
N Ny g |
g + (8 el
0 1 2 3

Radii scale linearly with dN,,/dy for 3

dimensions and all pair momentum
ranges

Radii from all collision energies
follow the same trend (y2/N,,.<1.0

for the fit); lowest multiplicity R,
points (all energies) slightly below.

Radii grow with multiplicity for R
and R

side

long

Behavior in R, is different: has flat
or decreasing trend at high k..
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fm)

j + ppVs=7TeV = E
c: OF & p-Pb ys,=5.02 Tev et
1D pPb from ALICE & . rmyemrer 50
_ S [ 0.16<K,<0.3 GeV/e .‘?? -
1D analysis performed for pp, m;i 0.2<k,<0.3 GeVic NE -
pPb and PbPb - s 1 ]
r EXE P
Uses 2-pion and 3-pion B 50 I"?f"’”g -
formalism, with different - L L Three-Pions—
g al L S e m +
sensitivity to backgrounds - ® k,=0.1, k,=0.5 -
pPb results 10-20% higher than o .
pp at similar multiplicity, up to < | L 1 il -
40% smaller than PbPb mgo 1t *'+"+"'+ K] +""+"+"+"*'* -
&m I . " | |
Comparing only LHC results, pp . ot .
and pPb not on the “AA line” from o crsea 8 g
lower energies C e wmemadt T T 1
Clearly different physics (initial i 1404 1104 |
? H Ll ! Lol | i
state?) in small systems 0 e 103(N )
ch
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3D pPb in ALICE

: b
* Analysis of pion femtoscopcy in e i % @ ¥ g
3D sensitive to collectivity | . S
signatures o ey

ALICE Preliminary

* Hydro predictions are comparable
to high-multiplicity pPb in Side
and Long and overestimate Out

i

* k. dependence similar in models [ & ALCERp fe=7TeV, (AN jdnya 278
S Bozeketal., (dN_/dn ) =45, R_ =09 fm
anc data 0—' E!loZeI:.eleI!I,,(lchhlfcI:;I)=4I5‘ Riln"=l1.5rlm |
0.2 0.4 0.6 0.8
k; (GeV/c)

* Lower initial size brings models
closer to data

VOA Multiplicity Classes (Pb-Side)
0-20%, (dN_/dn ) = 35.5
20-40%, ( dN_/dn ) = 23.2
40-60%, ( dN_/dn ) = 16.1
60-90%, ( N /dn ) = 8.2

« ®B O o

 Interpretation still an open

question S T
1_ " i % %
- Sinyukov etal., (dN_/dp)=35R =09
ALICE, 1502.00559 [ eecnnsas s::;ﬂkg: e ( sz:fdg Y=35 Ry =15 fm
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Summary

* Femtoscopy is sensitive to system size (lengths of homogeneity) and
collision dynamics

* Femtoscopy provides important constraints on system dynamics and
Equation of State at SPS, RHIC and at the LHC

* Correlation for heavier particles gives independent check of collectivity,
and may be sensitive to the magnitude of the rescattering phase in
heavy-ion collisions

* Azimuthally sensitive femtoscopy an important cross-check of the
hydrodynamic evolution of the system

* Measurements in pp show intriguing features, should they be treated as
“reference”?

pA data — an intermediate step between pp and AA?
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