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Elastic scattering cross sections

(all variables are in the C-M frame)

Kinematics:
. (0
|q|:‘pf —pi‘=2pCMsm(Ej —J-t
P, = Peu SIN (QCM)ZZ Pey SIN (007'\/') cos (QCTMJ

qr/xc=5(q/1GeV/c) (r/1Fm)
Rutherford scattering:

do (lezahc jz 1 Der,
—=8r s
dq p ‘q ‘ Ecu

Rigid sphere collisions:

do __|d]
dq t0t2p2




Technical Background...

Bubble chamber invented by Don Glaser in 1952. Greater than 10°
exposures were extremely onerous — only channels with ¢ > 0.1
ubarn.

Higher energy accelerators and strong focusing magnets enabled
smaller emittance particle beams.

Fast transistors developed in the early '60s permitted compact 100
MHz electronic logic.
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1965

1966

1967

1967

Early Significant Experiments

p-p elastic scattering at large momentum transfersand

Phys. Rev. 138, B165-B172 (1965)

large-angle 11-p elastic scattering at high energies
Phys. Rev. 152, 1162-1170 (1966)

measurement of 1-p elastic scattering at 180°
Phys. Rev. 164, 1661-1671 (1967)

elastic p-p elastic scattering at 90° and proton structure
Phys. Rev 159, 1138-1149 (1967)

1, K, and 5 production in the C-M in high energy p-p collisions
Phys. Rev. 166, 1353-1364 (1968)
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Some parameters of the AGS p — p elastic scattering
experiment

10" protons on internal target, ~100 multiple traversals permit ~10 cm path
length in CH,

L ~103% cm2 s (Tevatron ~ 1032 cm=2 s1)
IL dt ~ 1040 cm-2 (one day)

Lowest cross section: do/dQ_, = 1.1 x 10-36 cm? sr-*

dQ_, ~ 3 x 103 sr = Lowest number of events ~ 25



normalized do/dQ_, vs. t
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PROTON-PROTON SCATTERING AND STRONG INTERACTIONS*

Alan D. Krisch?
Laboratory of Nuclear Studies, Cornell University, Ithaca, New York

(Received 5 June 1963; revised manuscript received 9 August 1963)

There has recently been considerable interest 'y
in the high-energy differential cross section of 'Q.
strongly interacting particles. We will show 16 ~‘.‘
that for proton-proton scattering the existing 2 a\
data can be fit by a simple function which can Lo
be understood in terms of a simple model. %
We consider the differential cross section for oF %,
elastic proton-proton scattering, which is nor- \,
. . -4
malized according to 10 39}4<
do/dt do/ds T s 43{{4 fes
X(S Py t) = = ’ (1) m“ | - 4
opt opt L 51f \$32
do/dt] do/dS | x
t= 0 6= O -6 I54
where do/dQg _ o°Pt = k20,042/16 7, AN
10"} 25’51\145
16°F
Exponential fit:
2 2 o’k
2 -ap -5p 2h
X (s, pf)=Ae " + Be 7™ ‘
~10 1 1 1 1 |
10
0 u 2 3 5 6 7
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F1c. 3. Layout for Geometry 1. Several different magnet positions
were used to obtain different regions of scattering angle.

T-p elastic scattering at high energies
(8 — 12 GeV/c)
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F1c. 4. Layout for Geometry 2 which was used for scattering angles
up to 81° in the center-of-mass system.

PION BEAM

‘,F’ION BEAM (NEGATIVE)

R — 227
o \\\@
PROTONS .

{POSITIVE)

Fic. 5. Layout for Geometry 3 which was used for scattering

angles near 180°.
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Last Quad in 17° Beam

T - p backward elastic scattering

(1.6 — 5.3 GeV/c)

7 Collimator

B

P Collimator

T Magnet

F,=3.6 — 53 GeV/c
P=25—35 GeV/c

/
é B, H Target

g4

7,

P Magnet

s 4R 15 24 GeV/e

e S
| \‘;\\\i\-\__'%:

~—

1000

400

200

mJ
.| sr
TTHITH

T ~p ELASTIC SCATTERING
AT 180°

§ BERKELEY Helland et al.(160°)
¢ NIMROD Duke et al.(165°)

i THIS EXPERIMENT

1 1 igt]

i

Ly

—
&40

(=] = 3
h-1h-]

20— —

10— -

[~ =

4} -

2 -

1236 1818 1688 1924 2|9Iao 24'23 2649 2830 32'45
302 3 L3 RSN (BTHN (1 29 (35 20 (K 27) (3524 IS O
0 2 3 4 5

P (GeVv/c)



Y
7///Aa

MONITOR
TELESCOPE

T3

& CHz TARGET

_VACUUM __ Y A ZGS_EXTRACTED PROTON BEAM _ _

SN

N

£ 7S
4 & ‘fl,l

\ 2 RI?AHAE BEE_I[‘lDlNG
Z R

. “}

o 10 20 e .\
SCALE IN FEET ' T~

Fic. 3. Experimental layout; the incident protons come down the extracted beam and strike the target. The scattered protons pass
out through the magnets and scintillation counters.

elastic p-p scattering at 90° and proton structure

(5.0 -13.4 GeVi/c)
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F16. 2. Layout of the experiment. The incident protons come down the extracted beam and strike the
hydrogen target. The produced particles are detected by the spectrometer.

1, K, and B production in the C-M in high energy p-p collisions
(12.5 GeV/c)






particle production experiment fast logic and controls
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Fic. 12. Plot of d%/dQdP against P; for P, held fixed.
cross sections for =%, #—, K*, and K~ production are shown.
lines are freehand fits to the data.
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Fi6. 11, Plot of d%s/dQdP against P,? for P, held fixed. The
production cross sections for »*, 7, K*, K=, and antiprotons
are shown. The lines are straight-line fits to the data.
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