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Global Orbital Angular Momentum
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Longitudinal Fluid Shear
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y or z [fm]

Related problem: Jet induced polarization
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Induced photon Polarization
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Collision configuration
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Calculation Formalism

Ccross section depends on polarization

d?o, d?c  d*Ao

dEKT dz){]r dzx‘r
polarized cross :> d*Ac - 1 dz”—k B d?o_
section: dzxr o 2 dEKT dzx]r
un-polarized =) d’c 1 (d*0y d*o_
cross section: d2x T 9 d2x + d2x T

o0 o0 dﬁﬁ
Total polarized 0= / dx dy 2 Ao
- 40 — o0 XT
and un-polarized

Cross section: o0 00 dzﬂﬁ
Ao = / dx dy—
0 o —x0 d XT




Ambiguity in conventional method

Diffrential cross section for [1(P1A1) 4+ 2(P2A2) — 3(P3A3) + 4(Pals)

1
do = IM(P1A1, Po)o. P33, Pa)s) |
6 il 2

d*p3 d>ps

48 (P, Py — Py — P
< @r) 0 (Pt Pa = Ps = Pa) o s e,

Integrate out dPBzd3P4 ﬂQ(PT) = ‘EBPE —E4P§?
1 |d%pr
do — M(P3)3, Pa)s)|?
’ 64IF’1 Pl 2 2 Pk PO oy

I= 12)\1)\2)&4 ﬁ

. 1 -
insert /dgp}”"{gj(PfT —PT) = (21 )2 /dgp}dzxre‘("T_"T}'“T




Ambiguity in conventional method

Diffrential cross section at fixed impact parameter

dzg — ! dsz dzpr Ef'(IJT—Pfr}'XT
d?x T 64|P1 - P3| (2?()2 (2}’1‘)2
M(P3As, P4A4)M*(P§)\3. P}M)
DD DU
}’:1,2 )&1 ~)‘2~)\4
We can replace —— 1 L with a; + a 2
., 1 2 =
A2(pT) A1 (p1) A%2(p7)
d?c _ 1 dQPT dEPFT i(pT—ply)xT Differential
dQKT 64|P1 . PE‘ (2,?':.)2 (2?1_)2 Cross section

IS not unique,
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X b I
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Improved method

Mixed representation

A
P32, A3, X37) = / Td F'3T 1P3TX3T|P3_;|,‘3}
\ Asz T
|p4z-)"4-x47—;' (2 I)J4 EIP4TE4T|P4 ,-:"nril;'
Matrix element
Sﬁ = {mg.}‘3.K3T;P4z-}l4-x4T|S|P1”}"1'P2'/\2}

B /ATd2P3T Ard®psr 1 1 1 1
- (27)2 (2m)2 V2E1V \V2EV \V2E3V V2E,V

x @ /P3TX3T =iPaTXaT (01454 (P 1 Py — Py — Py)
X M(P3A3. Pa)s)



Matrix element

8 delta-functions and 2 amplitudes

Ard?pst Ard?par ATd?phr ATd?pr

1S5l 2 2 2 2
(2m) (2m) (27) (2m)
y 1 1
V* 161 E> \/E3E4E3’E;

w e (P37 —P37 ) XaT s —i(PaT—Py7)XaT

(27)85@ (Py + Py — P3 — Pa)d@(Py + P, — P, — PY)
XM (P3A3, PaAg)M*(P3A3, Py \s)

Momentum configuration PT — PT

S /
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Differential cross section

Differential cross section at fixed impact parameter
XT = X3T7 — X4T

v
- dsz 4 LdpSz ll'-'f:'rp-‘flz 2
do = AT 4er;?%; / 2t 27 5

1,A2.A4

Integrating out d2p4rdp33d2pjﬂrdp4z and using two z-component

delta function are identical, and using [276(3)(0) = L

dzn _ 1 /dEPTdEPf e —i(pT— pT} xT(x)(EB + E4 _FE! _ Ef)
dzxr T 64 3 ¢
1 EsE,4
< T y‘ F i i i
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Treatment of last delta function

; Interaction time
Using T
T/2 ’
’ﬂ’ﬁ(Eg -+ E4 — Eé — E}i) ~ / dt Ef{E3+E4—E3—E4}r
% _TE-"IIZ

Differential cross section can be written

d’o ! 2 2 —i(pT—PF)
— ! T/XT
d?xT 64(2 ”T)“‘Pl Ps| /d pPrd°pT <E

E3E,
x> D — ,-
i=1.2A1.M2. 4 \/E3E4EE EBP” Ezlpgz}
xM(P3As. Pada)M*(P3A3. PyAs)),

With time average (...) =

)

T /2 )
/ dt (- ) el(EstEs—Es—Eyr
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Interaction time expansion

Expansion if |(Es + Es — E5 — Ej)t| < 1

el(Bs+Ea—B—E)t 1 4 j(E3+ E4— E5 — E})t

1
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Leading order ~ 1 reproduces old result

d?c(0) 1

_ d?p+d*p e (PT—PT)XT
d2x1 64(2:-:)4|P1+P2\/ Sy

1 * ! !
Xy > WM(Pg)\g.P4,\4)M (P43, Pi)\s)

i=1,2 A1.M2.2
dzg(ﬂ}

pol
dEKT'

dzg{ﬂi
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dsz

+ A3

(B3 + Eq — By — E})* 82 + ...
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Leading order result

To leading order, the result is unique
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Here are polarized and unpolarized cross section
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Next-to-leading order

Next-to-leading order ~ t°

d2o1) 2
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Next-to-leading order

Here are polarized and unpolarized cross section
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Numerical result

Exact result and result with expansion
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Conclusions

e A general approach to the differential cross section
with impact parameters: well-defined and free of
ambiguity existing in the conventional approach.

e The method is making use of the fact that the final
state energy is not fixed at fixed impact parameter

e An expansion is proposed in terms of |AE = Ef — Ej ~ 17
the leading order result reproduces result from
conventional method

e Applicable to many other parton-parton scatterings in
non-central nuclear and proton-proton collisions
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