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Sign puzzle with longitudinal polarization
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Non-isotropic geometry
induces local polarization

L. Adamczyk et al., Nature 548, 62 (2017)
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Secondary decay contribution?
See also Hui Li’s talk
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A. Spin density matrix

Basic definition (), = Ztr(ﬁf(li(lf)(a')a(l)()a)) )
, tr(pa’(p)sa(p)s
1 1

E:Eexp[—b-ﬁ+§m:j]

In non-interacting | (p,o|pilp,a’)
approximation O(p)oor = > (p,olpilp, o)
(single particle)

Hermitian @ Analytic continuation

_ D5([p| ' exp[(1/2)w : X][p]) + D5([p]t exp[(1/2)w : f][p] )

O(p) = ‘ ; T
tr(exp[(1/2)w : Xg]) + exp[(1/2)w : Xg])
Small rotation @ Thermal vorticity tensor o*¥ [‘-p]’;“f"Lu];l-‘3 = w??(p)
(Sg' 1 af

n\? ~v - , ‘ S p0’*1/
e(p)a” =1 25+1 T 2(25+ ].) *(p) 60,3PVD (J )0’ t
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A. Mean spin of single particle

Mean spin vector with momentum p

= [p[ tx( DS J7)e(p))

= [p]n 2 25 q 1) (p)a'BGQBputr (DS(JP)DS(J")) iu

1 S(S+1)(2S+1)

T 2(25+1) 3 [Pl (P)* €agprg”"t"
La(a+1). .. Bpv 1 S(S+1) 3

e , We(D)at Q, utu L Dl afbupv, B
2 3 Plo@+(P)age 2m 3 e P

Lorentz transformation

[P] — R(g,G,U)LZ (f) — RZ(Q)RH(Q)LE(Q
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B. Polarization transfer in two-body decays

Two-body quantum superposition in helicity basis

IPedmA1A2) o< T7 (A1, A2) /dQ* DI (p.,0.,0)7 *|psAiA2)

(Dynamic amplitude) (Wigner D matrix) A=A — Ao

Density matrix Z O™ |p.imAi A} (pajnAiAs]
for Daughters mmn=—7j

Differential density matrix

J
Ap.) o Y TI(AL, A)TI (N}, Xp)* D (ou, 8., 0) 7 *O DI (0., 0., 0) % [Pu A A2) (P X M|

m,n=—}

S Ti(AL, AT (N, A,)* Di( gy, 6., 0) 7 *O™ Di( 0, 6,,0)3,
Two-body 6,3, = =" —
Z,\1.,\Q _j|7"{Al-/\'.Z)I.'I)J(‘pt-ﬁt-“),\ en DJlPxe‘U)\

mn=
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B. Polarization transfer in two-body decays

Reduced spin density matrix

o Mn . PO A)TI (N, Aa)* (83 + (1/2)(P)*P€agpe D? (I )3 R(p, B, 0)22"]
DA{Ay — ZA,.,\Q ITj(/\l-/\'.’)lz

Mean spin vector of the Daughter 1

St(p) =[pJs Y DS ()0 MM,

Ay AL
1 aB --,,ZA,AQT’()\n~/\z)T’(/\'n-Az)‘[P:]‘.f-DS'(J"')i'}D’(J’)ilR(Q»O:-U)f

=§wa(P) “€agpul Y ria (A1 A2)P

_ 3 g Taoa PO )4 X DS R DI R, B, 0)
iG+1) MR Yoaide T2 (M, 22) 2
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Specific conditions A2 =0, 7 =3/2 and 51 =1/2
T(1/2) =T(-1/2)

3
P-) = 35G+1)
B 3
2j(+1)

1
Sf{ ( lLf). (6)55*1‘!(P)p o 55*111 (P)pR(“Ps 0:-, O)tjl-z (€)ZR(~,’?*. 9: ’ 0)p3:|

Es e e P+ "
L- “S*|. P P S‘J-‘ - e = S*l- - 30#
[ p. ()5 S«m(P) By oM - P pX my oM - P 0]

oy Q0 p. _ 2 T S
Soa(p.) = Sa(p.) SA(P-)E_ e [S-.u —S.m p.p.]
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Specific conditions j =1/2, S; =1/2 and |A2| =1
@ Helicity conservation

T=A A=A — X = =\, Ap = —2)

3 : .
193 e : n 1 DY/ 270 15\=A1 D1/27 17\ A1 o..0..0)°

SK(P) = gz l)s._.uw)p;[p*w ()N D2 UINRR($e, 6., 0)7

_ 3 o2 Ex . Ps cu

T e (m.« PL+ "°>

@ A rest frame
P« S &
SOJ\(p*) = Si\(p*) _ Sg(p*)&_ +my = _S*J\'I * PxPs«
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C. Average longitudinal polarization

The magnitude of momentum for Daughter fixed
in Mother frame
P«D =

1 | §
- I I (my +smpy +t m,D?)l;z
2myg -

.=+

Mean spin vector average over Mother distribution

[ &p. n(P)| 2| Sor (p.)3(p. ~ pop) [ A n(P)| 22| Soa(p.)

(Soa(p)) = : . = .
[ d3p. n(P)I% O(ps — p+D) fde(P)'%

(e« +€)(P — P.)
(ge +2)° — (P — Ps)?
co(cs +)IM3
, o x4
(Exe+ Ps - P +mp,)

Momentum of Mother P =2myuy

oP
dp.
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C. Average longitudinal polarization

High energy collision, longitudinal polarization dominates

[ dQ, n( ‘ l[AS,.U + B(S.ar - P.) cosb,]
fdQ*n |5F:

(Soa(p)) -k =

[ dQ. n(P) f’—p . (A + Beos?6,)

- [ dQ.n( |

Primary mean Spin S, ;. =~ S fo(Pr, b) sin 2
Variable redeflnltlonﬂ i Ly — P

sin22py = ./4(9 ) sin 2 + B(9~ z*)
cos 2 = A(6, V) Cos 29— B(6, ¥) sin 2¢

Shows up in n(p) Non-vanishing
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Numerical results

Number density n(P)=a e2v2(PL)cos(2¢n)

falpr) = 25— va(pr)
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F. Becattini and I. Karpenko, PRL, 2018 L. Adamczyk et al. ,PRC, 2013
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Numerical results

Fitting to the case VS = 200 GeV

f2(P1L) = —?.71*10‘3Pf+3.32*k0‘3Pi—4.71*10‘4}’1

Hydro estimation: Primary A : 24.3%,
¥*:35.9%, (almost primary)
¥0:27.5% (60% primary)

T [ S S A ——

0.002

o/n L : -
Suppressed compared to only considering primary contribution
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Numerical results

Good sin(2¢) feature with the polarization transfer factor
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Summary

® is studied within relativistic
guantum mechanics by taking into account
contributions from

® J. " contributes to the polarization heritage,
contributes to the one
® The can’t be explained by the

Thanks!
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p2 sin 28, cos 2y — 2pp. sinf, cos ¥ + p

Al ¥) = p2 + p? — 2pp, sinf, cos v
B(6, 1) = P Si“2 L S;“ QL — 2p.peind, smy
pZ + p? — 2pp, sinf, cos ¥
3 : 3 - 3/2 03
D2 (M =0y D2 (=03 D))= N

R(¢+, 02, 0)L. (E)4R(2, 8., 0)7
=R(¢u, 0., 0)4L. (€)3R (s B, 0% + R(pu, 0., 0)4L. (€)IR (o0, B, 0)

= — cosh & pYp? — sinh € pPéf = -;;‘ pLpP — p,. pf()ﬂ
A
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