Lawrence Berkeley National Laboratory
Recent Work

Title
BACKWARD ELASTIC it+p SCATTERING AT 3.7 and 7.1 GeV/c

Permalink
https://escholarship.org/uc/item/9n92919j

Author
Michael, W.

Publication Date
1975-04-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/9n92919j
https://escholarship.org
http://www.cdlib.org/

Ou  Jd3uoas iy g

Submitted to Physical Review Letters L.BL-3809
Preprint C.

BACKWARD ELASTIC ntp SCATTERING AT 3.7 AND 7.1 GeV /c

W. Michael, G. S. Abrams, M. Alston-Garnjost,
A. Barbaro-Galtieri, B. Y. Daugeras, G. Gidal, A. D. Johnson,
G. R. Lynch, F. T. Solmitz, and F. C. Winkelmann

April 10, 1975

Prepared for the U. S. Energy Research and
Development Administration under Contract W-7405-ENG-48

e | B

For Reference

\_ ;

Not to be taken from this rooin )

\

608¢-T19d1

7



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not nccessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



003043035584

LBL - 3809

Backward Elastic ﬂ+p,Scattéring at 3.7 and 7.1 GeV/c*
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Abstract

The differential cross section of wtp elastic scattering has been measured in two
high-statistics bubb]e»chamber exposures at laboratory beam momenta of 3.7 and

7.1 GeV/cL, A new feature suggested by these data is a dip in do/du at -u = 3 GeVZ2.
This'dip corresponds well to the third iero of Jo(/=u"). No dip is observed near
-t = 3 in the 7.1 GeV/c data sample. The effective u-channel Regge trajectory |

computed for these two energies has a slope of 0.22 + 0.26.



Some 189 000 events of w'p elastic scattering have been observed in:the SLAC
'82-inch hydrogen bubble chamber exposed to m" beams of momentum 3.7 and 7.1
GeV/c. At 3.7 GeV/c, 50 000 events have been obta1ned from 550 000 pictures
having a sensitivity of 14 events/ub, while at 7.1 GeV/c, 139 000 events have
been obtained from 700 000 pictures having a sensitivity of 43 events/ub (1).
The overall statistical level of this experiment thus approaches that typi-
cally attained using counter apparatus. Furthermore, the acceptance of the
bubble chamber is esséntially flat for values of the momentum transfer -
squared greater than about 0.07 (2), while background is negTigib]e in the
four-constraint fit category of elastic scattering (both relevant consider-
ations in observing structure in the differential cross section){ A further
important feature of this experiment is the significant spread'in beam mom-
mentum about the two nominal values. The full-width-at-half-maximum of the
beam distribution is about 110 and 260 MeV/c respectively at 3.7 and 7.1
GeV/c, while the precision with which the momentum of an individual beam
track is known is about 0.5%; i.e., about 18 and 35 MeV/c respectively (3). .

The kinematics of the experiment are displayed in Fig. 1 in. terms of the
conventional Mandelstam variables s, t; and u, with lines of constant u
sloping at 45°. It is appareht from this figure that because of the spread'in
s, a structure (dip) at constant u will be Tess well defined in a projection
~on t, and conversely for é structure at constant ¢t. Fig. 2 shows the djffer-
ential cross section in terms of ¢t and u for the full range of each variable.
Note that the effect of the spread in s is to cause the cross section to
appear to turn over at the upper limit in each projection, and, in particular,
the backward peak and dip (at -u = 0.15) are not visible in the t-projection.
This effect should be kept in mind when examining previous data, as discussed

further below.

Fig. 2 shows a dip in the 3.7 GeV/c data at -t = -y = 3. In the 7.1 GeV/c
data, a similar dip occurs at -u = 3, which corresponds to -t = 10. Further-
more, there 1is no signiffcant dip near -t = 3. Inspection of Fig. 1 suggests
that the simplest interpretation of these observations is in terms of a fixed-
u feature (zero) of the amplitude [or a fixed-u' feature (*)]. For greater



“clarity, the region —u < 6 is shown in Fig. 3. The shape of the two distri-
~ butions is quite similar for ~u < 3. The backward peak and well-known dib
at -u = 0.15 are evident at both energies. The dip at -u = 3 is the absolute
~ minimum of the‘cross section in both cases. The poéition of this dip is
shifted downwakd by about 0.3 from the lower to the higher enekgy.

A determination of wN scattering amplitudes is, of course, not possible with
~a measurement of only do(m*p + w*p)/du. However, some qualitative observations

can be made; viz.:
4

(a) The observed dip at -u = -u' = 3 corresponds well to the third zero of
Jo (bY/=87) with b = 1 fm. The well-known dip at -u’ = 0.2 (-u = 0.15)
falls at the first zero’onyo. Thus the major structures in the data at
both -energies can be associated with zeros of Jg (which corresponds
asymptotically to the s-channel helicity-flip amplitude). These structures
are also qua]itétive]y in accord with the model of Chu and Hendry (5):
ih which dips are associated with the zeros of the rotation functions
(a-functions). Furthermoré, their model shows a zero not only in the
helicity-flip amplitude at -u = 3, but also in the non-flip amplitude at
-t = 3, and since these two points coincide at 3.7 GeV/c (see Fig. 1), _
the dip at that energy is predicted to be guite pronounted.' Zeros of the
‘hé]icity-f1ip amplitude, calculated by Buttimore and Spearman from a
phase-shift analysis, have been found to correspond to the first two
zeros of Jo in an energy region in which the third zero is inaccessible (%).
Also, over a range of lower energies, a dip at -u = 1.3 (near .the second
zero of Jg) has been repokted by Abe, et al. (7). The obéerved structures
thuS'suggest models in which absorptive effects dominate; that is, thqsé'
in which zeros of the amplitudes correspond to zeros of the Bessel functions.

- (b) The conventional N, Regge trajectory has its secohd'wrohg-signature— ‘
nonsense-zero at -u = 2.3 (%), so does not correlate well with the dip at
“u = 3. However, more complex Regge models, such as that of Donnachie:and
Thomas (®) incorporating quark re-arrangement processes, appear to be
capable of reproducing a broad minimum near -u = 3. As a further test of.
simple Regge ideas, an effective Regge trajectory has been cdmputed for



the two energies of this experiment using the standard_dependenceé

ZOLEFF(u) -2

do/du « (s - t) ,

The resulting values of a__. (u) are shown in Fig. 4. This effective

EFF _
-trajectory represents a mixture of isospin-1/2 and 3/2 in the u-channel,
but isospin-1/2 is presumed to dominate (!°). A straight-Tine fit to

the points in the range -1 < u< 0 yields the result:
Oppp (W) = (-0.55 + 0.14) + (0.22 + 0.26)u

The s1dpe obtained is consistent with zero. This slope is quite insen-
sitive to thé relative normalization of the two energies, having the
same value for relative normalizations differing by *30%. The data
points obtained by Barger, et a1. ('!) for the isospin-1/2 trajectory
are also consistent with this slope. ' '

In examining results from past experiments at neighboring energies, it was
found that experimenters either have not disp]ayed'do/du beyond -u =3, or
have aggregated the data in bins of such width that no dip is discernible
near ~u = 3 ('2). Furthermore, in this region of u, previous experiments
appear to be inconsistent among themselves with regard to both dips and the
absolute value of the cross section ('3). However, keeping in mind the kine-
matic effect illustrated in Fig. 1, plots of do/dt can_be read approximately
in terms of u, and the data of Brabson, et al. (**) at 3.5 GeV/c and those of
Eide, et al. (%) at 5 GeV/c indicate a dip at the t-value corresponding to
-u = 3, so offer corroboration of the dip observed here, while the data of |
Rust, et al. ('®) at 5 GeV/c show no significant effect in this region.

We would like to thank the scanning and support staffs of Gkoup A and the
Trilling-Goldhaber group for their effort in processing these data.
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Figure Captiohs

Mandelstam plot showing the kinematic regions'coveked by this
experiment. Note the effect of the spread in s. A portion of
the data is also displayed here.

Differential cross section with respect to t and u. The épread
in s causes the apparent turn-over at the upper limit in either
variable (see Fig. 1). ' '

do/du for -u < 6.

. ~Chew-Frautschi plot showing the effective u-channe1 Regge

trajectory for the two energies of this experiment. The
straight line has been fitted to the points in the range -

-'|<u<0.'



t (ge'vz)

- =20l

1

1 ] l A 1

A1

1 gl‘ A L ' W R T 1 W 1 »l L
10 15 20
s (GeV?)
’ xBL753-2592

Fig.

]



(mb/Gev2)

10 ‘ do },7 :GeV/c 3 do 3
| . t - . u

0|—\\ o B | A | _
?; &ﬂﬁg;_ ] %@%&

%#ﬁ*‘} | g

®
. %-.
-

00! £

PO IPET SUUTH IVETY FUUTE RV FNUNS FSUVE FUUTY FPUTY Iy

OOOI .l'....l....|...']'l....l....1....|....|....|....1....|....1....1....1.—
»

- . . . . . B
- . . . .

TTT

TGeve 1

ol L
001 F

000! |

00001 L,
-u (Gev?)

XBL753-2590

8¢ec0epo s



-10-

A AAAAAAAL ARARALAAL TreerrerT | ARASRARAL ARARRARAL ARARY JAAR
1
3.7 GeV/c -
v Py
O.l ¢ &4&‘ -
b 3
| i+

0.0l £ +

o
N
>
(3]
3 T
<
Na : .
E 0.00! Lol Gl T I STOTT TSP Livienin
) hd [ ""llll'ﬁ"‘ llllllll ‘ llllllll 'Trrv‘ """" I """"" I '''''''''
- : C ) ]
. « )
- ; 7.1 GeV/c
©
B I

0.00! |

—I—
o
R
—] |
N
3
ey

0.0ool |a|1|1|. ||||||| [FETETRETT faaagas saidlacgieriay [FTSTTRETE Lisvaaass
o | 2 3_4 5 6

-u (Gev?)
' XB8L753-259l

' Fig. 3



&2

OGUQ‘JSQ,@@;

-11-

""lllll'ATIVIVU'II'llll"l]lll‘ll'llITT]‘IYIIIIIII'VUVIIVII

2_. O(Epp=—55+22u » 7

- : oA 4

, i ON ]
,:3\. O.._ ....... R I /.:
2 - j4 { -7
s [ _- ﬂ} | -

-3}k o - - 4
“1.“.;d..“..“.|“.;“..u;.“.lg.ln..“..A..“..“
-4 -3 -2 -1 0 1 2
' u (GeV?)

[€pyov

XBL 753-744

Fig. 4




Jd d 4 S I o 90

LEGAL NOTICE
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their employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights.
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