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Measurement of A-spin through decay A° — pn-

Proton preferentially emitted along A-spin
- - In A rest frame: pol. decay distribution
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Measurement of A-spin through decay A° — pn-

Proton preferentially emitted along A-spin
In A rest frame: pol. decay distribution
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PA: Transverse Lambda Polarization

Transverse A polarization in pA: long history...

One of the first transverse spin effects at Fermilab (1976): p+Be—>A%+X
and many more follow-up measurements, also at CERN SPS (NA48), HERA-B
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A polarization was found
to be sizeable!



What about LHC? Is it feasible at a high energy collider?
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Recent ATLAS measurement at VS = 7 TeV
[ATLAS, PRD 91, 032004 (2015)]

Polarization small at mid-rapidity
A polarization at LHC possible

Can A polarization be useful for LHC physics?
Tool in particle physics?
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Can A polarization be useful for LHC physics?

ot et e 1 Tool in particle physics?

Simplest and cleanest process (like DIS): ete- — AT X

» OPAL at LEP on Z-pole [Eur.Phys.J C2, 49 (1998)]:
Longitudinal Polarization,
no significant Transverse Polarization

Polarization

» Preliminary Belle data: Transverse Polarization

[Yinghui Guan, SPIN 2016]

= significant transverse polarization
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Perturbative QCD at leading twist: A fragmentation

;(,.' A parton — A + X transition:
EX (Pa,Sa; X[ q(0) ]0)
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Perturbative QCD at leading twist: A fragmentation

;(,.' A parton — A + X transition:
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‘'square of the amplitude’
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Perturbative QCD at leading twist: A fragmentation

;(,.' A parton — A + X transition:
CF
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Perturbative QCD at leading twist: A fragmentation

;(/ A parton — A + X transition:
s

X (Pn,Sa; X q(0)0)
Bif() = 5 %6/ 9X =12 (0] [som, 0] ;(0)| Px, Saz X)(Px, Sa: X| g, (hm)[Am, som] [0)
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‘'square of the amplitude’

HeNA, imu M 291.2GeV

A fragmentation functions

AKKNOR

at leading twist R
A/q FF of unpolarized g — A: h
Dy (2) | | |
fairly known [fits by AKK08, DSV, ...]

GA/q( ) FF of longitudinally pol. g — A:
— 1 <) poorly known [attempts by DSV to fit LEP data]

FF of transversely pol. g — A:

HM(2)
1 unknown, chiral-odd, hard to extract from single-inclusive processes
Candidate to explain large transverse A polarization?



Unpolarized ete- —> A X cross section (leading twist) in pQCD

“Parton Model like” at LO
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Unpolarized ete- —> A X cross section (leading twist) in pQCD

“Parton Model like” at LO
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Unpolarized ete- —> A X cross section (leading twist) in pQCD

“Parton Model like” at LO

T e

Ex d3 Py, X zq:eq Dy (zn) 2, = qA2 ! (EAdSﬁA)NLOOC Z / o [ M8 (1w, 5/4?) Dy (2w, 1)

+6M59 (w, /%) DY g(zh/w,u)]
V.

Typical NLO features:
+ infrared safe (cancellation of 1/e2- poles in dim. reg.)

Ovirt 1+ Oreal = 0(1/5)J 5179 o — P /gq( w) + 0(50)J




Unpolarized ete- —> A X cross section (leading twist) in pQCD

“Parton Model like” at LO

~P
<
“VW<
d
Ea dS;A x zq:e?z Dy (z,) = (EAdsﬁA)NLO“ > / o [ NS (1, 5/2) DY e 0, 1)

+6M89 (w, 5/p?) DY (2 fw, u)]
y

Typical NLO features:
+ infrared safe (cancellation of 1/e2- poles in dim. reg.)

Ovire + Great = O(1/€) | 697 oc = 2P 4(w) + O(e°)

» MSbar renormalization of fragmentation functions — DGLAP evolution
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1,ren

O(1/e) cancels,
necessary condition for
one-loop factorization!




Collinear Twist-3 formalism
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Collinear Twist-3 formalism

'intrinsic’ twist-3 FF with transverse spin: G2/ 1(2) D?ﬂ/ 1(2)

T

'’kinematic’ twist-3 FF with transverse spin:

oy 2« 1(1),A/q 1(1),A/q
Aj(z) = / d"pr pp A(z, zpr) — GlT (z) DlT (Z)
dynamical’ twist-3 FF with transverse spin: By o
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Collinear Twist-3 formalism

'intrinsic’ twist-3 FF with transverse spin: G%/q(z) D?ﬂ/q(z)

'’kinematic’ twist-3 FF with transverse spin:

85() = @i M) — GEDM(y)| pEDMa(,)

'dynamical’ twist-3 FF with transverse spin: )P/ {

Af(2,2) ~ (01 g(Am) gF™ (jum) | Py, Sas X) (Pa, Sx; X| 4(0) [0) L——
— 15%?(27 '), éj}écl(%z/) o efs 2 <2 < oo

] o8 —
- - P A

=0

complex functions: FF(z,2) =0 FF(2,0)=0 Lrre.2)

Relations: Equation of Motion & Lorentz-Invariance
[Kanazawa, Koike, Metz, Pitonyak, MS, PRD 93, 054024 (2016)]

Do)+ P2 - [ g 3lPrres/ DL A 2.2 D) P (1 s ) i) -2 [ a2 BerE D)
1 2 A 1 A
GV () - L - [ gp e 2l 0) = e (.20 Grie) _ &, (1 - zdii) GifO() —2 [ as P ET )

Two equations, three functions — eliminate ‘intrinsic & kinematical twist-3’



Transverse A polarization at LO

'intrinsic’ & ‘kinematical’ twist-3 FF: ‘dynamical’ twist-3 FF:

s L

b 4 /
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A/q 1 g Y _
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q 0
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Single-Transverse A spin asymmetry
= Unique effect driven by a single fragmentation function Dt —
absent in DIS (1vy)
» EoM needed at LO to preserve e.m. current conservation of

hadronic tensor (g, W"' = 0) (EoM not optional!)




Transverse A polarization at NLO

[Gamberg, Kang, Pitonyak, M.S., Yoshida, in preparation]

Study the NLO dynamics for twist-3 fragmentation in the simplest process
Different compared to twist-3 distributions (no pole contributions)



Transverse A polarization at NLO

[Gamberg, Kang, Pitonyak, M.S., Yoshida, in preparation]

+  Study the NLO dynamics for twist-3 fragmentation in the simplest process
* Different compared to twist-3 distributions (no pole contributions)

Virtual & Real diagrams (qg/q - channel here, gg/g, agb/g not shown)
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Complete structure of the NLO result
w/0 Intrinsic twist-3
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w/0 Intrinsic twist-3
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w/0 Intrinsic twist-3
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+63(w, B) =3 + O(A%/s), gg-gluon correlation w/ EoM

All partonic factors calculated in
Feynman gauge & Light-cone gauge,
both calculations agree!

-

NLO

imaginary parts of loops



Summary & Outlook

A Polarization: Long history, measured in pp-collisions, recently at
ATLAS — feasible at a high-energy collider

Recent measurement at Belle in e*e: clean processes to determine
polarized A fragmentation functions

Theory for ete: Transverse A single-spin asymmetry through (LO) Dr,
consequence of missing T-reversal — unique feature

Outlook /Implication: NLO completed,
— calculate “splitting functions’ for polarized A fragmentation function

Then: more processes in e*e- to be studied (A+n - final state)



