Corrections to the Smoothness
and On-Shell Approximations
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Smoothness and On-Shell Approximations

> Start from equal-time Wigner expression (evaluated in PRF; P = (p; + p,)/2,
q = (p1 —p2)/2) 5
fds"'f(gk Dqs (r, k) S(r, k; P*)
C'(q; P*) Zws
| d®r S(r, q; P*)

> On-shell approximation: P# =~ p* where P = p, p? = m?.
» Smoothness approximation: S(r, q; p*) = S(r, 0; p*) = S(r; p*)
» Gives standard KP formula

") ~ Z’“’S/dg"” Pq,s(r) | S(ri p")

e.g., Wiedemann and Heinz (1999)



On-Shell Corrections
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> PO =pf +2q?+---
> S(r; PH) = S(r;p*) + q*S" (5 p#) + -+
» S’ has contributions from:
- PO — plitself
- Frame transformation from rest frame of P to rest frame of p

- Additional term from kinematics if my # m,



Smoothness Corrections: Angle-Dependent

C(q) = /d?’r ([K(r,q) S(r) + Ki(r,q) S'(r) + Kij(r.q) S (r)]
g / dr [K(r,q) S(r) + K, (r.q) S (r)]

— q@-qj(eij — g'el) /d‘?"r'K(‘r, q)S(r)+ 0((}363)

» S(r,K) = S(r) + k;S'(r) + k;k;SY (r)+... (notably S(r) = S(r, 0))
> &b isintegral of St normalized with [ d3r S(r) = 1.
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Smoothness Corrections: Angle-Averaged

2
C(q) — /dT ’I"Q [(1 — %tl’(é‘)) KO?OSO’O + KQ_J[]SQ}{] -+ KQ,QSQ,Z + 0(q4<€4)

1 _ _
- dQ, K(r,q) = Ko /er S(r) = Sog
T

| /er 6%-jSij(?") — SQ,O
e dQq Ki;(r,q) = K00 + K320 - _
/ A, Qi SY (1) = Sa



Smoothness and Isotropy

» With smoothness adopted, angle-averaged correlations are described by effective
spherical sources

» Corrections to this only show up at second-order and higher

» Can define (simplest possible) anisotropic correction

1

Cunolt) = Cla) = 1 [ 12Ca)

2
= /d?“ r? [—%|€|2K0,050,0 + qKo,150,1 + ¢K10510 + ¢K12512 + Q2K0,250,2] + O(q’”)

» Other anisotropic corrections (including dominant first-order corrections!) are
found in more complicated moments, harder to isolate on their own



Blast Wave Model & Results

SEP(a, ") = (5 cosh(n) — p sinh(n)) J(T)O(Ry — p)e """,

u' (x") = (coshncosh n, sinh ), cos @, sinhn; sin . sinh 7y cosh ),

_ P
ni(p) = arctanh (ﬁﬁs , pr=0.9 GeV p:=0.9 GeV
0 61 0.012
( ) 1 (‘T—'To)2 — Rpg=1=1.0 fm ' — Rpg=1=1.0 fm
J(T) = ———¢ 2a,2 |
2 —— Rp=Tp=2.0fm 0.010 | — Ro=To=2.0fm
V21 AT 5 B i — W 'm
RU—TU—?.Dfm RU—TU—?.Ofm
0.008
e.g., Scheibl and Heinz (1999) 41
£ 0.006 1
8
= £
(o) ]
53 EJ_T 0.004
Q
< 0.002 -
2_
0000 ~~_ —_—
11 ~0.002
0_I T T T T T T _0.004-I T T T T T T
0 25 50 75 100 125 150 0 25 50 75 100 125 150
q (MeV) q (Mev)

See ALICE Collaboration (10 December 2020)



Results Cont.

» pp correlations: corrections generally dominated by thermal smoothness
corrections

» Lower temperatures, smaller sources, larger flow velocities increased
corrections

» Anisotropic correction was small (sub-percent for small sources, sub-permil
for pp-like)

» For pion mass, on-shell corrections exceeded 1% and anisotropic corrections
exceeded 0.5% for pp-like sources



First-Order Corrections
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Conclusions

» Blast wave sources (especially for pp correlations) do not seem to suffer too much
from smoothness issues

» Corrections can be implemented, even at the order-of-magnitude level, for any
model used

» Smoothness plays a much larger role for angle-dependent correlations



Thank youl!
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Additional Slides



Correlation
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Anisotropic
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Coalescence

» Start from equal-time Wigner expression:

fd" | &2 D (v, k) S(r, k; p*) . (27)3me(2s. + 1)
fd‘i.r S(T 0: p,u,) m1m2(281 -+ 1)(252 -+ 1)

B =

» No on-shell corrections since there is no asymptotic relative momentum (though
there is a very small binding energy correction we ignore)

» Smoothness expansion:

B = W/d”' r) + K;(r) S*(r) + K;ji(r) S“'j(fr) —|—O(q383)]
» For Gaussian wavefunction with width b:

B_W/dTT‘2|qb|2 (800+ﬁ820+0( ))



oalescence Results
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