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SECONDARY-PARTICLE YIELDS AT 200 GeV

T. G. Walker
Rutherford High Energy Laboratory

July 11, 1968

SUMMARY

The predictions of the Cocconi-Koester-Perkins, Trilling and
Hagedorn-Ranft formulae are compared. It is concluded that the most
reasonable predictions to use for studying the feasibility of experiments
are the Hagedorn-Ranft yields.

. + _+ — +

Yields of v, K, p, p, /A, and = for 200-GeV proton-proton
collisions at angles up to 45 mrad are plotted. The reduction in yields
expected from targets other than hydrogen requires further study.

Which Formula ?

Estimates of secondary -particle yields have been made by Cocconi,
Koester, and Perkinsi (CKP), Trilling, 2 and Hagedorn and Ranf’c3 (HR).
Koester4 in a report to the NAL 1967 Summer Study compared these
models and recommended the use of the CKP formula. One of the prin-
cipal reasons for this choice was the need for a computer to calculate
the Hagedorn-Ranft spectra. Data are now available for 200-GeV incident
protons, and it is, therefore, worth reconsidering which formula to use.

Does It Matter ?

1. The CKP formula for pions is based on systematics observed
in cosmic -ray data and on 30-GeV data. It makes no distinction between
5
pions of different charge. At the CERN 300-GeV study, it was recom-

mended that for experimental fluxes, the following prescription should
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be used. For
+
™ use 2 X CKP to take into account
™ use 1/2 X CKP observed differences
K use 1/10 X CKP in v yields,

where CKP is the mean = flux according to the CKP formula. This de-
cision was based upon yields integrated over the whole angular range.
The integrated CKP yields are the more conservative.

2. The Trilling formula is based on a semi-empirical model in
which high-momentum secondaries arise from isobar decay and low-
momentum particles come from an evaporation process. Cocconi
criticizes this formula on the grounds of lack of constancy of the
transverse momentum distribution. The predicted yields differ ap-
preciably at most momenta from CKP. CERN recommended the use of
the Trilling yields for shielding calculations because of the high yields
for high-momentum secondaries.

3. The model of Hagedorn and Ranft is based on a combination of
thermodynamics of strong interactions at high energies and some simple
kinematical considerations. The only published criticism of the model
or its predictions is concerned with the Tr+ yields. The authors them-
selves point out that the Tr+ inelasticities which are predicted are higher
than those indicated by cosmic -ray results. The HR predictions for ail
particles fit the 30-GeV data very well, and the model does not require
the extrapolation of empirical fits to existing data to get 200-GeV yields.

It is not the purpose of this note to evaluate the validity of these

models. All fit the existing data reasonably well. Because of the
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greater physics input and lesser dependence on curve fitting to existing
(and inadequate) data the HR predictions are strongly favored. Here
we shall compare the predictions themselves rather than the manner in
which they are made. We shall see that the HR yields are generally
lower than or comparable to the other yields in the momentum and angu-
lar ranges which are relevant for the charged-particle beams presently
under discussion, and it is on these grounds that it is recommended that
HR yields be used for beam fluxes.
' Yields

It is not envisaged that secondary beams of momentum greater than
150 GeV/c will be constructed when the accelerator is running at 200
GeV. It would probably be more economical to increase the energy of
the accelerator for experiments in the momentum range 150 to 190
GeV/c. Consequently, Hagedorn and Ranft's self-criticism of the high-
momentum part of the 1r+ spectrum .iS8 not relevant to present beam
design. Apart from ’ghe dip for low momentum in the Trilling predic -
tions, HR and Trilling are in good agreement in the momentum range,
0 < p < 150 GeV/c, and angular range, 0 < 6 < 45 mrads. At low
momenta the CKP yields are significantly greater than HR.

The HR yields for 1T+ at 0 and 10 mrads are compared with CKP
and Trilling on the upper part of Fig. 1 and with 2 X CKP on the lower
part. If the only basis for deciding which formula to choose were con-

servatism, then the choice would be the HR yields.
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n Yields

A comparison of HR, Trilling, CKP and 1/2 CKP (CERN recipe)
is made for the 7 yields at 0° on Fig. 2. It certainly matters for ™
which formula is used. The HR yields are again the lowest of the four
and not too different from 1/2 X CKP. It should be noted that the pre-
dicted inelasticities for = on the HR model agree with cosmic-ray data.
The HR yields would again appear a reasonable choice.
K’ Yields

The CERN recipe of 1/10 X CKP and HR are within a factor of two
at 0° and at larger angles and lower momenta (Fig. 3). The greater
disagreement for larger angles and momenta is not relevant to realistic

beam design.

Proton Yields

No predictions are available for protons using the CKP formula.
The HR and Trilling formula agree very well except at 0° where HR is
a factor of two higher than Trilling (Fig. 4). The nucleon multiplicity
predicted by the HR model is smaller than obtained in cosmic -ray

measurements and the HR yields may be considered as lower limits.

Particle-Yield Estimates for NAL Beams

It is recommended that the HR yields be adopted for beam-flux

estimations for the following reasons:

1, There is no criticism leveled at the HR predictions in the

angular and momentum intervals of interest.
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2. In most cases, the HR yields are comparable or lower and
are, therefore, safer to use for studying the feasibility of experiments.
3. The HR model makes predictions over a much wider range of
secondary particles,
Figures 5-12 show the HR predictions for wi, Ki, p, P, /A, and
Z+ for 200-GeV proton-proton collisions. Tabulated computer data are
available for secondary momenta up to 200 GeV/c and angles up to 45
mrads.
Some interesting features of the data are:
(i) Significant yields of long-lived hyperons are available (Figs. 11
and 12).
(ii) For most beams non-zero degree production is just about as
good as 0° for yields. The variation of Tr:t yields dZN/dde
are plotted in Fig. 13 as a function of production angle. Fig. 14
shows the variation of d°N/dpdd with 6 for =" of 50 and 100
GeVl/ec.

(iii) The contamination of unwanted particles in unseparated beams
can be estimated. For example, at 10 mrads the 7 /K ratio
varies in the range 6-9 for momenta between 25 and 100 GeV/c.
At 25 GeV/c the p/'n'+ ratio is 1/15 but rises to 4/1 at 100 GeV/c.
The v /K ratio is about 10/1 between 25 and 100 GeV/c, and

the p/= ratio about 1/40,

Further Studhi'esl

The HR yields are for proton-proton collisions. Secondary beams,
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however, are produced from nuclei., Only the Trilling formula makes a
distinction between target nuclei. The 1r+ yields for p-p and p-Be are
compared on Fig. 15. There is a reduction in yields varying between
1.0 and 2.0 by using a beryllium target. This reduction is due to the
absorption of secondaries in the target and is based on observations
using 30 GeV for protons. The reduction in yields when using a heavy

target is worthy of further attention.
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Fig. 1. 1T+ yields at 0°and 10 mrad for 200-GeV proton-proton collisions
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Fig. 2. n yields at 0° for 200-GeV p-p collisions according to CKP, Trilling, and HR.
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Fig. 3. K yields at 0° and 15 mrad for 200-GeV p-p collisions ac-
cording to 1/10 CKP and HR.
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Fig. 6. w yields according to HR, as a function of production angle
200 GeV p-p production
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Fieg. 7. K vields (HR) as a function of production angle. 200 GeV p-p




-15- TM-116
2060
_ I _
1.0 —
c | -
S
e
a 0.l —
o ~ =
= - .
= B _
m = -
@ e p—
<
o N _
W Omr
o 0.0l 5 —
- - mr -
o - m
H N IOmr _
- - I5mr —
a _ 20 i
\r
Z m _ o5 ‘ -
N mr
5|2 " )
0.00l— mr —— —
— 35 — ]
= mr —
B 20 _
B mr .
e L.m -
mr
| | |
0] 40 80 120 160 200

K~ Momentum GeV/c

Fig. 8. K yields (HR) as a function of production angle. 200 GeV p-p

production



-16- TM-116
2060
| 1 { 1
100 =
- Omr .
: - —
2 Smr
2 10E —]
o - .
o o .
£ F .
= _ -
o = -
ko)
: p— a—
- IOmr
L o _
> “E =
(3] - -
2 : I5mr :
7))
; e -
o
20
o
4V - 3
olg F .
- 25 ]
= mr -
- 30 -
C mr \‘ )
, 35
= 40 E
. mr -
T i
| ] ] |
.00l 20 80 100 160 200
Proton Momentum GeV/c
Fig. 9. Proton yields (HR) as a function of production angle. 200 GeV

p-p production



-17- T™™M-116
2060
| | | I
0 —
_ -
2 : -
o
o =2
o 10— —
£ — .
*6 - —
E = .
‘.d_J = -
E . -
(&
~ - -
>
® -3
e 10 —
2 C -
N - _
5 | -
a —
z|G
~ n _
o5
10 — -
|55 | | | |
40 80 120 160 200

P Momentum GeV/c

Tis. 10. Antiproton vields (HR) as a function of production angle.



d2N
dpdfl

per Ster GeV/c Interacting Proton

6| 6| ' -
N - (@)

oV

9/ A9 WNJUBWON Y
o2l 08
i

09I

002

O
|

D
30

0907?
9171-IN.L

_8;_



d2N
dpdQ)

per Ster.GeV/c Interacting Proton

61 | .
N —_ O

0} %
l

9/A99 wnjuswon I
or4 08
|

09l
T

| |||1|||| | |||||u|

-6]’[-

Lottt

002



-20- TM-116
2060

T+
24 GeV/c

10

24 GeV/c

o

Tt
50 GeV/c

N per Ster. GeV/c Interacting Proton

42
pd &)

d
o

Tt
1I00GeV /¢

-
I00GeV/c

_ _ _
o.o_o 5 10 IS 20 25

Production Angle mrad

Fig. 13. Total vields at 25, 50, 100 GeV/c as a function of production
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Fig. 14(a). m yields per unit angle at 50 GeV/c as a function of

production angle.
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Fig. 14(b). ﬂn_u production yields per unit angle at 100 GeV/c, as a
function of production angle.
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