ma lisa - Radial Flow in p+p Collisions - Workshop on Flow & Dissipation - Trento, Italy - 15 Sept 2009
Wednesday, September 16, 2009




ma lisa - Radial Flow in p+p Collisions - Workshop on Flow & Dissipation - Trento, Italy - 15 Sept 2009
Wednesday, September 16, 2009




ma lisa - Radial Flow in p+p Collisions - Workshop on Flow & Dissipation - Trento, Italy - 15 Sept 2009

Wednesday, September 16, 2009



Outline

* What is the importance of flow (what does it tell us)?

* What are the signals of radial flow at RHIC?

» 2-particle correlations in p+p collisions at RHIC
—femtoscopic & phasespace-induced

 Single-particle spectra at RHIC. Effects of phasespace constraints
e Think similar to H.I.C.

—flow “revealed”?
—other similarities: yields, “proton anomoly,” <pT> vs Nch vs mass

* Panta Rhei?
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paradigms

p+p: a process ©:> j @
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paradigms

A+A - a system
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p+p: a process > e
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paradigms

A+A - a system

“Clean” p+p—a crucial reference at high pT
(do we understand/care about low pT?) // o

p+p: a process - é/
(J
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H.I.C. — a system

bulk physics
. D boiling

e superfluids r )/ point

e superconductors |

e metal/insulator

.
Liquid Vapor:

Pressure (mm Hg)

Only for large system

- can’t melt one H,0 molecule! 4.58 mm vt
Triple point

0° 0.01°

Temperature (°C)
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H.I.C. — a system

FLOW: most direct proof of

existence of system
&
probe of its response

bulk physics Normal
c boiling
e superfluids Y it

e superconductors

e metal/insulator

Liquid Vapor:

Pressure (mm |

Only for large system

- can’t melt one H,0 molecule! 4.58 mm conish
Triple point

0° 0.01°
Temperature (°C)
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Explosive flow revealed through specific
fingerprints on soft-sector observables

PHENIX 0-20%

[ T TTTT

calculable in hydrodynamics or toy “blast
wave” models

—h
o

T IlIIIIl

Spectra

dN/dp fp 2N (c/GeVY

(=]
-

PHENIX 0-20%
——7+K

—a— proton

PHENIX 0-30%
== Fﬁ.ong F15

- l:“'Out

but the defining characteristic:
correlated position and boost direction
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Explosive flow revealed through specific
fingerprints on soft-sector observables

PHENIX 0-20%

calculable in hydrodynamics or toy “blast
wave” models
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Spectra

dN/dp fp 2N (c/GeVY
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PHENIX 0-20%
——7+K

—a— proton

PHENIX 0-30%
== Fﬁ.ong F15

== ROut
== RSide F05

vadii (fm)
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Explosive flow revealed through specific
fingerprints on soft-sector observables

calculable in hydrodynamics or toy “blast
wave” models

200 GeV Au+Au RHIC

21
2K*
2K
2p
2K?
p-A
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Explosive flow revealed through specific
fingerprints on soft-sector observables

calculable in hydrodynamics or toy “blast Calculations
A% —— Blast wave

wave” models RQMD _
R RQMD no rescattering

0.05
k* (GeV/c)
STAR PRL 91 262301 (2003
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Explosive flow revealed through specific
fingerprints on soft-sector observables

calculable in hydrodynamics or toy “blast
wave” models

Calculations
—— Blast wave

RQMD

ATH-K  omt-K*
on -K* on-K

0.05
k* (GeV/c)
STAR PRL 91 262301 (2003

space-momentum substructure
mapped in detail
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Obtaining 3D radii from 3D correlation functions

/ Au+Au: central coIIisions\

1.15- C(Qout)
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= fit to exp. CF
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3
C(a)=N -[l+7t - (Kcoul(ﬁ) - {1+ e‘<qu§+qu§+q'2F*)} _ 1)J

typical “Gaussian” fitting function

J

e Au+Au: “Gaussian” radii capture bulk scales
* (resonance tails from imaging)

* R(p;) consistent with explosive flow

PHENIX 0-30%

== Fﬁ.ong 1.5

- l:§Out

== RSide F05
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Obtaining 3D radii from 3D correlation functions

a )
/ Au+Au: central coIIisions\ C(g)=N -i}+ A- (Kcoul (q)- {1+ e_(qozR"2+qS2RS2+QI2RIZ)} _ 1)J

115 C(Qg,,)

™ \_ typical “Gaussian” fitting function )
1.05-
1 e Au+Au: “Gaussian” radii capture bulk scales
0.95 * (resonance tails from imaging)
1.15- C(Qside) A experimental CF

* R(p;) consistent with explosive flow

= fit to exp. CF

0.95 1/ Rsioe
1.15\- - ' '
n C(Qe) PHENIX 0-30%
== Fﬁ.ong 1.5
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Obtaining 3D radii from 3D correlation functions

a )
/ Au+Au: central coIIisions\ C(g)=N -i}+7t - (Kcoul(é') : {1+e_(%ZROZ’LqSZRSz’LQIZRIZ)}_l)J

115 C(Qg,,)

™ \_ typical “Gaussian” fitting function )
1.05-
1 e Au+Au: “Gaussian” radii capture bulk scales
0.95 * (resonance tails from imaging)
1.15- C(Qside) A experimental CF

* R(p;) consistent with explosive flow

= fit to exp. CF

“set of zero measure”

1 /R - of full 3D correlation fctn
095 1/Rgpe
1.151 - : -
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Spherical harmonic representation of 3D data

P, Qone Q

©
\
\/

QSIDE

= de-T(e,qb) Y,,,(6.9)
g A (0) = 2222 3r (6.0

Z. Chajeckl é( MAL, PRC 78 064903 (2008)

,COs 0, ,gbl.)

(average over m <> no “special” direction)
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Spherical harmonic representation of 3D data

/ Au+Au: central coIIisions\
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Spherical harmonic representation of 3D data
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Au+Au: central coIIisions\
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Spherical harmonic representation of 3D data

/ d+Au peripheral collisions \

3 c(Q,,)

1.2

1.1-

1

..........................

1.3

1.2

A experimental CF

— fit to exp. CF

7

1.1

1

1.3
1.2

05

osl

[GeV/c]

» 0.01
1.5
1.4 AT: 0-00 #—
13 L 0.01,
1.2 -0.02- S .}'}
1.1 003 4 }
1.0 I A20
o A - A 1 A - A 1 A " A 1 -0'04_. S 1 A 1 A - 1
'3.0 0.2 04 _ 06 0.0 0.2 0.4 _ 0.6
1Q] [GeV/c] |Q| !GeV/c]
0.02-
0.01- : . pO
peripheral d+Au @ 200GeV 0 00"
k; «[0.15-0.60] GeVic 0‘ ;
-0.02]
A fit to the data i
-0.03F AR
_0 04— a4 a4 a4 a0
k 0.0 0.2 0.4_ 0.6
Q| [GeVic
bins _
A(0]) =252 ¢2 1 (6,:6,)C(0).c0s6,.0,)

Z. Chajeckl é( MAL, PRC 78 064903 (2008)

[

ma lisa - Radial Flow in p+p

=

For femtoscopic correlations :

C(g:lg

() = A%o(l =) =0

9

Wednesday, September 16, 2009




Spherical harmonic representation of 3D data
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ltke sign
shuffled like sign

B e
L ey (b) ﬂ%
3 =N '
+ hda Lf“‘*‘—n—w

08k ¢

D=l 03 05

q,(Gev)
FIG. 9. (a) Ryg using a reference sample of shuffled like-s:

pairs; the fitted curve is according to Eq. (20), and (b) the ra
of unlike-sign pairs to shuffled unlike-sign pairs.

CLEO PRD32 (1985) 2294
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Non-femto ,C';"Iations in B-E analysis throu‘e years:
. ’ :

Q

| Q,<0.04 GeV/c

NA22, Z. Phys. C71 (1996) 405

CLEO PRD32 (1985) 2294 -
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Non-femto ¢'5‘Iations in B-E analysis throu‘e years:

&

17 17
1.6 © 16
15 15
14 1.4
13 13
12 12
- %, .
1 [ = = gttty =
09 | 4 09

08 ~ 0.8
X 0.7 R 0.7
0 02505075 1 0 025 05 075 1 0 02505 075 1

Qt__side (GeV) Ql (GeV) Qt__out (GeV)
Q,<0.2 GeV/c

Q  OPAL, CERN-PH-EP/2007-025
Wl (submitted to Eur. Phys. J. C.)

NA22, Z. Phys. C71 (1996) 405

CLEO PRD32 (1985) 2294 -
— Reyjew: Z. Ch., Acta Phys.Polon.B 40 1119 (2009)
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non-femto “large-Q” behaviour - various approaches

* ignore it
* various ad-hoc parameterizations
e divide by rt*rt (only semi-successful, and only semi-justified)

 divide by MonteCarlo PYTHIA, tuning until tail is matched (similar to ad-hoc)
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non-femto “large-Q” behaviour - various approaches

* ignore it
* various ad-hoc parameterizations
e divide by rt*rt (only semi-successful, and only semi-justified)

 divide by MonteCarlo PYTHIA, tuning until tail is matched (similar to ad-hoc)

e Can we understand it in terms of simplest-possible effect—
Energy and Momentum Conservation Induced Correlations (EMCICs)?
— Z. Chajecki & MAL, PRC 78 064903 (2008)
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non-femto “large-Q” behaviour - various approaches

* ignore it
* various ad-hoc parameterizations
e divide by rt*rt (only semi-successful, and only semi-justified)

 divide by MonteCarlo PYTHIA, tuning until tail is matched (similar to ad-hoc)

e Can we understand it in terms of simplest-possible effect—
Energy and Momentum Conservation Induced Correlations (EMCICs)?
— 7. Chajecki & MAL, PRC 78 064903 (2008)

* see also
— pT conservation effects on v1 (v2) [Danielewicz, Ollitrault & Borghini]
— pT conservation on 3-particle “conical emission” observables [Borghini]
— p and E conservation effects on single particle spectra [Chajecki & MAL]
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Phasespace constraints impt (@ low multiplicity

Phase-space constraints

Extreme case, N=3,
easily visible with Dalitz plot (k=2)

What about the effect for higher numbe
of particles?

10 —

25 (GeV?)
1

—
2
2

4;
I T

m

(B

T I T
- 2
- (m+m,)

!

A
| (m33),

5
( m,+ 1113)

1 l 1 1 1 1

———} ————— (M—ml)2

e

nax -

1

1 1 1 1 l 1 1 1 1
2 3 4
”7%2 (GCVZ)

Dalitz plot for a three-body final state.
PDG 2008
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Fermi/Hagedorn factorization (“Golden rule”)

Krobability for an n-particle final state:
Py o< |- chS

B N N
=5, [ [T18(p* = m*)d*p “[ZP ~pi- ]

: =

d4p’><54(2p — P pz)S(p{---pvapl,pz)
j=1

dynamics /

\\ kinematics

9
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Fermi/Hagedorn factorization (“Golden rule”)

Krobability for an n-particle final state: \

N
P, ocj jH(Sp -m’ d4p’><54(2p —p, - ) pr.. p]'v|p1,p2)

1

dynamics 7 [(pp — nrr) _ R,(1.876;7,7,m)

K kinematics [(pp — nnrrm) R4(1.876;7t,71',71',71')/
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Fermi/Hagedorn factorization (“Golden rule”)

Krobability for an n-particle final state: \
N
P, ocj JH(S d4p’x54[2p pl_pz)S(pl'...p]'vlpl,pz)
N
=5, |- JH5 ><54[2p§—p1—p2]

j=1
& 3

dynamics 7 [(pp — nrr) _ R,(1.876;7,7,m)
\\ kinematics [(pp — nnnw) R, (1.876;7m,7,7,7)

N

@gle-parﬁcle spectrum
N
W(p)d'p o d’p; |-+ [8(p;* = m*)dp, [ 18(p” —m®)d* p! x
i=2

N
54[2p; — P —pZ]S(pf---Pz'v |p1,p2)
j=1

=d’p;-S, (p])R:(P])

K R. Hagedorn, Relativistic Kinematics 1963/
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Consider correlations arising (only) from conservation laws
The k-particle distribution

~ dN Sin . “« ” . . .
£ gle-particle “parent” distribution
f(p)=2E,

d3 w/o P.S. restriction
i

what we —
measure \

I1.7 (p,-))

D, D)=

no other
correlations

\_ 4
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Consider correlations arising (only) from conservation laws
The k-particle distribution

7 £ dN single-particle “parent” distribution
f(pi R id3p w/o P.S. restriction

i

what we — \
S J(TT,. d*pdcp: - m )f(p.>)5“( p; - P]
H__ f(p)|-

j(H. d*ps(p; —m, )f(p))&“(ipl p]

=1

no other
correlations

\_ 4
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Consider correlations arising (only) from conservation laws
The k-particle distribution

7 £ dN single-particle “parent” distribution
f(pi R i d3p w/o P.S. restriction

what we —

\ a2 T p,5<pl—m>f<pl>)6“(ip, }
ﬁ(pl’mynilf(pl)) JUIT: 1d4p,5(pl—m)f(1?,))54(11p, pj
— | (St

(Hl ) )(N k) exp| =D ,_12(N_k)62

\ CLT - for: (N —k)>~10, E<~3(E)/
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k-particle distribution in N-particle system

4 /

fc(pl’“"pk) = (Hflf(p,))(i_jz exp —23‘ [ =1

N -k

where:

o, :<pﬁ2l>_<p“>2

(p,)=0 for p=12,3

<

. [

—Danielewicz et al, PRC38 120 (1988)
—Borghini, Dinh, & Ollitraut PRC62 034902 (2000)
—Borghini Eur. Phys. J. C30:381-385, (2003)

—Chajecki & MAL, PRC 78 064903 (2008)
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N-k=1 is not “large”

Dalitz plot for 3-particle system:
N=3, k=2

J(TT,.d pocp; —m?>f<pi>)54(_Nzl 5 —p]

calculated numerically by GENBOD* MC

* F. James, CERN 1964
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pions (pl) =0.159 (E*) =0496 (E) =0.667

GENBOD calculation

Black area is uniformly filled
in. Outside of that area has
zero counts
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Overlaid

EM@ICEBalfar Three Body Decay =

0 0.5

4

m?"2

I120

100

80

60

40

20

| actually didn’t expect such good agreement in the N=3 case, especially on a

Dalitz plot which has the sharpest possible behaviour.
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Effects on single-particle distribution

[

N-1 C2(N-1)

(P2} (p2) (P1) (E

\.

. N N 2 1 24 2 2 £ _(E )
fc<p,.>=f<p,->(—j exp [P By P, (E=(E)

1-particle PS effect

We will return to this....

10*
102
1

N/dE

D 4102
;10-4

P

FAET T T Th e glo glaglo gl

10

Sl
10%;

Z.Chajecki, MAL, PRC 79 034908 (2009)
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k-particle correlation function

-

. (P o)
C(Pys-» P = ~
P J.(p)-f.(py)
ol ) (S (S (B -w)
R R R G RN G T,
(N § M. T . o e
(N—l eXp( 2(N—1)§(<p§>+<pj>+<p§>+<E2 —(EY
Dependence on “parent” distrib f vanishes,
K except for energy/momentum means and RMS /

2-particle correlation function (15t term 1 1/N expansion)

1 ﬁTl.ﬁTZ pzl.pz2 (E1_<E>)(E2_<E>)
C(p,p)=1—-—| 2— N T T 2 2
N () () (E?)—(E)

%
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k-particle correlation function

s -fc(pl """ Pi)
AP P 0). %5,
o 5 W) +(Zf:1py,,-) +(Zkzlpz) (X (B ~(E))
B e I T R R R =T
Y )Zk R @2 0l il (B
(- ex"[ 2<N_1)§(<p2>+<p5>+<p;>+<E2 (Y
Dependence on “parent” distrib f vanishes,
\ except for energy/momentum means and RMS /

2-particle correlation function (15t term 1 1/N expansion)

1 ﬁTl.l_))TZ pzl.pz2 (E1_<E>)(E2_<E>)
C(p,p)=1—-—| 2— N T T 2 2
N () (D) (E?)—(E)

%

for v2: Danielewicz (84), Ollitrault, Borghini (2000)
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k-particle correlation function

-

Dependence on “parent” distrib f vanishes,
\ except for energy/momentum means and RMS

];c(pv'"’pk)
CPonPdt £ 3 F 00
gk Do 0l D b nter e
:%}W((& Anz(N k> f (r}) (p?) (B2) Y
4N & "# Prs_, P (£ (E)) &
¥y ( Pg 2(N 1)/ 1§f . + +<E2> (E) Z(E

2-particle correlation function (15t term 1 1/N expansion)

C(p,.p,) = 1_i 21_5T,1 '21_5T,2 n P.1° D> N (E1 —<E>)(E2 —<E>)
N (pr)

(7) (E*)-(EY

ma lisa - Radial Flow in p+p Collisions - Workshop on Flow & Dissipation - Trento, Italy - 15 Sept 2009
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How do EMCICs look ? — nontrivial !

Genbod N=18 <K>=0.9 GeV; PRF - |[n|<0.5

00 RE R‘F\
-0.04 2
A Ay '.I"*

L 1 Il L = 1 Il L

0.6 0.8
Q,, [Gevrc]

0.002
B  exp.CF @ first order - Pt component I;*&
0.00 “‘;;,;&l'
-0.002|;
. O first order - three components M first order - Pz component -0.004§ “‘}"ﬂ' _
O(1/N) term in | 0.00 ARé“-E-;-i?';
CLT approximation e 44 [
full calculations A first order - E component '0'010.0 05 0T X 55
Q,,, [GeVic]
CLT approximation o structure not confined to large Q
¢ kinematic cuts have strong effect [not shown]
ma lisa - Radial Flow in p+p Collisions - Workshop on Flow & Dissipation - Trento, Italy - 15 Sept 2009 22
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How do EMCICs look ? — nontrivial !

Detailed shape depends on:

N, (E), (E*), (p7). (P3) A }

0 0L 0505 5.2 04 06 03
Q. [GeVIc] Q. [GeVIc]
0.002
B  exp.CF @ first order - Pt component OOOOI*
s ‘:,.'.M
d -
O first order - three componghts M first order - Pz component -0.00 2
A0 ARE} illl i
-0.008 44 l,
full calculations A _ first order - E component -0.01¢! 01 016
Q. [GeVIc]
C( )=1 1 0 Pri Prp i P.i P i (E B <E>)(E2 — <E>)
p 1 ’p 2/ = N 2 2 E2 E 2
pT pz _< >
[ | 23
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“the system”... a nontrivial concept
4 ™

N (E)(E). (). (22)

Characteristic scales of relevant system in

ma lisa - Radial Flow in p+p Collisions - Workshop on Flow & Dissipation - Trento, Italy - 15 Sept 2009

p |

which limited energy-momentum is shared ﬁ__
\. /
e Not known a priori ~

e should track measured quantities, but not be identical to them

24
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1

2.

“the system”... a nontrivial concept
4 )

N (E)(E). (). (22)

Characteristic scales of relevant system in

p |

which limited energy-momentum is shared ﬁ_—
NG /
e Not known a priori _w

e should track measured quantities, but not be identical to them .

. Nincludes all primary particles (including unmeasured y’s etc)

ma lisa - Radial Flow in p+p Collisions - Workshop on Flow & Dissipation - Trento, Italy - 15 Sept 2009

secondary decay (resonances, fragmentation) smears connection b/t <E?> and measured one
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“the system”... a nontrivial concept =

- \ y !

2 2 2
N (E). (E). (pi). (p2)
which limited energy-momentum is shared ﬁ__
\. / .
e Not known a priori Y

Characteristic scales of relevant system in
e should track measured quantities, but not be identical to them «

1. Nincludes all primary particles (including unmeasured y’s etc)

2. secondary decay (resonances, fragmentation) smears connection b/t <E>> and measured one

3. <E?> etc: averages of the parent distribution

(pp)=)d'ppr (o) #)dp-p- ()
s o 1

unmeasured measured
parent distrib

ma lisa - Radial Flow in p+p Collisions - Workshop on Flow & Dissipation - Trento, Italy - 15 Sept 2009 24
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“the system”... a nontrivial concept

N (B (52 (02)

Characteristic scales of relevant system in

.

which limited energy-momentum is shared

~

/

e Not known a priori

) b=
"% %__

e should track measured quantities, but not be identical to them b

1. Nincludes all primary particles (including unmeasured y’s etc)

2. secondary decay (resonances, fragmentation) smears connection b/t <E>> and measured one

3. <E?> etc: averages of the parent distribution

4. “relevant system” almost certainly not the “whole” (4m) system

e e.g. beam fragmentation probably not relevant to system emitting at midrapidity

e characteristic physical processes (strings etc): Ay ~ 1+2

e jets: “of the system” ??

e or just stealing energy from “the system?”

e if “relevant system” # “whole system”, then total energy-momentum will fluctuate e-by-e

ma lisa - Radial Flow in p+p Collisions - Workshop on Flow & Dissipation - Trento, Italy - 15 Sept 2009
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“the system”... a nontrivial concept
4 ™

N (E)(E). (). (22)

Characteristic scales of relevant system in
which limited energy-momentum is shared

. A

e Not known a priori
e should track measured quantities, but not be identical to them

e Treat as parameters: what to expect?

4 N )
Maxwell - Boltzmann parent o ~e =T
non-rel ultra-rel if T=.15+.35
(pt) [2mT 8T 0.045+0.98 (GeV/c)’
(E?) | LT +m’ 12T 0.10+1.5 GeV?
(E) |2T+m 3T 0.36—1 GeV

ma 1153 - Radial FTow Th p+p Collisions - VWOrkshop on FTow & Dissipation - Irento, Italy - I5 Sept 2009

Q__—r
-.K
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N (E)(E). (). (22)

Characteristic scales of relevant system in
which limited energy-momentum is shared

e Not known a priori

* Treat as parameters: what to expect?

“the system”... a nontrivial concept
4 )

. A

b
A= -'K—__w

e should track measured quantities, but not be identical to them

-

/
3
Maxwell - Boltzmann parent yE ~ o
p
non-rel ultra-rel if7=.15-
(pp) | 2mT 87" 0.045+0.4
(E?) | BT +m® 12T 0.10+15
(E) |3T+m 3T 036—1G

TABLE I: For a given selection on pseudorapidity M| < Mpax.
the number and kinematic variables for primary particles from a
PYTHIA simulation of p+ p collisons at \/syx = 200 GeV are given.
Units are GeV/c or (GeV/c)?, as appropriate.

maTisa - Radial Flow 1n p+p Collisions - Workshop on FIow & Dissipatie-

Nmax|  (N) (PF)e (p?). (E?), (E).
1.0 16 0.20 0.11 0.40 0.44
20 29 0.21 0.76 1.05 0.68
30 39 0.21 35 38 1.2
4.0 47 0.21 24 25 22
5.0 51 022 88 89 3.7

s

T

™
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“the system”... a nontrivial concept

N (E)(E). (). (22)

Characteristic scales of relevant system in
which limited energy-momentum is shar

.

e Not known a priori
e should track measured quantities, bu

-

Blastwave, T=100 MeV p,=0.9
(p}) =0240 GeV>  ((p,), =0405 GeV)

* Treat as parameters: what to expect?

- d°N Miail “&N) {prls (P2)c (E?), (E).
Maxwell - Boltzmann parent —— ~¢*/ [ 10| 16 0.20 0.1 040 | 044

d 20 29 0.21 0.76 1.05 0.68

30| 39 0.21 35 38 2

non-rel ultra-rel if 7=.151 [*9| % DAl 2, L o=

50| 51 0.22 88 89 3.7

(p) | 2mT 87" 0.045+0.
2 15 2 2 2 ) TABLE I: For a given selection on pseudorapidity [m| < Mpax.
<E > TT +m 12T 0.10+1.5 the number and kinematic variables for primary particles from a
'THIA simulati g ollisons at \/syn = 200 GeV are given.
E 3T+ m 3T 036—1 G PYTHIA simulation of p+p1u)llls0ns at \/SNA g
< > g Units are GeV/c or (GeV/c)=, as appropriate.

maTisa - Radial Flow 1n p+p Collisions - Workshop on FIow & Dissipatie. - ¥ =
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Femtoscopic correlations and EMCICs
(experimentalists’ recipe)

C(prop2)=Nom {14+ 4:[ K ., (@, )1+ exp(~R, 02, - K202 — R, 0L, )~ 1]} x

5 e T = M,)
|:1_2M1{p1,T 'pz,T}_Mz{pLz 'pz,z}_M3{El 'E2}+M4{El +E2}_ ( ]\44) ]
3
Z. Chajecki & MAL PRC 78 064903 (2008)

RZ

long °

- Five parameters found in any femtoscopic analysis: R. , R’ A, Norm

out ? side ?

« Four parameters related to underlying parent distribution (independent of k,!)

1 1
TN ENG)
L N <
: N(<E2> N <E>2) ' N(<E2> s (E)Z)
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Fits to p+p data (STAR @ QM0

9)

STAR preliminary
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Fits to p+p data (STAR @ OM09)

TAR preliminary
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TAR preliminary

Fits to p+p data (STAR @ OM09)
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TAR preliminary

Fits to p+p data (STAR @ OM09)
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Fits to p+p data (STAR @ QM0

9)

STAR preliminary
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“HBT radii” in p+p (STAR@QOM09)

( | | | I \
—_ 1 - A pt+p @ 200 GeV - standard fit
é I
5 ¥ :
e | X STAR prelim. QM09
0.8 ¥ -
I ¥ | X p+p@200GeV - EMCIC fit
L
0.6, ! ! | ]
| | I I T T T
| I ¥ |
I ¥ X 11.5
E | ¥ . ¥ | &
G —
= 0.8 = =4
m‘n | ¥ * _1 I§l
_ ¥ 1
0.6 ] | ] 11 | | ]
0.2 0.3 0.4 0.5 0.2 0.3 0.4 0.5
m, [GeV/c?] m, [GeV/c?]
ma lisa - Radial Flow in p+p Collisions - Workshop on Flow & Dissipa.\ })

p+p and A+A measured in same expt,
same acceptance, same techniques
eunique opportunity to compare physics
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c.f. Z. Chajecki arXiv:0901.4078 [nucl-ex]

ma lisa - Radial Flow in p+p Collisions - Workshop on Flow & Dissipa

“HBT radii” in p+p (STAR@QOM09)

)

R (fm)

0 0.s

\hep-ph/OlOSl94

Z° decay @ LEP

— At = 2.1x10%*sec |

--- At = 1.0x10**sec -

DELPHI

A LEP averuge

@ DFAL jprelim. i

p+p and A+A measured in same expt,
same acceptance, same techniques
eunique opportunity to compare physics

R, [fm]

R [fm]

0.6_|

1

| ¥

STAR prelim. QM09

p+p @ 200 GeV - standard fit

p+p @ 200 GeV - EMCIC fit

0.6

1.5

«

[wy] "y

03 04
m, [GeV/c?]

0.5 0.2

03 04 05
m, [GeV/c?]
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1. Heisenberg uncertainty?
7/ Vdocav@IlEP  \

2. String fragmentation? (Lund)
| - |, | |

3. Resonance effects?

n UXT0Sec
4. Flow???
||
e |ncreasingly [ b
—_ 1 X AN p+p @200 GeV - standard fit
C £ |
< SuggeSted 1N H EP E j X ¥ | STAR prelim. QM09
e . 0.8 x ¥
= i | + eV - i
5 experlments X : | % b+ @200 Gev -EMCIC fit
(=) 1
§ 06 | 0.6 | | | . . .
3 05t % A ' X _
> T X o
>é 04 . p A - N { ¥ -1.5
[ - X 1 ]
i~ 03 .E. i * . i .—;U
9 0.2 T 1 =0 8- X i j '§'..
é“ 0.1 *2 A ¥ ¥ 1 =
N- u ¢ I'.A,‘ ."l’. 7 I l'.A,‘ 7 ] * ': ]
« 0 0.5 1 1.5 1
o [ ] 1 ] | ] ] ]
\hep-ph/0108194 m, m; (GeV) / 0'60.2 03 04 05 02 03 04 05
m, [GeV/c?] m, [GeV/c?]
ma lisa - Radial Flow in p+p Collisions - Workshop on Flow & Dissipah\ })

p+p and A+A measured in same expt,
same acceptance, same techniques

“HBT radii” in p+p (STAR@OM09)

eunique opportunity to compare physics
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1. Heisenberg uncertainty?
7/ Vdocav@IlEP N

2. String fragmentation? (Lund)
UK MOl RIEPXALILIFEI

3. Resonance effects?

@ I~ (IFIIFTIIIFIINL =
4. Flow???
O - Y

\VAYVAR R IO JNRP_EREM

Zbigniew Chajecki QMO05

femtoscopy in p+p @ STAR

p+p and A+A measured in same experiment, same
acceptance, same technigues
eunigue opportunity to compare physics
ewhat causes p;-dependence in p+p?

e |ncreasingly

suggested in @ l b ;
Sl ¥y I v s T

recent 1 bl i
experiments ; Te

UIIITICTIIL TlITUuL E 7l .
J -
@

t h a n fO r A U +A U E§TAR preliminary

Su/%y

—

Moriond 2000] \ " tcel

0.2

03 04 o35 °8
m; (GeV)

ma lisa - Radial Flow in p+p Collisions - Workshop on Flow & Dissipation - Trento, Italy - 15 Sept 2009
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Zbigniew Chajecki QMO05

femtoscopy in p+p @ STAR

1. Heisenberg uncertainty?
7 /Udocay @ lED N

2. String fragmentation? (Lund) p+p and A+A measured in same experiment, same

L .
e acceptance, same techniques
3. Resonance effects?

@ 11+ (IFILIFIILIFT Il - eunigque opportunity to compare physics

4. Flow??? ewhat causes p;-dependence in p+p?
O R Y UVIRIIRITLAINLD

GAUSSIAN DIMENSION vs MOMENTUM

e |[ncreasingly o

]

o 128 - + ®RADIUS R _-

SuggESted In ,E E 1003— § { OLIFETIME 7 .
10 i,

rece nt g 0.50 ~ % é é .,
expe ri m e ntS o..oo | PPSPRNTTN | SSUNPRIE yosrw] I .L..Aﬂ_.,l_.%__;.‘_‘_._jz

0 0.5 1
Prn [GeV/c)

CATITITCOCT CITIULU CIlIIC UL

FIG. 9. Interaction “radius” and lifetime as a function of the
total momentum P, of the pion pair. R is primarily a source
dimension along the beam direction. 7 might possibly be inter-
preted as a source dimension transverse to the beam. Data are
from Table III.

E735 Collaboration, PRD48 1931 (1993)

also PLB 2002
consistent with an expanding shell model.

R. [fml

than for Au+Au
Moriond 2000]

ma lisa - Radial Flow in p+p Collisions - Workshop on Flow & Dissipation - Tr€
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NA22 Collaboration Z. Phys. C 71, 405—-414 (1996)
(hadron-hadron collisions)

[based on shape of C(q)...]

Our data do not confirm the expectation from the
string type model... A good description of our
data is, however, achieved in the framework of
the model.

GAUSSIAN DIMENSION vs MOMENTUM

> ® RADIUS R
LIFETIME 7

0 0.5
P [GeV/c)

FIG. 9. Interaction “radius” and lifetime as a function of the
total momentum P, of the pion pair. R is primarily a source
dimension along the beam direction. 7 might possibly be inter-
preted as a source dimension transverse to the beam. Data are
from Table III.

E735 Collaboration, PRD48 1931 (1993)
also PLB 2002
consistent with an expanding shell model.
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NA22 Collaboration Z. Phys. C 71, 405—-414 (1996)
(hadron-hadron collisions)

[based on shape of C(q)...]
Our data do not confirm the expectation from the

string type model... A good description of our

data is, however, achieved in the framework of
the model.

1¢e as a function of the
is primarily a source
ght possibly be inter-
)y the beam. Data are

1931 (1993)

g shell model.

\
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pion source is not static, but rather
expands during the particle emission process

ime as a function of the
; 18 primarily a source
ight possibly be inter-
o the beam. Data are

... and suggests the existence of an important “collective flow”, even in the
system of particles produced in e+e— annihilation!

1931 (1993)
A 1/Vm T scaling first observed in heavy-ion collisions is now also observed in

\\Z fragmentation and may suggest a “transverse flow” even there! ng shell model.
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RHIC: “comparison machine”
Vary size. All else fixed. [acceptance, technique...]
e spectra

e femtoscopy

compare with a system we “know” is flowing

32
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RHIC: “comparison m:
Vary size. All else fixe
e spectra

e femtoscopy

compare with a systel

dN/dp fp 2N (c/GeVY
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rvadii (fm)
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7+ K

—a— proton

HBT
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Apples:apples comparison...

Z. Chajecki, QMO05

(AuAu, CuCu, dAu) HBT

radii by pp
R(p;) taken as strong space-time o ' ' T ] @ Au+Au (0-5%)/ p+p
evidence of flow in Au+Au k) :‘"i """ I {'"'";"'— ¥ Au+Au (50-80%) / p+p
8o : °
e clear, quantitative consistency o [ ;
. v | ] Cu+Cu (0-10%) / p+p
predictions of BlastWave 4l # ¥ ¥ $
I ] d+Au (0-20%) / p+p
] \ ! ol o
“Identical” signal seen in p+p R o ~1 v dvau(40-100%) [ prp
e cannot be of “identical” origin? gl i i — ' ' s
(other than we “know it cannot”...) [ [ '
i o |
6. o . P 16
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<4 g alys
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¥
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P L G P - e s M et ¥
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pp, dAu, CuCu - STAR preliminary
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“Identic

e cannot
(other

R(p;) taken as strong space-time
evidence of flow in Au+Au

e clear, quantitative consistency
predictions of BlastWave

Apples:apples comparison...

ma lisa - Radial Flow in p+p Collisions - Workshop on Flow & Dissipa

Z. Chajecki, QMO05

(AuAu, CuCu, dAu) HBT

Femtoscopy is the most direct probe of explosive radial flow 8

Do p+p collisions flow as much as A+A collisions??? i

radii by pp

® Au+Au (0-5%) / p+p
¥  Au+Au (50-80%) / p+p

4 Cu+Cu (0-10%) / p+p

|

L3

7 | ©

] A A ::

N N _2

»----- v------ v------ e e ST B
02 03 04 05 02 03 04 05

m, [GeVIcZ] m, [GeVIc’]

pp, dAu, CuCu - STAR preliminary
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Don’t forget - EMCICs even for k=1

measured

k/ 2 2
2p; . 2 E —(E
fup)= f(p,( Al jeXp _ 1_ Pri, P , (B~ (E))

SN—

”matn&ement “distortion” of single-particle spectra

NE (B () ()

Characteristic scales of relevant system in
which limited energy-momentum is shared

s
[t
£
S 1 el
/ :
]
o
1

Z.Chajecki, MAL, PRC 79 034908 (2009)
ma lisa - Radial Flow in p+p Collisions - Workshop on Flow & Dissipation - Trento, [taly - 15 Sept 2009
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What if the only difference between p+p and A+A collisions was N?

same f(p), <pT
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EMCICs even for k=1

measured

X e .. (e
k . (0= f(p,( A jexp[_ L (Pg,z+pz§+(l (E))

2(N=D{ (Ps
(/—_/ ~— . P o

“matri &ement “distortion” of single-particle spectra

What if the only difference between p+p and A+A collisions was N?

same f(p) , <p§> AE), <E2>
Then we would measure:

7 (pra) 7 (Nan! )ppf’ 1 B, (B (E)H

j) "oy
7 (pr)  #(V, T )N, P o[V, 1 )ei(p)  (E°)! (EY g
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Multiplicity evolution of spectra - p+p to A+A (soft sector)
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Multiplicity evolution of spectra - p+p to A+A (soft sector)
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Multiplicity evolution of spectra - p+p to A+A (soft sector)
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Event selection N {p%{jz» [(GeV/c)*]|(E?) [GeV?]|{E) [GeV]
p -+ p min-bias | 10.3 0.12 043 0.61
Au+Au 70-80% | 15.2 & s o

Cc

fo(p.p+p)/f (P, AutAu)

T

IMPT: What changes with multiplicity...?

 STAR Au+Au @ 200 GeV
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IMPT: What changes with multiplicity...?

Event selection N {p%{jz» [(GeV/c)*]|(E?) [GeV?]|{E) [GeV] = 10"
p -+ p min-bias | 10.3 0.12 043 0.61 f B
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Event selection N [{ p% ) [(GeVic )]

(E2) [GeV?]

(E) [GeV]

p -+ p min-bias | 10.3
Au+ Au 70-80% | 15.
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Au+ Au 50-60% | 27.
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(%) (L]
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IMPT: What changes with multiplicity...?
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IMPT: What changes with multiplicity...?

Event selection N {p%‘:} [(GeV/c)*]|(E?) [GeV?]|{E) [GeV] =
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IMPT: What changes with multiplicity...?

Au+ Au 70-80% | 15.
Au+ Au 60-70% | 18.
Au+ Au 50-60% | 27.
Au+ Au 40-50% | 38.7
Au+ Au 30-40% | 67.6
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IMPT: What changes with multiplicity...?

Event selection N {p%‘:} [(GeV/c)*]|(E?) [GeV?]|{E) [GeV]
p -+ p min-bias | 10.3 0.12 043 0.61
Au+ Au 70-80% | 15.2 X = =

Au—+ Au 60-70% | 18.3

Au+ Au 50-60% | 27.3
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Au+ Au 30-40% | 67.6
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IMPT: What changes with multiplicity...?

Event selection N {p%.:j:» [(GeV/ic)*][{E?) [GeV?]|{E) [GeV] =
p -+ p min-bias | 10.3 0.12 0.43 0.61 f
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IMPT: What changes with multiplicity...?

Event selection N {p%‘:} [(GeV/c)*]|(E?) [GeV?]|{E) [GeV]
p -+ p min-bias | 10.3 0.12 043 0.61
Au+ Au 70-80% | 15.2 X = =

Au—+ Au 60-70% | 18.3

Au+ Au 50-60% | 27.3

Au+ Au 40-50% | 38.7

Au+ Au 30-40% | 67.6

Au+ Au 20-30%| 219

Au+ Au 10-20% | > 300
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IMPT: What changes with multiplicity...?

Event selection N {p%.:j:» [(GeV/c)*]|(E?) [GeV?]|{E) [GeV]
p -+ p min-bias | 10.3 0.12 043 0.61

Au-+Au 70-80% | 15.2
Au-+ Au 60-70% | 18.3
Au—+Au 50-60%| 27.3

Au+ Au 40-50% | 38.7
Au+ Au 30-40% | 67.6
Au+ Au 20-30%| 219
Au+ Au 10-20% | = 300
Au+ Au 5-10% |= 300
Au+ Au 0-5% = 300

ma lisa - Radial Flow in p+p Collisions - Workshop on Flow & Dissipation - Trento, Italy - 15 Sept 2009

Wednesday, September 16, 2009







Event selection N {p%.:j:- [(GeV/ic)*]|(E?) [GeV?]|{E) [GeV]

IMPT: What changes with multiplicity...?

malltiplicity dees (!

)

p -+ p min-bias | 10.3 0.12 0.43 0.61 f

Au+ Au 70-80%| 15.2 e I

Au-+ Au 60-70% | 18.3 Q:,_

Au+ Au 50-60% | 27.3 o107

Au+ Au 40-50% | 38.7 2

Au+ Au 30-40% | 67.6 B: i

non-rel ultra-rel if T =.15+ .35 What we find
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* magnitude
* pT dependence (shape)

* mass dependence
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correlations
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correlations
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correlations

: ey, !!! oos ‘

like flow!!

constraints on
momentum
distributions
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Hey, that looks
like flow!!

femtoscopic X
R(pT) Hmm... Strong PS

2-particle - - constraints on
correlations - A i momentum
EMCICs distributions
<pT2> etc. [ :

postulate
identical
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Can we do better...? Yes we can

correlations

>

/

2N 4

ma lisa - Radial Flow in p+p Collisions - Workshop on Flow & Dissipation - Trento, Italy - 15 Sept 2009

\D,

42

Wednesday, September 16, 2009
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Combined fit: consistent flow-based description
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Combined fit: consistent flow-based description
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Combined fit: consistent flow-based description

oo 3 MeV
Blast-Wave Model: R=209+0.04 fm

F. Retiere, MAL, PRC70:044907,2004. "0 =225+0.05 fm/c

#"=0.1+0.2 fm/c
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Combined fit: consistent flow-based description
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Combined fit: consistent flow-based description
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140
» PRL 92 (2004) 112301

“raw” (ignoring EMCICs)

8-

— 130 B BW fit to STAR spectra

%’ u * (EMC corr.- arXiv:0807.3569)

p— 120 * syst. errors

et - i BW fit to STAR spectra+HBT

£ -
|_x 110 :— ] * EMC corrected
5 ++* LI ®
100 . i

EMCICs free adjusted -
to spectra & fit to spectra 0.6 % ®

0.5
A . ¢
G 0.4 o
“raw” (ignoring EMCICs) 0'§:_.
023700 200 300 400 500 600 700

dN_ /dn

ma lisa - Radial Flow in p+p Collisions - Workshop on Flow & Dissipation - Irento, Italy - 15 Sept ZUuY

45

Wednesday, September 16, 2009



Combined fit: consistent flow-based description
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Combined fit: consistent flow-based description
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pp so different from AA?
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PID’d <pT> systematics

similar systematics AA vs pp

increasing flow
or

relaxed P.S
?
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Summary

* E&M conservation induces phasespace constraints w/ explicit N dependence

—should not be ignored in (crucial!) N-dependent comparisons

— significant effect on 2- (and 3-) particle correlations [c.f. Ollitrault, Borghini, Voloshin...]
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Summary

"« E&M conservation induces phasespace constraints w/ explicit N dependence
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— should not be ignored in (crucial!) N-dependent comparisons
—significant effect on 2- (and 3-) particle correlations [c.f. Ollitrault, Borghini, Voloshin...]

— ...and single-particle spectra (often neglected because no “red flags”)
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Summary
° E&M conservation induces phasespace constraints w/ explicit N dependence

— should not be ignored in (crucial!) N-dependent comparisons

—significant effect on 2- (and 3-) particle correlations [c.f. Ollitrault, Borghini, Voloshin...]

TN

— ...and single-particle spectra (often neglected because no “red flags”)

.

[ * Femtoscopy & Spectra
. —in H.I.C., well understood, detailed fingerprint of flow
d
— RHIC — first opportunity for direct comparison with p+p

IP- — accounting for EMCICs, identical flow signals in p+p

i

* is pp/AA physics very similar, or are measurements insensitive to diff physics?
L
N

f

Has AA become the reference system for pp in non-perturbative sector???

* Thermalization, hadronization, very early color dynamics...

S T & SO / B S
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