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Summary

e Spin frontier for the partonic structure of the nucleon

e Observables for polarized proton elastic collisions

e Spin dependence in hadronic and em elastic processes
e Peripheral longitudinal and transverse spin asymmetries

e Conclusions
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Introduction

Polarized protons facilitate the study of spin dependent
amplitudes for forward pp elastic scattering, particularly

d+(5,0) o ot (i+p),  ¢-(s0) x Ao, (i+p-)
d5(s,t) o r5v/—t, ¢2(s,0) x Ao, (i+ p2)

with the definitions, ¢4+ = (¢1 = ¢3)/2 where ¢ refers
to the dominant spin averaged proton proton amplitude.
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Scaled Amplitudes

Ratios of helicity amplitudes relative to the dominant imaginary
elastic proton proton amplitude Im ¢, with proton mass m,

. P2
i —
Ro+11o 21m¢+
. O_
_ I =
R_+1 Tm s
: m ®s
Re+1l =
P (\/—t> Im ¢

are expected to have a less pronounced dependence on t.
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To first order in small quantities p, Rs5, I5, and Coulomb phase
§, the maximum of the asymmetry Ay occurs near v/3t., where

&

4 Amax 3

vV —3v3 t. ;

B ST«

Otot,
and Ay has the following maximum value in ¢

(p+0)

— 2V3Rs —2I5 + ---

with additional terms involving spin dependent hadronic
quantities Ry, I, R_, I_ that are accessible from asymmetry
measurements undertaken in the interference region with both
Initial protons spin polarized.
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Spin Asymmetries

An, ANnn, Ass, Arr, Asr, have singular terms in ¢ arising
from photon exchange. The scaled pp differential cross section

t do
Lo =
U (eBt Utot) dt

with slope parameter B has an expansion in powers of ¢ with
constant coefficients ag, and by.

AT o?
Lo = + aag +
Otot t &

o
totbot_l_
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For initial protons polarized along axis N normal to the
scattering plane (and similarly for L longitudinal) note

AvnZy = aanny -+ St;t bnnt + -

Spin observables with both initial protons polarized along
perpendicular axes S, L have a similar power series expansion

—Asr 2y = wagsp + StOtbSLt—|—

In identical pp scattering, Aps = Agy, and near the forward
direction one could check the expected equality Ayny ~ Agg.
Like Agy, the spin asymmetry with one of the initial protons

Spin Physics 2006 Kyoto Japan Nigel . Buttimore @ tcd.ie 7



polarized has a /—t factor and so in

Otot

ST

—ANT, = aan—=+ byt + -

it is convenient to define another scaled unpolarized differential

Cross section
m+/—t do

€2Bt0't | dt
ot
The eight expressions for the measurable coefficients, a;, b,

of the asymmetry expansions are sufficient to determine

IlE

Rj7 Ij) .] — _|_7 T 27 3

or at least provide bounds on the pp amplitudes.
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Table 1: The expansion coefficients a;

Observable a;

Ly P
AnnNZo Ry
ATy R_
—Ag1Th K(Ro+ R_)/2
—ANTy | Is — k(1 4+ 13)/2

For Ax(pp) , note the occurence of both Is = Im r5 and I
in coefficient ay . Amplitude I would be absent in Ay (pC').
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Table 2: The expansion coefficients b;

Observable b;

To (1+p*+R%2+12)/2+ R+ 13
AnnTo Ro(p+ R_)+ (1 +1_)
ArrZo pR_+1_+ R3;+ I3
—Asr T Rs(Ro+ R_) + Is(Io + 1)
—ANT: Is(p + Ry) — Rs(1 + L))
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Analyzing power

e T[he analyzing power has a maximum in interference region
e Spin effects change the value of the maximum of Ay

e Spin dependent amplitudes can be obtained from double spin
asymmetry measurements near forward angles

e A study of the energy dependence of forward helicity
amplitudes through the use of analyticity could test causality
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Polarization Evolution

When circulating at frequency v through a polarised target of
areal density n and polarisation P normal to the ring plane,

g [N I.—1, PA.—A) | [ N
— — —nv

dt | g P(A. - K,) I.— D, 7

describes the rate of change of the number of beam particles
N (t) and their total spin J(t). The loss of particles from the
beam involves the difference of complete (c) and accepted (a)
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quantities, the first matrix element of the rate matrix,

" d
I. — I, = 27?/% d—g sin 6 d6

as coefficient, where integration is over all angles beyond 6, ,
the acceptance angle of the accelerator ring. Another change
in the beam, the second matrix element, results from a product
of target polarisation P with

" d
A. — A, = 7'('/ (ANN -+ Ass)d—g sin 6 d6

the azimuthal average of the transverse double spin asymmetry
integrated over collision angles beyond the acceptance angle.
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A change in the total spin J, a contribution to the third matrix
element, involves a product of P with the average transverse
asymmetry integrated completely (c) over angles 6

" d
A. = 7'('/ (ANN -+ ASS)—U sin 0 df
N e

above a minimum angle 6, linked to the average distance
between charges. Another contribution to the change in J
comes from P times the azimuthally averaged spin transfer
observable

0
2 d
K, = 7'('/ (KNN -+ KSS)—U sin 6 d6
N 0
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integrated over low angles where particles remain in the ring.

A contribution to a change in J involving J itself, part of the
fourth element of the rate matrix, results from the azimuthally
averaged depolarisation observable, below acceptance

= do
D, = (Dnn + Dss) — sin 6 df
00 d )

in the form of a loss of polarisation quantity, again integrated
over angles within the acceptance range

L, = (Ia_Da)/2°

Using determinants to solve the coupled system provides the
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time dependence of the beam polarisation 4, induced by P

Pait) = 20— p R = A

I(t) L, + Lqcoth(Lgnvt)

Takakazu Seki (Fujioka 1642-1708 Edo) was the first to study
determinants (1683); the discriminant for the eigenvalues is

La = \/ P? (Ac — AJ) (A — Ka) + L2 .

In the short term, the rate of change of polarisation is around

APy

T ~ nvP (K, — A.)
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In the long term, the polarisation increases in magnitude to

AC - Ka
lim Pb(t) = P :
=00 La + Ld

In the short term, the rate of change of luminosity is around

dl

-~ nvP (I, — L)

Such quantities relate to integrals over double spin asymmetries
that have singular behaviour in ¢ and are enhanced. Normal and
longitudinal polarizations of the source of polarization build-up
lead to different rates of change and provide information on
the values of p, Ry, 1o, R_, I_, Rs, and I5 for the pp case.
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Conclusions

e Spin dependent hadronic collisions test nonperturbative QCD
e Maximum analyzing power at interference probes spin effects
e Double spin asymmetries near forward direction show effects
e Kinetics of stored proton polarization provides information

e Causality test via analyticity of spin dependent amplitudes.
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