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OUTLINE

(1) History and Theory

(2) Detection Apparatus

(3) Analysis Procedure

(4) Results and Conclusions



Spin polarization and magnetic moments
are two related but separate phenomena

Polarization:
pP = MI=Nl
T NT+N|

Produced in an interaction.

Magnetic moment:

A static property which deals with
quark confinement




FERMILAB E-8 DISCOVERS A
POLARIZATION"®

300 GeV unpolarized
proton beam

Polarized A's

Be Target

This is not expected!

Subsequently, this method has been used to make polarized
¥’s, Z’s A’s, and Zt’s

* G. Bunce et. al., Phys. Rev. Lett. 36, 1113 (1976)
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f- spin independent part
g- spin dependent part

At low energies there are few dominant am-
plitudes but at high energies there are many.

So why are high energy hyperons polarized?



Kinematic Variables zz and pp

Inclusive reaction: p+p — =747

1) LE.

Tp = w2i— defined in c.0o.m. frame

P Lmaz

Tp & fpg-:m_(}.a,b) for zp > 0.2

EETTL

2) pr: Transverse momentum
b — Poutsinép = nggp (Si??§ = 3}

Tells how "hard” the interaction is.
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Polarization
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Why measure p="

As for any particle, measuring u should
give some information about its internal struc-
ture and interactions.

Also, fhyperon measurements provide a test-
ing ground for theoretical models.



S/
o

Barvon Quark wave function
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EVENT TOPOLOGY
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RUNNING CONDITIONS

1) 5 Sweeper magnet fields. This means 5
different field integral values and momentum
spectra

2) Use both signs of the analyzing magnets.

3) Change targeting angle.
+ angle
0 mrad targeting
horizontal targeting



POLARIZATION ANALYSIS

5 (a=+A P-)A+6-(P~><A)+7~(A><P~)><A
1) Py = 1+a=A-Ps

2) dmé (1 + apPy;cos6;)

g; is the angle between the axis i and the proton direction in
the A rest frame.

Additional points:

A) Use the Hybrid Monte Carlo technique to account for the
acceptance.

B) Bias cancelation:

A, =B4+P A =B-P

P= Ai—A_ B = AatAd.
= == E—



MAGNETIC MOMENT ANALYSIS

¢ =tan (&) = 5Ly (-42= — 1) [ Bdl

2/~ Bmzc | pymp

Y
(L Pt s IR0 j?‘

ﬁ - 1; g=-¢€ |
m,p is the mass of the proton
Ly is the nuclear magneton: (ef/2myc)

"
-
:':,E%

{V p
B

‘%é%f;!
.

But how can you tell whether P has ro-

tated through an extra 360° or flipped its

sign?

¢ =P+ nlBO°



RESULTS

1) 4.37 x 10° Z7’s produced with a vertical
production angle

2) 229K Z7’s produced with a horizontal
production angle of 1.3 mrad

3) 514K =7’s produced with a 0 mrad pro-
duction angle
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Polarization
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Polarization
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Polarization
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How to compare 800 GeV to
400 GeV results?

zrp=1<

pr = PO
S0:

pr = zplE

Hence, if you double E then use —g-



Polarization
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Polarization
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Polarization
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Polarization
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Polarization
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Polarization
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Polarization
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Polarization
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Polarization
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Polarization
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Summary of Polarization Results

1) P=- is not energy independent.
2) Unlike Py, Pz is independent of zp.

3) 800 GeV Pz- is consistent with 400 GeV Pxgo.

4) Py is consistent with Pz in the kinematic
region where P-o is measured. What happens for

pr > 1GeV and zp > 0.67
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prm—
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N



MAGNETIC MOMENT RESULT

pz— = —0.6505 + 0.0025nm

Best measurement of lnyperon

Confirms somewhat controversial result. Ear-
lier models predicted |uz-| < |ual-
(pa = —0.613 + 0.004nm)

Three magnetic moments are very well mea-
sured (< 1% error): pz-, pA, and Lyroton
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