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Motivation

Information of particle spin

@ How can we measure spin information of unstable particles?
Angular distribution of decay products
For example, v* — I/~
do 2 .
— x 14 acos“f + [Fsin26 cosp + - - -
dQ
= Coefficients depend on choice of
Spin Quantization Axes (SQA)
o Difficulties
e Often not enough data in practice
o Dilution of the information due to varying parton momenta in

hadron collisions
o Large high-order corrections
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Motivation

Spin Quantization axis

@ How can we maximize the spin information?
Can we maximize with proper choice of SQA?

@ Dilepton production from virtual photon

Drell-Yan LO parton: qg — v*g

Which SQA is optimal to these processes?
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Spin Quantization Axis

Spin Quantization axis

@ Dilepton production from a virtual
photon

do oT — 201 5
1 _ 0
dcosf ™ +<UT+20L>COS

SQA determines o7 and o;.
SQA is € in virtual photon rest frame.

SQA 0 /

virtual photon rest frame

o Longitudinal polarization vector ¢,

o (o 22 x,

satisfies ¢; - Q=0 and e% = —1.
(Q = virtual photon momentum)
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Spin Quantization Axis

SQA in the hadron collision plane

PN AP LI

@ In @ rest frame SQA = ¢, = -X
@ In X rest frame €, = Q
= Helicity = Spin projection along SQA
@ Collision of hadrons with momenta P; and P> :
In general X is chosen to lie in the collision plane in @ rest

frame.
XH = an + bPé‘

P
1\/

Y ...
L '.'
I
E
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Spin Quantization Axis

SQA in the hadron collision plane

X" = aPl' + bPY
where a and b are scalar functions of Q, Py, P>, and - --
e Specifying a/b determines X hence, SQA
= oy and ot

o Examples of well known SQA’s
a/b=1 (c.m. helicity axis)
a/lb=—-Q P,/Q-P; (Collins-Soper axis)
a/b=+Q-Py/Q-P; (perpendicular helicity axis)
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Spin Quantization Axis

c.m. helicity axis Collins-Soper axis perpendicular helicity
[Collins and Soper PRD (1977)] aXiS
p 1o ph p Pl P} Py Py
Xemn = P1 + P2 Xes=qram Xih=qoh toh

CS axis is orthogonal to L h axis.
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Spin Quantization Axis

c.m. helicity axis Collins-Soper axis perpendicular helicity
[Collins and Soper PRD (1977)] aXiS
I 1 0 po_ PPy P P
Xemn = P1 + P2 Xes=qram Xih=qoh toh

CS axis is orthogonal to L h axis.

’In Q rest frame ‘

Acmh o

- > Xes X'Ll. ki:
Xemn || P1+ P2 Xcs || vi —v2 Xin|lvi+v2
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Spin Quantization Axis

c.m. helicity axis Collins-Soper axis perpendicular helicity
[Collins and Soper PRD (1977)] aXiS
p po ph po_ PP Py Py
Xemn = P1 + P2 Xes=qram Xih=qoh toh

CS axis is orthogonal to L h axis.

’In Q rest frame ‘

Acmh o

- > Xes X'Ll. ki:
Xemn || P1+ P2 Xcs || vi —v2 Xin|lvi+v2

[In X rest frame]
hadron c.m. frame perpendicular frame

/ P —i— P,
Py > 2 P. 10/18
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Example : Drell-Yan Process

Drell-Yan process at small Qt

@ For collinear partons at LO,
6'tot = 67 and 51_ =0

@ For partons with intrinsic transverse
momentum k|

4We§a(kf} a’x3 + b2x?

01
Q2 (axp — bxy)?
@ Optimal Spin Quantization Axes
o 0, is minimized when a/b = —x;/x = —8:%.
= Collins-Soper axis [Lam, Tung PRD (1979)]
Q-P

o 0 is maximized when a/b = x;/x; =
= perpendicular helicity axis

Q-P1-
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Applications of Optimal SQA’s

Dilepton Production at large Q1

LO parton processes :
99 — 7v'g, 98 — 7*q, and gg — 7*q

/ . _ L
. { °qg —7'qgandgg —7'g
Y 7 are dominant at Tevatron
l\]\‘\,\’\' o Longitudinal Cross Section :
g \jet R (ax, — bx1)2 + b?x?

o; X 5
(aQ - P1 + bQ - Py)” — abQ?

e a/b extremizing 5, = Optimal gg axes

a/b depends on momentum fractions x; and x,.
— x; and xp can be estimated from measurements. (later)

12/18



Applications of Optimal SQA’s

Dilepton Production at large Q1

/I.O ﬂHHHHHHH\HH\HHH\HHHH\.\.\.\“\.\“\.\.\:

e Dilepton production at Tevatron0-8 * """" *
o Polarization variable « g e
0.4 o E

= S e c.m. helicity 7

or — 20, K E

o= ——— 0.2 F E

oT + 20, - ]

= _1<a<+41 0-0 ¢

-0.2 %* é

. . M H M _0‘4 E\HH\\H‘\\H\HH‘H\HHH‘H\HH\\‘\H\HH\E

@ c.m. helicity axis 0 1 > 3 4 5

Q/Q
@ Orthogonal SQA’s : L helicity and Collins-Soper axes

@ Optimal SQA’s : maximal and minimal gg axes
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Applications of Optimal SQA’s

Dilepton Production at large Q1

@]

e Dilepton production at Tevatron 0-8 * """""

\/g == ]_.96 TeV 0.6 ;l‘ "/ é

e Polarization variable « L S - Lhelicity

= 0.4 2 FE c.m. helicity 1

o= or — 201 0.2 E&=¢ ---- Collins—Soper

or +20;

= -1<a<+1 O'Og: ‘

. . T M _004 E\H\HH\‘\HHHH‘H\HHH‘HH-H.\-H-‘-\-H—\-H—\-\E

@ c.m. helicity axis o 1 5 3 4 5
Qr/Q

@ Orthogonal SQA’s : L helicity and Collins-Soper axes

@ Optimal SQA’s : maximal and minimal gg axes
14/18



Applications of Optimal SQA’s

Dilepton Production at large Q1

o

e Dilepton production at Tevatron 0-8 * """"" *
Vs =1.96 TeV 0.6 F S  — moximalqg

e Polarization variable « - L /S —--- Lhelicity
= 0.4 2 FE c.m. helicity 1

o= or — 201 0.2 ,4‘ ---- Collins—Soper 3

oT + 20, — minimal qg ]

= -1<a<+1 0-0 -

-0.2 ? é

. . M H M _004 E\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\V:

@ c.m. helicity axis 0 1 5 3 1 5

Q/Q
@ Orthogonal SQA’s : L helicity and Collins-Soper axes

@ Optimal SQA’s : maximal and minimal gg axes
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Applications of Optimal SQA’s

Momentum fractions of colliding partons

XM = aPl 4 bPY

e For optimal SQA, a/b depends on the momentum fractions x; and x.
However x; and x> are not direct measurables.

@ Kinematic constraint gives

2(x1P1- Q4+ x2Py - Q) = x1x05 + @2

® xi/x> can be estimated from angle 0., of the recoiling jet
in the hadron c.m. frame.

x1_ (Qo+ Qu)sinbler + Q7 (1 + cos bjet)

X (Qo — QL) sin Hjet + QT(]. — COS Hjet) P >

2 equations in 2 unknowns = xj, X2
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Applications of Optimal SQA’s

Quarkonium Production at LO

1.0éllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII§

_ 08F e E

e J/4 production c E

at Tevatron, O'Gé_ ..-""’— maximal gg _é

Vs =1.96 TeV 0.4E 2 --- L helicity 3

S E . S e c.m. helicity 3

° CDF. mgasurement an.d. 0.2F g <<= Collins-Soper 3

predictions : c.m. helicity E L — minimal gg 3

axis O'Og E

@ Orthogonal SQA's : 2E —

LheliCity and CS aXeS _0‘4.E-|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIE
0] 2 4 6 8

Qr/My,,
@ Optimal SQA's : maximal & minimal gg axes show greater contrast.
angle of recoiling jet required.

@ Large NLO corrections to o with c.m. helicity axis. [Artoisenet et 21 PRL 200

= An optimal SQA less sensitive to NLO corrections ? }
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Conclusion

Conclusion

Optimal SQA can improve spin information of particles.

Drell-Yan process at small Qr,

Collins-Soper axis minimizes §; from parton transverse
momentum.

L helicity axis maximizes 6

Dilepton (and J/%) production at large Qr,
Orthogonal SQA's : L h and CS give contrast in polarization.
see also [Faccioli et al hep-ph/0902.4462]
Optimal SQA's: show greater contrast in polarization
require angle of recoiling jet

Further applications

Optimal SQA’s in Drell-Yan at NLO (in progress)

SQA'’s less sensitive to higher-order corrections ?

Optimal SQA's for W=, Z° and t and new particles at LHC?
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