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Recap from (second to) last CM — y-y CFs§

Simulations (SMASH+ Hgeant) = no QS Data (days 74-80)
f‘“\l.457|II\‘IIII|IIII|IIII|IIII|II\\7 ﬁl_457|||||““|||||||||||||||||||| & —
o, ¢ Ag+Ag ys,,=2.55 GeV 0-40% YV o, [ Ag+Ag \5,,=2.55 GeV 0-40% Y¥
w14 : correlation w145 : correlation
O - HADES work in progress O - HADES work in progress

1.35* data 135+ data

— total fit o,, mapping — total fit o,, mapping
1.3F--- total fit extrapolatig Resolution corr 1.3 total fit extrapolation Resolution corr

L 0 : o .

-1 peak fit Purity corr -+ n° peak it Purity corr
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CF(q;,,)=1+A,exp(—q;, R} )+ A,exp(—q;, R3)
+fﬂ°(qz'nv’uﬂ°’ Oy Ky, kH>

Systematics calculated with Barlow Test



Recap from last CM — upper limits

fit range: (17;100) [MeVI/c]
k pseudo-experiments: 100000

1.3 I I | I LI | I LI | I I I | I I | I LI

R: = 4.59 [fm]
R,=1.55[fm]; A2 102 =1.71 w’ | Ag+Ag S = 2.55 GeV 0-40% Y-
S [ 99 isw=e correlation

e« data
—fit to data o, mapping
1.2

— UL, CL=0.68 -
Xz (fit) 33.13 34.47 43.60 Resolution corr

sim

C Fdata
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* The F-C method was utilized to get an upper limit
on direct photon correlation strenght (A1), being =
8 - 10 for CL=0.68 and ~ 5 - 103for CL=0.95.

* The paper is almost done

* The analysis is complete — we do not see any
significant direct photon related signal
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Why 2D lation?
) correlation: A
gle v. The invariant momentum difference ;. coincides . '
with the invariant mass and is equal to

Qine = V2p1p2 (1 —cosa) (3) ISP NOIONSIIOESON ()i mostly ro-

Lo flects gsige and qiong and is only weakly related to goyt.

= 24/p1p2 sin 9 (4) This means that the Bose-Einstein peak, which sits at

Jout = {side = (long = 0, in C(Qim.r) is diluted by uncor-

In the limits of collinear and back-to-back pairs it be- clated pairs with large goui. This deficiency of C(Qiny)
COMES has been noticed (Refs. [15H17][19]20]; see also Eq. (38)
in Ref. [1]) and the resulting reduction of the peak am-

VP1D2 ¢ for a — 0 plitude A was estimated and corrected for by performing

Qinv = { ' _ ' (5) a simulation accounting for the detector acceptance, the

2yp1p2 =2p, fora—m. shape of the photon spectrum, and the assumed R, [20].

Preserving the full height of the BE peak and at the
same time keeping the 7" peak narrow is possible in a
two-dimensional analysis

CF(&E: Qinv) . (b)




Why 2D correlation” < e
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long - determined by the beam direction 051 L. 10
out - determined by the pair trans. momentum , ' e i i !l ]
T Fa,= 04 GeV/c E
side - perpendicular to long and side P 0.4 : 1 =
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The resulting relation between the (AFE, Qiny) coordi-
nates and (Qout, 4 "inde —|—q120ng) in LCMS is shown in FIG. 1. Mapping of (qout, /024 + G2ng) 00 the (AE, Qiny)

1 plane in LCMS. Lines of constant gou: and those of constant

\/ @Gae + q]:éong are shown in green, red, and black for the pair

momentum K of 0.3, 0.6, and 1.2 GeV /e, respectively. In
the region below 0.1 GeV/e, where the Bose-Einstein peak
is expected to be located for direct photons from heavy-ion
collisions, the two representations are very close to each other.

Fig.




Why 2D correlation?

long - determined by the beam direction
out - determined by t

side - perpendicular t

:qm“: 06 GeVic | |

0.6 e

AE (GeV

Seems fairly easy to check if we can even attempt this
(Just add extra dimention to the CF), so lets check it!

qgide + qlzong) :

The resulting relation between the (AFE, Qiny) coordi-

nates and (qout,1!q§ide+q120ng) in LCMS is shown in

Fig.

0 01 02 03 04 05 06 07
Q,, (GeVre)

FIG. 1. Mapping of (gout, \/¢Z4. + ¢3,;) on the (AE, Qiny)
plane in LCMS. Lines of constant gou: and those of constant

\ ”1521 de T ‘1120 ng ATE shown in green, red, and black for the pair

momentum K of 0.3, 0.6, and 1.2 GeV /e, respectively. In
the region below 0.1 GeV/e, where the Bose-Einstein peak
is expected to be located for direct photons from heavy-ion
collisions, the two representations are very close to each other.



2D correlation attempt

Simulations, a,, mapping Data, a,, mapping

V 0-40% 7Y ' g+Ag \'s,, = 2. eV 0-40% 1Y
correlation _ ADES work in ess correlation

gress

100 150 200 250 300 100 150 200 250 300
q_ [MeV/c] q_ [MeV/c]




2D correlation attempt

Simulations, full correction Data, full correction

g!rAg S\ = 2895 GaW 0-40%: Vi¥ ' g+Ag \[s = 265 GeV 0-40% 17
ADES work infprogress g 10k fADES work injprogfess correlation

Resolution corr Resolution corr
\ Purity corr i Purity corr i
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200 250 300 200 250 300
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2D correlation attempt
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2D correlation attempt

Data/Simulations ratio, full correction
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Sadly no concrete hint of direct y signal is visible
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Why photons’?

! , Direct Dec ay
time
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| 2.

Stable hadrons: =%n.K",...

-

* Undistorted signal

Prompt Thermal Other

Fragm.
Jet-medium
QGP Jet

Hard scatt. Bremsstr.
Pre-equilib. Hadron gas

Hadron
Bremsstr.

e Information about
early stages (inaccessible for
hadrons — complementary

| Mid Rapidity

Resonance
Cartoonish idea of experimental decay
Y-y correlation function
T IRERAREAR) T T T T T

analysis to “standard” HBT) : o
Hydrodynamic gy s
« Probing before-freezoutera =" e G
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Femtoscopy

Goal - measure source's space-time characteristics and/or interactions between
particles through low relative momentum correlations.

% (7] Theory Correlation function:

5\ 52 Single particle B _ ‘ CF(P@P;) — nglfp{)
!qgﬂ:e %\51 emission function: P(p) fS(x)d X P(P])P(pz)

/_- . 7

e Two particle T e 5 o s aas e 3
R~10""m emission function: P(Pl,Pz) = S(x-lixz) |LP(S’C1JP1JS’C2;I92)| d x'ld X2

T~107% s

—

X : particle's position
p : particle's momentum

W (X1, P1; X2, P2) : two particle's wave function

S(x) : source function Experiment
q = |p1 — 2| : momentum difference Correlation function:
Nsame(q) : same event distribution Neomelq)
5 P CF(q) =

mixea(q) : mixed event distribution Sivog )



O
Femtoscopy

Proton - proton correlation function, Rinv= 3fm |

Effects and interactions:

-
@

8 af @ + QS - quantum statistics
ng : N..q' (Bose-Einstein or Fermi-
& - Dirac), identical particles
askF- Sad — Coulomb
» : Interactions, charged
B sl - particles
H, —=— QS+COUL « S| - strong interactions,
"'zj* . —e— QS+COUL+SI hadrons

==

7 i W G O VR T O A R e Y 0 T 0 0 i O M %, |
> 002 004 006 008 01 012 014 016 018 0.2
Qinv [GeV/c
Hanna Paulina Zbroszczyk, PhD thesis [ 1

q = |p1 — P2| : momentum difference

=
I

|¥; — X5 | : relative distance

CF(q) = fS(r)-d?’r

Determine the geometry
and dynamic properties
(traditional femtoscopy)

Determine the interactions
(non-traditional femtoscopy)



O
Mapping 2.0 — improved merging correction

Previously: Currently:

* Only minimum bias case (one map to fix * Separate cases for every 10%
them all) centrality class

« Arbitrary (by eye) chosen thresholds for * Chosen by cutoff percentage
sizes combinations (dependent on size, centrality and

* Quite complex fitting function, requiring combination od sizes), limited at
border cases to work properly (every 9.9% | |
“bigger” sizes combination has to have * Simplified fitting function, with no
treshold larger or equal to smaller one) border cases
f(s,,s,)=As+Bs;+Cs,s,+Ds,+Es,+F f(Sn52)=A51+352+C5152"X1%+F

+ border cases —roTeeT Ry

ible cutoff = 0.83;
le midcentralReduction = 0.02;
le peripheralReduction = 0.06;
le nonDiagonallncrease = 0.07;
le sizeIncrease = 0.06;

louble tresholdLimit = 4.8;




C 00
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|y

Modules are ~ 2.2° (92 mm) wide,
Can't separate 2y within 300 ps

Mapping idea

centrality 0-10, size 1-1
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3 modules — cluster size 3
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O
Recap from last CM — y-y CFs fits

Table 3 Obtained fit parameters for simulation (Fig. 6, left panel) Table 4 Obtained fit parameters for real data (Fig. 6, right panel)
parameter value stat. uncert. syst. uncert. (Barlow) parameter value stat. uncert. syst. uncert. (Barlow)
x> /NDF 1.09 x> /NDF 2.11

Ry [fm] 5.82 +0.59 +0.16 —0.67 Ry [fm] 4.59 +0.42 1+0.45 —0.39
Ai-1072 3.64 £0.70 +£1.04 —1.12 Ai-1072 2.85 £0.28 +096 —1.23

Ry [fm] 0.00 +0.83 -+0.00 —0.00 Ry [fm] 1.55 +0.13 +0.03 —0.00

A 1072 0.20 +0.09 +0.08 —0.05 A 1072 1.04 +0.22 +0.20 —0.21

0 [MeV/e?] 138.42 +0.11 +0.06 —0.18 10 [MeV/e?] 135.04 +0.04 +0.16 —0.22
0,0[MeV/c?] 14.22 +0.15 +0.15 —0.09 6,0 [MeV/c?] 15.55 +0.06 +0.14 —0.19

kr 1.14 +0.04 ki, 0.91 +0.02

kg 1.53 +0.10 kg 1.28 +0.02

Similar values of R; and A; - that’s (sadly) not a direct-ish photon signal,

but some aparatus effect.




O
Recap from last CM - reconstruction fault

Quite some time ago when | ... and it seems to be the case here as well! No such effect is
was working on hybrid visible before reconstruction!
approach (PCM+Ecal) I've
found some Strange eﬁects are ﬁé A L L L L L L I B
related to reconstruction of g 35 Ag+Ag s, =2.55 GeV 0-40% ¥V o
(Ecal) photons. &) - HADES work in progress correlation 4
_ 1-3:—. 4 acceptance ]
PCM + ECAL ycandldates., -« HADES Ecal acceptance oL, Mmapping -
___reconstruction step comparison __ 1.25F -
e ~ » Reco (HGeantKine) ]
“F L udiowe ST 1 of * Reco (HEmcClusterSim) -
o « UrQMD { . - a
A E - ., .
: 115 ® e —
1.6 . [~ . ]
4 : ] 1.4 © =
1.2F B . .
s | -:"""‘:’"T"i 1.05 EF» Y [ R —
08556500 500400 500608~ 700800500 - |44 o * ]
R 1% i E L,
_T | 1 | | 1 | 1 | | 1 | | | | |. | | | | | | | | | | | | | :

50 100 150 200 250 300
q_ [MeV/c]



CF before & after changed cluster finder

CF(a )

My digitizer, sim-like cluster

finder (all cluster sizes)
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O
1t°-11° residual correlation

"""‘;I .45_\ T 1 1 | T 1 T 1T ‘ T 1 T 1T | T 1 T T | T 1T 1 1T | T T T]
£ - - _ - ] ~ 1015 o C . in Bizs AusAu, Da
S, (L AOHAD (5255 GV 0-40% 1Y s - N i e, Dt
(@] E HADES WOI‘k n pl’Ogl‘eSS E :_ .‘ » = HBT resid.corr., Sim._
1.35F* data 3 1.01 o P
- total fit o, mapping J E T 'J|.+
1.3F---- total fit extrapolation Resolution corr — - .
= --- 1 peak fit Purit . e : f
1.25(=— gaussian fit et 2 = 5o
— gaussian, fit fit range: 17-250 MeV/c B - " oy
— — - I [V
1.2 ] i S by " %
E E :— | ]I'I I'?.‘ 1 JlIII .. |
115 = 0.995 - -'¢iLT++'L+’..f+I++ ¥ ‘:‘: t :.I | +
g = e ’ : ki l_ﬂ'"- "ll'. a7 sl
1.4 = - Ty T TTRRTRY LY
r 7 C s T
- ] 008 L Lol C PR N TN S TN S NS S SRS AN SO ST ST SR T SO ST SN NN |
1.05F 7 ° 0.05 01 015 0.2 (G"j; 0 0.05 0.1 0.15 0.2 0.250 (GBE)S
. I | Qinw e il
o . E FIG. 1. Correlation functions for photons, produced by pions for Source: Bose_EinSIEir! (_:orrelations Of diFEwa
1‘_“" 7 |";"I N e I'T'_ three radii R,.,,U of the pion correlatio_n function: 4 fm (solid line), 5 pho‘[{)ns in Au+Au CO”lSl(}nS at SNN‘JZOG GEV'
0 50 100 150 200 250 300 fm (dashed fine). and 7 fn (doteed fine) _ D.Peressounko (for the PHENIX Collaboration),
q_ [MeV/c] Source: Hanbury Brown—Twiss Int.J.Mod.Phys.E16:2235-2240,2007
interferometry of direct photons in
heavy ion collisions
. + _
Ri [fm]-2 4.59 +0.42 +0.45 - 0.39 D. Peressounko, PHYSICAL
A1(-102): 2.85+0.28 +0.96 - 1.23 REVIEW C 67, 014905 (2003)

R.[fm]:  1.55+0.13 + 0.03 - 0.00
A2 (-102): 1.04 £0.22 + 0.21 - 0.22
bo[MeV]: 1.35-102 + 0.04 + 0.16 - 0.22

Ono[MeV]: 1.55:10*+0.06 + 0.14 — 0.19



Other experiment results

Jd 1 100 < Ky < 200 MeV /e o
1.004 | +T'? = s L
Yoy
1002 - 4 1 6 [
; A
- .
1L ¥ e 4 ¢ 5 \
7T o ++*+'+°+++ ty o fnﬁ? {
. Pt ’f# | 4
g 200 < K, < 300 MeV/c 50
1004 L |+ 4 ) & gl
1002 - ¢ ' 55 - ]
SR d S I 3
1 w - J_ 1
++ ! 4 F
0998 . Hhﬁ””a”, . [ T — NG SRR —— -
: % i e ‘fnn\? IMEWE]S ! 2 = Ky < 200 MeVie 200 < K, < 300 MeVie

Interferometry of Direct Photons in Central 208Pb 208Fb Collisions at 15684 GeV, Aggarwal,
M. M., Physical Review Letters, 93(2). doi:10.1103/physreviett.93.022301
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Direct photon production and HBT correlations in Pb—Pb collisions at + sMNM = 5.02 TeV
with ALICE experiment, Meike Charlotte Danisch on behalf of the ALICE Collaboration,
Acta Physica Polonica B Proceedings Supplerment
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