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Motivation

e Use Bose Einstein effect
for identical particles to
measure source sizes.
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Use Bose Einstein effect
for identical particles to
measure source sizes.

Two particle correlations:

Cn(Q) =1+ re R

Detector

e In experiment:

Particle

o f(Pl;PZ) Source
CorlQ) = F o) (o)

Other correlations?

Nicolas Bock (OSU) EMC effects on Qinv CF WPCF2010 4 /18



Motivation

18 M=<6 7=M=<11 M=12
=" 1.6} * experiment 3 e
o 1.4 ¢ © simulation ¥ 12
1.2 —F\ N ,ﬂg
1.0 Pos gy B
—_ o8
g‘ 1.6 } 3 | §
17
e In ALICE we have measured 14 v\‘ L\\‘ : 15
) o
.. 10 PN £
HBT radii. e
= 16 2
< 1.4 <
1.2 . a
1.0 s .~ o
—_ 08 &
=" 16 + -
° 1.4 + %
1.2 S
1.0 2 ; } 2
—_ o8 =~
= 16
© ia 1=
ary =
12 o 15
1.0 03 | {a
0.8 o

"0 02040608 0 02040608 0 0.20.40.60.8 1
q., (GeV/c) Q. (GeV/c) q., (GeV/c)

Figure: Alice: PhysRevD.82.052001

Nicolas Bock (OSU) EMC effects on Qinv CF WPCF2010




Motivation

. 18 M<6 7=M=11 M=12
g 1ol : amume t 2
i S _L\s.. e B
—: 0.8} -
= 1.6 2 2
e In ALICE we have measured T s ’\- k\‘ ¢ &
HBT radii. e ey &
. . =" 1s o
e The two particle correlation S a L\ h\-‘ L\ s
1.2 - A
function binned in (k7) and 1o o &
multiplicity. g 1° t, &
1.2 "
1.0 o, % é

—_ 0.8

gg 1.6 -
1.4 1=
2 MM;{
1.0 03 | {a
0.8 =

"0 02040608 0 02040608 0 0.20.40.60.8 1
q., (GeV/c) Q. (GeV/c) q., (GeV/c)

Figure: Alice: PhysRevD.82.052001

Nicolas Bock (OSU) EMC effects on Qinv CF WPCF2010




Motivation

18 M<6 7=M=11 M=12
g 1ol : amume - t 2
] B e &
—: 0.8} -
= 1.6 2 2
e In ALICE we have measured T s \\‘ k\‘ ¢ &
HBT radii. e ey &
. . =" 1s o
e The two particle correlation S a L\ h\. L\ 3
1.2 - A
function binned in (k7) and 1o o &
multiplicity. g 1° t, &
. . 1.2 X
e The source is not Gaussian. 10 S :ﬁkm 8
—_ 08
5’—; 16 I
1.4 B ;
:i >‘£ i MM‘Q
0.8 =

"0 02040608 0 02040608 0 0.20.40.60.8 1
q., (GeV/c) Q. (GeV/c) q., (GeV/c)

Figure: Alice: PhysRevD.82.052001

Nicolas Bock (OSU) EMC effects on Qinv CF WPCF2010




Motivation

M <6 7=M=11 M=12
—~. 1.8
g 1ok, s ommen I 2
—z 0.8} o
= 1.6 2 2
e In ALICE we have measured T s \\‘ k\‘ ¢ &
HBT radii. e e &
X i = 16 o
e The two particle correlation S i L\ h\‘ L\ s
1.2 - A
function binned in (k7) and e hoel &
multiplicity. g ° t, g
. - 1.2 >~
e The source is not Gaussian. 10 S :ﬁkm 8
—_ 08
. . == 16 -
e There is an underlying s 0 : b=
event. o b ¥a h’b«—.{;
0.8 i

"0 02040608 0 02040608 0 0.20.40.60.8 1
q., (GeV/c) Q. (GeV/c) q., (GeV/c)

Figure: Alice: PhysRevD.82.052001

Nicolas Bock (OSU) EMC effects on Qinv CF WPCF2010




Motivation

o 18 T
r ALICE Performance b
e The correlation function at 16 @ Al .
higher Q. , u M
147y B At VEE0'9 TEV i 2009 ‘ ‘ (13
Jn = ppat \5=0.9 TeV from 2010 { ‘ b
1_27 % p-at\s=7-Te | A"\ Il
L ¢€# #L *IT +
§ M i1
1_ T i (RN
o.e: :
0.5 1 1.5 2 25

q (GeVic)

Figure: Two pion correlation functions.

Nicolas Bock (OSU) EMC effects on Qinv CF WPCF2010 6 /18



o 18 T
r ALICE Performance 1
e The correlation function at 16 @ Al .
higher Q. j M
g Q 1.4_;: B at YEE0'9 TV foii 2009 ‘“ ‘ i
e Long range correlations [+ pparve0sTevirom 2010 0 ‘ ]
1.2—+# p-at-Afs=7-Te'

clearly visible in pp at 900 r

~ i
GeV and 7 TeV. 1 M 4 1 ]

0.8

0.5 1 15 2 25
q (GeVic)

Figure: Two pion correlation functions.

Nicolas Bock (OSU) EMC effects on Qinv CF WPCF2010 6 /18



Motivation

o 18 T
N ALICE Performance ]
e The correlation function at 16 @ Al .
higher Q. j M
g (S Q 1.4_;: 7 ppat §20°9 T8V froimi 2009 ‘“ “ ]
e Long range correlations 4 ppars=09TeViom 2010 U ‘ i
.. . 1.2—+# p-at-Afs=7-Te'
clearly visible in pp at 900 r 'Tm #Il ‘jT f
r i -
GeV and 7 TeV. 1 M g e
e Main source of long range 08l 1
correlations is energy 05 1 75 7 25

) q (GeVic)
momentum conservation.

Figure: Two pion correlation functions.

Nicolas Bock (OSU) EMC effects on Qinv CF WPCF2010 6 /18



Motivation

1.6 [ T T T T ]

14 ]

e R;,, obtained with three 1
12 -

methods. B ]
i 7

g f ]

= 08 T 7

o 4

06| ]

04l 3

| e phojet baseline ]

= pythia baseline i

021 & flat baseline 7

oL i | Il | ]

o 0.2 0.4 0.6 0.8 1

<k,> (GeV/c)

Figure: PhysRevD.82.052001

Nicolas Bock (OSU) EMC effects on Qinv CF WPCF2010 7/18



Motivation

1.6 [ T T T T ]

;

* Rj,, obtained with three LE ]
methods. i ]

. . 1 -

e The choice of baseline B & 1
= i ]

affects the measurement of = or by .
Rinv . o6l .
04l .

| e phojet baseline ]

= pythia baseline i

021~ & fiatbaseline ]

oL 1 L 1 L ]

() 0.2 0.4 0.6 0.8 1

<k,> (GeV/c)

Figure: PhysRevD.82.052001

Nicolas Bock (OSU) EMC effects on Qinv CF WPCF2010 7 /18



1.6 [ T T T T
14 } —
e R;,, obtained with three LE ]
methods. f
. . 1 -
e The choice of baseline = |
affects the measurement of = o°F N E
Rinv - osl- ]
e Understand the shape of oal 1
the baseline from first e baceling ]
. e 021~ » flat baseline ]
principles.
oL 1 ! 1 !
() 0.2 0.4 0.6 0.8 1

<k,> (GeV/c)

Figure: PhysRevD.82.052001

Nicolas Bock (OSU) EMC effects on Qinv CF WPCF2010 7 /18



Energy-Momentum Conservation Induced
Correlations (EMCICs)
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EMCICs

e Assuming particles are only correlated by energy-momentum
conservation, one finds (Chajecki and Lisa Phys.Rev.C78:064903):

C(P17P2) =1- +

1 (. P,T PoT
(2 @ () - (EP

1 prepoe (- (E))(E — (E))
N\" (p7)
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conservation, one finds (Chajecki and Lisa Phys.Rev.C78:064903):

+

1 (. P,T PoT
(2 @ () - (EP

C(p1,p2) =1— N <pgl_> Plz: P2z (E1 — (EY)(Es — <E>)>

e This would characterize EMCICs, but we cannot measure N, <p2T)
(p2), (E?), (E).

Nicolas Bock (OSU) EMC effects on Qinv CF WPCF2010 9 /18



EMCICs

e Assuming particles are only correlated by energy-momentum
conservation, one finds (Chajecki and Lisa Phys.Rev.C78:064903):

N (P7) (p2) (E?) — (E)?

e This would characterize EMCICs, but we cannot measure N, <p2T)
(p2), (E?), (E).
e Instead,use this equation as a fit to the data.

C(p17,02) —1_ 1 <2ﬁl,T : 52,7' + Pi,z " P2,z + (El — <E>)(E2 _ <E>)>
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EMCICs

e The parameterization of the EMCICs becomes:

Cemcic(p1, p2) = (1 — My - {p1,7- P17} — M2 {p1z- P2z}

. _ M?
M3'{51'52}+M4'{E1+E2}M‘;>

where {x1 - xo} are two particle quantities.
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. _ M?
M3'{51'52}+M4'{E1+E2}M‘;>

where {x1 - xo} are two particle quantities.

e The M parameters are defined as:
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EMCICs

e Using an additional equation:

(E?) = (p7) + (p2) + m’
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EMCICs

e Using an additional equation:

(E?) = (p7) + (p2) + m’

e The physical quantities can be calculated and as consistency check:

_ Mgt -omt -yt

N
m2 — (My/Ms)?
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EMCICs

e Using an additional equation:

(E?) = (p7) + (p2) + m’

e The physical quantities can be calculated and as consistency check:

_ Myt oMt - Myt
m2 — (Mg /Ms)?

N

e When femtoscopic effects are present, the total correlation function is:

C(Q) = Premto( Q) x Cemcic(Q)
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Fitting the baseline of the two particle correlation
function with EMCICs
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Monte Carlo simulation

MC from ALICE production
Pythiab Perugia-0 tune

Collision system : pp 900GeV
Magnetic Field: 0.5T
e ~ 10M events
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. . Data Analysis
Monte Carlo simulation y

e Two pion correlations obtained
with ALICE's AliFemto code.

Collisi 900CeV Two track cuts applied.
ollision system : pp e e 01<pr<12GeV.

Magnetic Field: 0.5T Four k+ bins
.
¢ ~ 10M events (0.1,0.25,0.4,0.55,1.0).

MC from ALICE production
Pythiab Perugia-0 tune
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The different EMCIC components
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The different EMCIC components
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Fitting the baseline of the Q;,, CF with EMCICs

Entries 134955
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Fitting the baseline of the Q;,, CF with EMCICs
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Fitting the baseline of the Q;,, CF with EMCICs
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Fitting the baseline with EMCICs in 4 kt bins
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Summary
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e This preliminary research shows that long range effects due to
energy-momentum conservation can be quantified.
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e This preliminary research shows that long range effects due to
energy-momentum conservation can be quantified.

e The EMCIC method is capable of describing the baseline.
Future Work:

o Apply this method to study multiplicity and k1 dependence of the
Riny in ALICE .

e Use EMCICs to study the 3D radii in Qout, Qside; Qlong and in
spherical harmonics.

Thank you.
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