CHARGE-CONSERVATION-DRIVEN

CORRELATIONS
A MICROSCOPIC APPROACH

Motivations:

1. Investigate Evolution of Charge Content (u,d,s)
Extract/confirm Xau(T)

2. Diffusion Constant for Light Quarks

3. Background for CME Signal
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CORRELATIONS & SUSCEPTIBILITIES
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FROM C’' TO MEASUREMENT

At Hypersurface: ONp e =]
= X RO hah
04a

If charge equilibrated amongst hadrons

ONp ONp
(Bon(r1)dpn (r2)) = Caplrs,r2) 5~ 55

dqy

Defining Charge Balance Function:

(10nn(p1) — ong(p1)] [0nn (p2) — Ong (P2)])
np(p1) + ny(p,)
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Bry (p2|p1) =
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p1. pz refers to rapidity, azimuthal angle Qj,,...




FROM C’' TO MEASUREMENT
CME “SIGNAL”
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FROM TWO-SURGE BLAST-WAVE MODEL

Adjust Initial-State Chemistry (First Surge)
Adjust 2 Widths of C'(An)
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S.Borsanyi,Z.Fodor,S.D.Katz,S.Krieg,C.Ratti,
. K.K.Szabo, PRL (2014)




FROM TWO-SURGE
BLAST-WAVE MODEL

Adjust Initial-State Chemistry (First Surge)
Adjust 2 Widths of C'(An)
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MODEL C’

1. Base C’' on Hydro Evolution, OSU Hydro (boost-invariant)

2. Generate MC Pairs of charge a and -b with probability:

S.Borsanyi,Z.Fodor,S.D.Katz,S.Krieg,C.Ratti,
K.K.Szabo, PRL (2014)
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3. Also create initial pairsa-t—vo—wﬁ%h—pmbggiﬂfi\i‘zy——

dST Xab

Initial pairs already separated,
gaussian parameter in spatial rapidity: a




MODEL C’' THROUGH HYDRO

4. Model diffusion of charges, free stream + collisions

1
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D comes from lattice: Aarts et al, [hep-lat]1412.6411v2
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CONVERT C’ BALANCE FUNCTION

. For each charge g, that passes through hyper surface

d*z O - (UXab)

Probability of creating hadron of type h is:
ONp = (Nh)qh,aXabqb;

Ny = s | P i f(p)

(2m)° J Ep

. Only correlate particles (and their daughters) with those from
corresponding pair

. Model denominator of BF with usual Cooper-Frye, add contributions from
to numerator

. Convolute with STAR acceptance filter (provided by G.Westfall)




NUMERICAL COST

Little noise, because you track correlated pairs
* One hydro event

* sample ~ 10¢ charge pairs, ~107 hadron pairs
* ~ 5 minutes on laptop (not counting hydro)

e BUT, much more computing when cascade added




RESULTS
(BINNED BY RAPIDITY)
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RESULTS BINNED
BY ®; AND A®D

More flow in-plane =» narrower BF
More particles in-plane = (Agp)#0
STAR preliminary results
qualitatively similar
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COMPARE TO STAR

* Qualitatively similar
- BUT!
STAR results ~25% narrower for all
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CONTRAST WITH
CME
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COMPARE TO
STAR

?
YSTAR
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Calculation:
 only one centrality, so far

e ~ 10% above STAR




S.P., S.Schlichting and S.Gavin
PRC 2011

OTHER
CALCULATIONS
VS. STAR

elated to momentum cons.
(a)

(b)

PION CASCADE:

» initial local charge conservation

* vary spatial anisotropy

* vary cross section

» similar to STAR
includes momentum conservation
(~explains both same/opposite sign
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OTHER
CALCULATIONS
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VS. STAR

% centrality

BLAST WAVE:

° parameters:

widths of B(A¢p) & B(Ay)
Use Retiere/Lisa BW parameters




ADD CASCADE

Can no longer isolate correlated particles = NOISY

Divide C’' into 2 parts:
1. Inter-pair correlations (exist at hyper-surface)

scatter particles (s-wave scattering), keep track of partners
2. Correlations that build in cascade: generate uncorrelated particles,
then collide, decay, calculate correlations between all particles

(2) is NOISY!!




ADD CASCADE (PROGRESS REPORT)
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Finish Implementation of Cascade
Add effects of baryon annihilation
Evaluate many species and kinematics
Imaging:
th/(Aﬁ) % Cab(AF)
Experiment
— STAR and ALICE:
Calculate BFs for multiple species,
bin by A¢gp, Ay, Qi,v and by
momentum/direction of first particle
— CMS/ALICE:
Use wide rapidity acceptance, investigate
spread of charges produced early
Correlate (A¢p) vs (Ay), determine D!!

— Small Systems:
Are quarks produced early?
or at hadronization?



STAR, AZIMUTHAL BFS
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