Lawrence Berkeley National Laboratory
Recent Work

Title
POSITIVE PHOTOPION PRODUCTION FROM HYDROGEN WEAR THRESH-HOLD

Permalink
https://escholarship.org/uc/item/Ovp1s9bd

Authors

McPherson, Donald A.
Gates, Duane C.
Kenney, Robert W.

Publication Date
1964-06-22

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/0vp1s9bc
https://escholarship.org/uc/item/0vp1s9bc#author
https://escholarship.org
http://www.cdlib.org/

UCRL-11525

University of California

Ernest O. Lawrence
Radiation Laboratory

POSITIVE PHOTOPION PRODUCTION FROM
HYDROGEN NEAR THRESHOLD

a8 )
TWO-WEEK LOAN COPY
This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 5545
N\ J

Berkeley, California



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.



McPherson, Duane’G. Gates, ,Robert W_-.".__?Kénney,"
et and Wﬂham P Swanson ' LT e




“ . h -

\Lawrence Rad1at1on Laboratory
'. Un1vers1ty of Cahforma’ :

ABSTRACT
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f.D1fferent1a1 cross sectlons for photopmn productmn from protons
were measured for 32 photorx energ1es from 154 to 185 MeV w1th the Alvarez

; bremsstrahlung C
L 4-1n. hquxd hydrogen bubble chamber in the/beam of the erkeley electron SN

-__: synchrotron. H1gh photon 1ntens1t1es of 1. 5)(:10'7 MeV/pulse were used by

colhmatmg the beam down to a narrow "rlbbon” wh1ch was v1ewed on edge by

" the camera.-' Although the pxon or1g1ns were obscured by the heavy electron ',: v o
background the remamder of the w track was v131b1e for most events. Of

5000 -rr-p. decays seen, 3400 were deemed sultable for calculat1ons. : ,. “‘ -

N v

The results are in excellent agreement w1th the theoret1cal calculat1ons

bY Ball, Who apphed the Mandelstam representatlon to the PI'oCess,__.- The .j N & S

.4-'

measured values of the square of the matr1x element, averaged over €. m..

angles, are

photon energy 156 - 160' 165

: (MeV)
l-lb/sr :

All data are subJect to an add1tlona1 correlated error of 4 1% because of the
v.-'_‘uncertamty in the beam normal1zat10n. . The cross sectlon for the process 1s
"_-Zthe product of the square of the matrlx element t1mes the kmema’clc factor e

p /k*, _where p and k* are the c. m. momentum of the p1on and the photon. L

(s T
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L ‘INTRODUCTION"’ o '=, R N

. The theory of photopmn production mvolves the least uncertaxnty

at energtes near threshold : where comparlsonls of theory‘ . | T

vfland expenment’- mvolve the 1nteractxons in'a relatwely simple way. ~There S
1s an. 1nt1mate ccnnectlon between threshold photopmn productmn and other B
expe r1mental quant1t1es of the 1ow—-energy p1on—nuc1eon system wh1ch have
'tbecome ‘known qu1te accurately in recent years. 1 'I‘hese phenomena form a
;}"closed system that gives some hope of ”complete” understandmg, 1f enough
attentlon is d1rected toward the outstandmg problems. The top1c has becomet'
”even more mterestmg since reahzatlon of the possxb111ty of detectmg
%..contnbutlons from the two- ‘and th_ree-,plon're sonances,. and determmat;on of. .‘ N -

i
L
3

“new couphng constants. o Sl
AR " S

Current theoret1ca1.\>rv'ork in photoplon productlon. 1s based upon ;‘
o dispersmn relat1ons.l A ser1e\s of papers is discussed to. summar1ze the 'ﬂ.;“ ' _

.iprogress of this theory. 1'.'6 In 1957, Chew and Low evaluated the photo- o
'-‘productmn amphtude to order 1/M (where M nucleon mass), ,assummg a N

-;.'nonrelat1v1st1c Yukawa 1nteract10n between the plon and nucleon and the . _. ';:f y
'S;dvommance of tlie 3 3 rvesonance in. f1nal state scattermg. 1 Chew, Go1dberger,"l‘ R
[Low, and Nambu (CGLN) generahzed th1s treatment by formlng Lotentz-i L
o ‘and’ gauge-mvanant amphtudes expressed in terms of f1xed—-momentum-'x o

,fitransfer d1sper31on relatlons. 2 Fmally Ball3 extended the CGLN formahsm,

'_:uslng the double spectral representatlon of Mandelstam.

Chew and Low f1rst calculated the amphtudes nonrelat1v1st1cally

by usmg the mteractmn Ham1lton1an

:=-f3-'Adr.

c3

neg11g1ble. The current J 1s broken mto a sum

P : 7 B




‘has 1sosp1n 1/2 and ‘part'has 1sosp1n 3/2 '

4 PO

electr1c dlpole mto an s-wave fmal state.v At threshold th1s is the only '.

¥

A evaluat1on of the d1sperS1on relatmns, further assumptlons are made - 1n

- e
‘ . v 5 X

partlcular, that the 3/2 3/2. resonance ”exhausts" the d1spers1on 1ntegrals.(

L'I‘he results are expres51ons, expanded to order 1/M that contam the re-* '

' N Ar~”'.

partlcula rl

£

e,
K , I

o The generahzatlon by CGLN led to a cross sectlon 81m11ar 1n




anomalous magnet1c-moment electrlc —-d1pole term. The fmal state scattermg

contr1but1ons in. the s-wave electr1c -dlpole productmn were still excluded

'I‘he CGLN approach gwes an amphtude for the reactxon - '_

, _':where e is the electromc charge, f the renormahzed p1on couplmg constant, .

!I'

o and w the meson c. m. momentum and total energy, M the nucleon mass, ;

;’d;', the 'nucleon spm operator, ~k and €. the photon'c. m. momentum and; o 5,1;'_,’,
polarlzatlon vector, and g and g, the full proton and. neutron magnetlc S
» moments._: The leadmg term w1th1n the first bracketsas a Born term that may -

f‘he 1nterpreted as ar1s1ng from the requlrements of gauge invariance. The : »f‘i: ot

-

second brackets conta1n a Born term varlously known as the dxrect-mteractlon

¢

term, or retardat1on term, and is completely analogous in form to. the

express1on for the ord1nary photoelectrlc effect. Because these terms are

_;:falmost classmal 1n or1g1n, their 1mportance here supports COnf1dence in these

results.' The second term in the f1rst brackets is’ a Born term ar1smg from

w

'*the photon mteractmn w1th the nucleon magnetlc moments, and N( ) 1s a term_ ‘
f;_zbeliéved to 'be ; '555311,v |
The complete CGLN amphtude for reactlon (1) has been*e'*\'raluated.{g

,i,:Robmson,.,4 in part1cular, assumed N( -) to be zero, and the small p—wave

s

phase sh1fts to be ngen by effectlve range formulas. He tabulated h1s

calculatmns for photon energles from threshold to 450 MeV The cross

1




productlon amphtudes, v and 1ncorporated the parameter A of Wong, 10 wh1chv
.> & ~>,. ', _l-: 'X

b

. 1nc1dent photon. :.« The correct1on to the T ;a.mphtude amounts to the add1t1on-

5
3

.,
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are representatmns of a smgle set of funct1ons that can bev expressed 1n L
terms of the two d1men51ona1 Mandelstam representatxon.v By v1rtue of this
common representatmn, there are contr1but1ons to the channel y + N - + N
from the other two channels. Accordmg to Chew, these contrrbutmns are’
tvdommated by the 1ntermed1ate states of lowest energy. For _mstance, the’ v. - §
§ reactlon Y + - N + N 1s cons1dered in the form - o | | _ |
L Y+1r—>1r+1r'*N +N I :(4»)-“'
where the W system is the 1ntermed1ate s.tate w1th the lowest energy.
Wong has stud1ed the y + T -n' + R problem ‘and concludes that at low energy,k _‘
the magor contrlbution comes from magnetlc dipole productmn into the state
1 _=‘ 1, I= 'l,_where £ and _I are orbital angular momentumvand 1sot0plc '
' ':‘v'spin. 1_0 ' Because he had to neglect inelastic processes,' Wong ohtained a ‘l
- homogeneous integral equatmn for this magnetlc —dlpole amphtude M1 whlch

requ1red him to 1ntroduce a mult1phcat1ve constant A. Usmg the pole

g approx1mat1on of Chew and Mandelstam, Wong expressed My in "one-pole" , |

' a.nd "‘two-pole” formulas.- The v"one-pole".form_ula. is

B Mi( )' '((g';g)) i) (——)— M (1 =A, By
;';;: Where s is the center- of-mass energy, and D ( ~a) /D (s) is the plon forrn |

‘ factor obtamed by Frazer and Fulco. 7‘ The parameter (-a) is. the locatlon-of .,
| ' the effectlve pole on the real ax1s, and is g1ven by Wong a.s | va = ,5,7(,' (f,:c = hp. -_— 1)_
Frazer and Fulco have studied the remammg process, ™+ 'n‘ - N + N S
: Usmg a one- pole approx1mat10n, they were able to express the amphtude in
' exphc1t form. | | | | o | | |
| By comb1n1ng these results, Ball vyvas able to calculate the .
SR ." Contr1but10ns from the y +w—>N+ N channel In add1t10n he was able to
1 '.} aV01d the 1/M expansmn used by CGLN howeVer, he d1d not 1nc1ude the |

g secondary scattermg effects in the S - wave state. , If M' 1s the amphtude Lo

L
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The se re sults

ey 1 5:!: 0 5 was requ1red to f1t fhen‘

et T

. "“1,«4‘-~

p01nt to the conclusmn tha.t the theory 1nc1ud1ng
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The present work was undertaken in order to te st the theory by

rneasurmg more accurately the dlfferentlal cross section for the reactlon

y +p - 1r +n very near threshold. The systemat1c uncerta1nt1es in these e

o observatlons, taken ina hydrogen bubble chamber, are qu:.te different from "
R those of other techmques, using counters or plates. Our measurements are -
’ :.‘.treduced to the energy-dependent matrix element for the- reaction_under

; study, and a value for A is found.

II. EXPERIMENTAL TECHNIQ UE

»

In thls exper1ment 180000 photographs were taken of 1nteractlons

-in the 4 -in, l1qu1d hydrogen bubble chamber 51tuated in the bremsstrahlung

o .‘beam of the Berkeley. electron synchrotron. The accelerator was operated

- -at 189.1 MeV, Acceptable 'photoproduction events were restricted to photons.

b

iin the interval 453 to 186 MeV

The photon beam 1nc1dent upon the bubble chamber had a thm

v r1bbon11ke rectangular cross section wh1ch was approxxmately unlformly

%

. *1ntense. The camera v1ewed thlS "rlbbon” beam edge on. - The beam 1ntensxty
‘was hlgh enough to mask a str1p along the center portmn of the chamber W1th C

.a r1bbon of bubbles created by the large number of electrons produced in the P

forward d1rect1on. "’ '

The beam intensity was llmlted to 1. 5)(1.0'7 MeV/pulse by our

tolerance for electron background outside the beam volurne. Thls 1nten51ty -

was, however, 15 times that used in prev1ous bubble chamber threshold

photoproductlon exper1ments. 16 M111er and Hill or1g1nated this techmque. 17 -

o

Flgure 1is a photograph of a m= l* decay in a 11qu1d hydrogen

: chamber, - The uncertainty in the or1g1n of thlS p1on is only the half—w1dth

of the beam, 0 20 cm. » For a 5~MeV plon at 90 deg, th1s corresponds to an ‘

uncertamty of * 0,4 MeV kmet1c energy, or an uncertamty of 0.6 MeV in . L

laboratorymsystem photon energy. - el :, R 2 BNy z o

Y
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A vacuum plpe, coupled drrectly to the

T
.

5‘,-

so tha.t electrons from 1ts entrance wmdow, as well as from the sht colhmator, '

¢ e
R - i . . - ,,, ,._‘.

,;»were also swept from the beam, allowmg the pure photon beam to traverse‘lv

’ LA d . - |~

the entrance wmdow of the bubble chamber.' The wmdow was a 7 5-m11 fllm'

B .
ERCE, ¥
.-

.of Mylar, and the electron background 1t produced was not obtrus1ve. - The N

[

P "'t‘,

"sme of the photon beam prof11e 1n' the chamber was O 37><1 7 cm._

'4,..

b
; v». R B R B 3¢-' ot a e

'»""“The chamber repetztlon perlod was 6 sec, whlch afforded suff1c1ent

‘ t1me between pulses for stable operat1on. _ Pre expansmn temperature and

,\_ : ) . - 2]

.pressure were 29 5°K and 115 p51a. : The hydrogen den31ty was. O 0552 g/cm'

. r ~

operated so that the 1omzat10n of smgle relat1v1st1c electrons gave a very

K B
i, A R . - i3 3 o e

L

The fllm was scanned three t1mes by a group of seven people usmg .

N N i . A -t - g

'!tster'eo,,s‘cannirig"devices’.-, It 1s obvmus from Flg. 1 that scanmng eff1c1ency _

e

H - . e N . g €5
‘ " ’

L w
"

R close to the beam was below average. HoweVer, the overall scannmg eff1c1ency

. LA L M
. . x 2 . - .:ee', L P -, W LR

of three scans was greater than'

99% in all regmns of the chamber farther than




o scatter1ng effects. Because the origins of the events were obscured there

'."w_‘_1n ‘the‘lab‘frame ofé,reference is 2 deg.
T . oo .

- LiH transmiSsion, 0.542 % 0,006; S

“9- o .UCRL-MSZS-
| The events were measured on a d1g1t1aed Aapparatus to determme
"‘-)-}:vrange of the ™o | :: ', C ;'-- ‘ " |
angle of the w W1th respect to the beam, 6,
‘_ f_rmuoln range,. - | B
~ahgle bet.\reen the 'p. .and th:e 1r,

.. location of the event in the chamber.

- L

"":;’Items a and b are used to calculate the k1nemat1cs of the bhotoproductlon.
Item c is used to determxne the dens1ty of the hqmd hydrogen from range-— |

" energy rela’clons. The last two are used to calculate the probablhty» of see1ng
= and 1dent1fy1ng an event. The pion kinetic energy‘,_ T'n" was deterrrnned from

N »the range‘—e’nergy relatlon.

In T_=3.056+ 0.548 1n R ; R;give‘n in g/cmz.

The rms errors of the measured plon angle. mclude mult1ple- =

s -

"“A-"J.s an 1nherent uncertamty in a p1on track 1ength of more than one -half the -
:‘_'w1dth of the photon beam p_rofile. This constitutes an error on the order-of

- 1 MéeV in photon energy. Actual 'rr1easuring errors also contribute about 1 MeV.

i

o 'error, s0 the energy resolution is between 1and 2 MeV The angular resolutxon'_-"'

IV PHOTON BEAM NORMALIZATION

In. order to calculate the photon flux that passed through the

”\chamber the following parameters were requ1red o

Peak .energy, 189, 1&3 7 MeV o e , o

LiH in-out ratio, 0.484+0,007; -

' Cornell chamber response, (3. 8_3v’:l: 0.12) X 1018 MeY/co_ulornb.'



s

the synchrotron beam w1th a th1n-walled 1on1zat1on charnber placed in front

‘.n_ . iy .

¥ .
by N . PN

The bremsstrahlung spectrum was calculated from the bremsstrahlung
e cross sect1on of Olsen and Maxnnon. 20, ,21 Multlple scattermg of electrons :
m the target was accounted for by a method s1m11ar to that of Hlsdal 22 :

_.Other synchrotron target correctlons were made accordmg to the method of ‘ ,

oo . N % : c
23 PR
W1lson. The rectangular shape of the colhmator was accounted for 1n the\ -
e
T
V RESULTS - ' T
T e laboratory g
: _ 'I‘he d1fferent1al cross sectlon for/photon energy k and <
P 1. . events seen in region r in AKAQ® " e
-, scanning efficiency in region r ;
, where 'n(k) is the total photon flux per MeV and Eff(k 9) 1s the geometncal T
Teo chamber eff1c1ency : Notlce that allowance is’ made for uneven scanmng =
: . _'effxcxenmes by_ s’umrnrng over var}_ous ,r_eglon's in the -chamber._ S
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'I_'helc':hamber efficiency is the r_atio of the pion solid angle ‘in the -
N ' chamber in which an event couid be identiﬁed to the total pion solid angle |

in which the event could be produced in the chamber. _ For this calcula.tion : .".
ff‘.v’r'.‘the bearn reg‘ion is vconsidered.as ~'thou.g}'i enclo'vsed between 't'v_Vo v'eiightly :
diverging planés at an angle of 8 deg to each other. The fiducial volume

.' ex'cludes the wedge-shaped 'beam.. 1t Was required 'that‘each acceptable -

' event have its w-p vertex mth1n the fiducial volume and have 11:s muon o
_-'1: 'Lp051t1ve1y 1dent1f1ed | | | » |

‘ >
An essential comphcatmn must be considered. The latltude :

f ia.vllowed in operating temperature of the bubble chamber was appro:’cimatelp
L : "_':i:‘i% If the temperature dropped more than 1%, the plons did not 1eave
. satlsfactorlly dense tracks, and 1f the ternperature rose more than 4%, " o
A' ‘:.‘_.p'the background obscured a large portlon of the chamber. .‘ Therefore the f11i:n
' *'i":was classified accordmg to the appearance of the background near the beam.
F "'.These clasks1f1cat10ns were: : |
Type 0, . Chamber vinvsensitive (cold).
R Ty_pe 1. Obscuring background within two diverging planes - E
i a .:‘ 6.93 cm apart at center of chamber.r |
TypeZ .Sarne as’vtType 1 except with a 1. -98-c'm. separat’ion. . '
" ";Type‘ 3‘ tSame as Type 1 except with a 3 40 cm separatmn, N

The separatmn for Type 1 was so chosen that 155- MeV events could

;',:«_be 1nc1uded in. the analysls. Type 3 was set so that there was no not1ceab1e

a o . : f}_‘drop in the dlstrlbutlon of muon origins outs1de the beam region for any type

. was of Type 2 and only a few percent was of Type 3

"

of f11m. Type 2 was estabhshed arbztranly at some 1ntermed1ate p051t10n. L e

_:Of the usable film (Types 1 2 and 3), two—thlrds was of Type 1, one-thlrd R



rTh ﬁlm'was claasified on the appearance of

#

Ak muet bev eubdwided into the number that traversed the chamber for picfﬁr

5 . . o d
events seen in reglon r in AQ*Ak
ecannmg eff1c1ency in regxon r

r=4 . :

p_rofohs

cm

the actual pion distribution'or the diatrlbution predicted I;y geometrical

LT S A
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- 'ava1lable events, 3400 were w1th1n these angular 11m1ts and were usable o
)"7_} »for further calculatmns. S } “

| . F1gure 3 is the angular d1str1but10n at 164 MeéV. + The ordinate =
; is the d1fferent1al cross section rnult1p11ed by the k1nemat1c factor k /p ’ ‘v S
where k and p* ‘are the/;h:tlon .and p1on momenta. F1gure 3is typlcal of

the angular d1str1but10n and is cons1stent w1th an 1sotrop1c d1str1but10n in

‘ the center of mass. _

In the appropnate averag1ng process over plon angles, Eq. A7) A
becomes Lo - -' - o e L R
. n(k, r)

< > . scan efficiency in regmn r . ) L _
| —— ’:’ (8)
‘ protons/cm ) i 7.4,i /Effi(k, 6) a™ IR

’where i is the film classiﬁcation,' o r is the scannmg reglon, and

n(k, r) is the number of events in region r within the accep’cable angular '

3 range, produced by photons in the energy range Ak.

The results are hsted in Table I and are plotted in- Flg 4, wh1ch

‘e

shows the average matr1x element squared versus lab photon energy As L

o di before, ‘the ordmates are the actual cross sectlons rnult1p11ed by the " .t
» ,kmematm factor k /p o The solld |

: Tl Ll «11ne in, Flg. 4 is the theoretlcal cross sect1on calculated by Ball w1th A 0

« The two dashed lines represent the cross sectlon wrthA = :t 1.8 e, Wthh

are con51dered to be the largest reasonable 11m1ts for A, consmtent w1th the'v

N ‘ :
o oo experlmen’c. Prevmus experlmental pomts are mcluded as noted on the

. figure, G

The standard dev1at1ons quoted in _’I‘able 1 and Flgs. 3 and 4 are.

e .. counting errors _only. In add1t10n, there is a correlated beam normahzatmn

“error. . 'In Sec. IV, four parameters.were used to no‘rmahze the beam, L




ey

Thas nO rmahzatlon

T~ . . %

o

1'-”-The product IM I k

measurmg some partlcular IMkl i's"-giv’e'r_il'by




. relative normalization error (4.1%, glven above)._ Thus the error on A

. . is dueto the normalization error only, and we have ‘

used mv.cal_culatrng ‘the theoretical cros_s section.’

(i+ 0074:A

IMkI

where the matnx element M" 12 for the photopion production 'without S

a b1p10n correctlon is glven by Ball.‘ Using the My 12 and knowmg the S L

probablhty P(IM l k‘)' we can calculate the most probable A from

wh1ch glves A= 0 931, The sum over k is the sum over all energy b1ns. :

. in . -
The effect of the countlng statrstms on the error/A is negllglble,

“since “335'1 events were used. The absolute error on 0. 074 A/e is the . t\ |

“at
)

A= (+0.931%0. 59)e.

Further 1mprovement in. beam ca11brat10n techn1ques w111 permlt

‘._,;the error on A to be decreased Ball notes that the value of A 1s also

o vaffected by error in the plon—nucleon couplmg constant fz 0 08 Wthh he

e

AR O SR ERU

;15-.:;" o UCRL-11525 -
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.











