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Ynpyroe ,- He -p~c:cesmne Ha MSnbie yrnhi npH 3,48 H 6,13. rsa/c 

I13MepeHhi AHcpcpapeliuaa~Hbie ce'leHHH · ynpyroro ,- ·
4 

He.· paccesHHR 
B oonaCTH ManhiX iJepe.!lSHHbiX Kaab.paTOB 'l9TbipeXM9jJHbiX HMnym,coB 
0,0056!>Itl!> 0,087 H O,OO~·.::;ltl''::::.0,0462 '(rsa/c)2:nPH 3,48 H 6,13 rsa/c 
COOTBeTCTBeHHO, LlaHHb!e aaan1!3Hpolian.HCb. npH I:IOMC>IIiH;TeOpHH fnay6epa, 
OnpeAeneao nonnoe ':ce'leHHe ynpyroro ,- 4He .;.pacceRHHR H. SKBHBaneHTHhiii. 
paAHYC SIApa 4 He, a TSK)f{e napa¥eTp HaKnoaa 6eccni!Hoaol! · a~nnHTYAhi 
ynpyroro ·7!. N pacceaHHsi, 

.. 

· .. 
' .. 

llpEmpHHT ofu.eromeHHoro HHCTHTyTa 2~epm:Jx. · v.CCJ!e~osw:t'l. 
,lcy6Ha, 1973 · 
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small Angle ,-4

He E~astic Scattering · 
-'f~ at 3.48.and 6.13 GeV/c 

N ~herr-4He elastic scattering differential cross 
sections were measured in the range of 'the small squared 
four-momentum transfers :of: 0 · 0056 -~ l t ·1 $. 0. 087 and 
0.0056!> lt 1 $ 0.0462 ·-:(GeV/c)~·at 3.,48 and, 6.13 GeV, res::> 
pectively. The data v1ere analysed hi -the. Glauber theory. 
The slope parameter.of the ~pin-independent differential 
cross sections of th'e rr N elastic scattering was obtained •. 
The slope parameter of-. the diffraction cone, the total 
rr- 4He elastic scat.tering cross section arid the e<;!uivalent. 
radius of the 4 He nucleus were also determined. 
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L Inrto.duction 

. 4 
In this paper the smallangle coherent 11- HP scattering 

·has . been · investi~ated at 3:48 :•and 6~13 GeV jc. The 
11 -·, 

4
He • "- t· . He:- ·process is interesting because 

'it permits to study elastic scattering· of · spinless 
particles and makes it• possible to estimate a:spin-inde
pendent part of the .TT-N :elastic· scatteJi9g • amplitude in 
the framework· of the Glauber model 11 . In the range 
of·small momentum transfers, where the single scattering 

. -Of the particle in the nucleus predominates according to 
the Glauber ·theory,· the· influence of spin- effects .upon 
the measyf.pd differential cross sections. is practically 
excluded '. · ·· 

i,, 

2. Experimental Description 

To detect "-
4 

He elastic ··scattering events, we 'used 
recoil· u '..:particles that were genera ted by pions ·in 
a ·50· x ·50 x.-15 cm 3 cloud chamber filled with helium · 
at 1.14 and 3.5 atm:and iocated in.a magnetic field. ·A pion 

··flux of 4· x 104 particles per expansion· passed through 
·the chamber. •. · 
' The chamber worked under· conditions of lower.:sensi
tivity. Use was made of the fact that low.:. energy recoil 

• u -particle ionization· exceeded ·that of beall1 relativistic 
particles by a factor of '-100. . .. 

To determine the direction of the beam pions, an 
· exposure in· which 5 - 10 relativistic particles per cycle 
passed through the. chamber has been,made.- · 

·'··3 .. 



In absolute measurements of the pion fiux- were made · 
. with the help of the nuclear photoemulsion placed behind 
the chamber to overlap the entire beam and also by means
of an integral·;electronic system to measure the flux 
in each cycle. 

3. Data Treatment. Measurement Accuracies 
and Background Estimates 

After twice scanning . the·photographs, 15 000 events 
were selected for 3.48 GeV jc and 2 500 - for 6.13 GeV jc. 

. The twice scanning efficiency wa,s.99%. 
After the treatment and subtraction of the background 

· 2 450 and 400 elastic. events· were selected for 3.48 and. 
6.13 GeV jc, respectively (statistics· contains:, only .the 
events with a .,-particles that come to rest in the chamber 
gas;· with. the .aim. to. obtain a very good t .,-resolution). 

Elastic events were identified. by kinematic criteria 
using. a computer /3/ .. · The ; momentum .. -of· the .recoil 
a·-particles, cmeasured.by its path, and.its.flight·:with 
respect to the. primary direction of the: beam· pion were 
used as parameters;. ' 

Measurements were made in the range squared four-
momentum transfers of 0.0056 < 1 t 1 ~- 0.087 (GeV fc? 
and 0.0056..$1 tL..$ 0.0462 (GeV jc)2 for 3.48 and 6.13GeV jc, 
respectively. . . . . ..... - .. 

The t -resolution is 0.001 and 0.0015 (GeV jc)
2 at 

3.48 and 6.13 GeV fc~ It is determined by the error in the 
path measurement,. errors in the path-: momentum ratic/41, 
struggling and-uncertainty· in the chamber gas composition. 

The error in .measuring• the' recoil particle angle is 
: determined · by uncertainty. in the field. of. beam pion 
directions, measurement error and Coulomb ·multiple 
and single scattering of the recoil a. -particles.· 

The selection of elastic events< is shown in fig. 1 that 
presents the distribution- of the differences of the measured 
and kinematic angles for the given range of"momentum 
transfers. ·· ,. · 

The .peak widths of elastic· events are in ag·reement 
. with the above.Lmentioned error estimates in deter.mining 

'4 

i 
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!' 
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the angle; On the. left andon the right from the peak one 
can obse'rve an" isotropic background the source of which' 
a're-·neutrons and tlie processes of'vapoi.-izing character. 
The effectjbackground· ratio is, o-n an: a:v~rage, Hi)L 
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Fig. 1. Distribution of the differences of the measured 
and kinematic flight angles of recoil a -particles in 
one of the ranges of momentum transfers. 

.:-;· 

The processes of coherent production are :e~sily ·.· 
discriminated by kinematic criteria·: The quasi-elastic 
processes of the type rr- + 4He -.rr- + n + 3

He · have 
a wide distribution spread~9 by Fermi motion: Its. maxi
mum is shifted ,to the. region of - 200 MeV jc a: -par
ticles momenta~.,s/ and we can consider this distribution 
as an isotropic one. also in comparison with our elastic 
peak widths. . . 

; As · in the chamber there .are. water vapours, ·rr- t· P-• 
• ->TT-+ p events, the kinematiC parameters Of WhiCh are 
similar to those ·of rr.- 4He- elastic scattering, giye an 
insignificant contamonation. The hydrogen in the chamber 
i::f 20 timeS'' less' lhan. thaf Of: helium,. and the' TT :- p. . 

.- ·t .·," .. - ·• .. - .. 
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el~stic··. ~ross. section.· i~ ·.one .. ord~r) ie'ss, 'than . that of 
rc 4.k~. elastic ·.scattering.: T~er.efo~~ the:' contribu·ti_on 
of this process d_oes notex~eed 0,5% .. ·· ... · . . ' . 

The pionbeam>with a 'momentum o'f(3A8 ± 0~05)GeV jc. 
contained (7 ± 1)% 11 and (2.4 ± 0.3)% of electrons. In the 
beam with a momentum of (6.13 ± O.l4)GeV jc the conta
mination of 11 -mesons and electrons was 6%. 

The systematic error was .. 3% for measurement at 
· 3.48 GeV jc and about 10% at 6.l3 Gey jc.Itwas determined 
by the error in measuring the number of pions having 
passed 'through the chamber , h.nd · by _!!ncertainty in the 
chamber gas composition. ~, . · 

. \ . 

4. Results ' · 

Figures 2 and 3 show ttiJ rr";'" 4He elastic scattering 
differential cross sections .·.at · . .,3.48 and 6.13 GeV jc. 
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Fig. -'2; ~TT- -~He'd elastic' scattering. differential cross~sec•->; 
tions:~att 3A8 FeV jc.t:Th'e-:;cur~e•is,calculatedil>y formula: 
(l) at'ihe fgUowinglp~rayu~tens: 'I!~ r,,;_29~9:5:fmb; .. ·;~i=f 9::24,;. 
:R=l.37F, 8 = 6.41 (gEvjc)-2 •/3= 1.035. · -
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Fig. 3. rr- 'He elastic scatte·ring differeifti'ai' c'ross i'sec.t 
.tions at 6.13 GeV jc. The. curve is calculated at the 
following parameters: oTIV = 26. 79'8' nib; a '"' 0.18, R, L37F, 
a:l2.89 (GeV jc)-2 , ~ = 1.153. ' 
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~ :i~. th~'}trst ~a~·ie,~f. o~oos6,~:!'/r'~.9.qo9o cci~v:/~)7.'.tn·~-~ 
corre~tion,.w.as ;made,.for,,the .Coulomb scattering an,d for .. 
the Coulomb and 'nuClear scattefing .interferencE<.·,tn~~~~·· 
other intervals da I cf t . wa~ 1:not corre.c_ted be<?ause :the· 
corrections were ess~ntially:, les.s_, t~.an 1 .the ;,statistical 
errors'~ .... ··· .. ,, .. · :·.~ .: •. ·,.· ···. · .. :·,· ....... , ' .. '.;,.·. 

The analysis ~(the '(iata"\vas pedor~e~ wiW the: help,,' 
• .J j ... ' • ' ' ~ ' ' • . • • • .- ~ ! t ' I ' of the Glauber model. 

For the· rr- .4He .. ·elastic scattering· ,diff~r~ntial,1cross 
sectionweusethe.:ra:tio · .,,_. .; · ,, ' 

, .. , •. , ·.·"2 ···:·.·2··'· ··~·sa;·., 
da ""'Q ( Pc.ml!rrN )2 ex'[-:.::_ .2(. R.+'2a_ JL)· .]'j.(l~~ · · 'rrN ·· x 

1-' p q~ . 2 . . . 8 . . . . •. . '2 ' 
a\}c;m(.:• .. TT, <•.: -"( !.'•·. '·" ,. _.,,lJ~TT(~.:rt;2a) 

,.7":; ::.h1~ {to ~l" .,.- __ : ·~-!~':--.~ j·, ,.)l!~:· i·:!(~ .. : ·',~~l>:ti!:·,~_;-~ 

~ c~~[(ki:j~)q'jJ~]/~ ci;2(12.'L 3 a;&:· eX'p[ (R 2+2~;ifo/~jl1 0):. -;, 
4 (R 2 2' :i . j >< l "f1 ' • ' ... " . . • .. - ' -TT · + aJ ·. · · ·. ' · ,. · '• ·• 

... 
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obtained with the. help of expression for · the .elastic 
scattering amn

1
h
7
·tude of the elementary particle :on the 

4 He nucleus 6 • .' -· · 

. p c.m. is the momentum of the. incident particle_; q 
2 

is 
the momentum transfer square,; R is the nucleus radius; 

a = ( a11- + a11t· Jl2 . is the symmetrized tqtal cross ·section 
of~he intlraction of pions with nucleons 17 I; a= ( a11 -:P. +a11+p)/2 
is the slope . of the 11 N elastic scattering differential 
cross section ; a = ( a

11
_ +a

11
+ )/2 is the ratio of the reaJ 

to the imaginary parf of ,tbe 11 N e;astic scattering 
amplitude in the forward direction Is . (According--to 
the principles of charge independence !!11 -n . , a 11..:..n and 
a

11
_ n were assumed to be equal a 11+ P , a 11 +p and a11_+ P , 

respectively). f3 is the normalizing coefficient intro
duced by us because of systematic, error wheJ! fitting. 

In the above-mentioned paper 161 the Gauss distribu
tion of the nucleon density in the nucleus.and the elastic 
scattering amplitUde of the particle on the nucleon in 
the form were used 

~ ' : . . 

{ (i+a) "· · .21 -=.---- p a cxp(-aq 2). 
411 11N 

When fitting by the least-square method, f3 and a 
were free, the other parameters were fixed. As a result, 
the following values were obtain~d for the normalizing 
coefficient f3 and _t!te slope parameter :a of thespin-
independent "N elastic' scattering differential cross 
sections / , , \, 

f3 ~ 1.035 ±: 0.029 for 3.48 GeV jc, 
(:3':~ l.i5.3 ± 0.086- for 6.13 GeV jc, 

(what is in agreement with the systematic errors deter
mined by another method); 

a ~- (6.41 ± 2.09) (GeV/c)-2 at 3.48 GeV jc, 
a~- (12.89 ± 6.17) (GeV jc)- 2 at 6~13 GeV jc. 
X2 -- 7 .43, n,... 8 at 3.48 GeV jc and 

2 , , , . 
X ~-- 6. 97, n ,- 4 at 6.13 GeV jc. _ 

The slope a of the spin independent· 11 N elastic 
scattering amplitude obtained by us within the error 
is not different from that of the amplitude obtained in 
11 N scattering experime~ts. 

8 

. ·If the . rati~ : of the real to thJ i_maginary part of the 
n:N amplitude increases with t 19 ··the· value a should 
somewha,t be changed. . . _ .. · . . . -- . . 

: If. the. differential_ cross'. sect-ion :are approximated 
by ·the expression da I d t =A e · Bt and then. integrated one 
can obtain · the ·total ri- 4He: .· ·elastic; scattering cross 
section .. At 3~48 GeV/c -~t~~ ~- A~f""e 81dt= (2-0.33± 1.81) mb 
what-agl,"ees :we~l w~th- Bara_shenkov_'s;and To,fieev's cal
cuhitions by the G~auber model,. fig._: 41111. ,· ~The slope 

i ' ~. : 
,. .t, 

'. 

' - ' ~ ' ' 

2. 6 '10- 1lf -1& 1'2. .t6 TG~w 
,· 

.!'· 

Fig. 4. Total 11 _.
4 
He elastic scattering cross sections. 

The curve is ··ca.rculated· by the Glauber theory· 1111 . 
~ - data of ref. 1121 , • - data of our paper. 

parameters of the 11-
4He. scattering diffraction peak 

B= (27.90 ± 1.98) (GeV jc)-2 at 3.48 GeV ;c~ 
Using the model of black disk absorption we also 

obtain the equivalent radius of the 4 He nucleus 

Req 2 y'B = (2.086 ± 0.074)F. 

This is in agreeiiJ'en} with the data on the electron 
scattering on nuclei 10 

-1/3 1/3 . 
Req = r0 A = 1.31 A =2.079F. 

~:!·~ 



~ " . -
References · 

1. R.T.Glau~er. Lectures in Theoretical Physics, 
ed; · W.K· Brittin et al. (Interscience Publishers 
Inc; N. Y~ 1959). · · · 

2. L.Formanek and J.Treifil. Nucl.Phys., B3, 155 (1967). · 
~. N:.-N.Govorun, I.V~Popova, L.A.Smirnova, T.V.RyPtse-

. va,, V.A,Nikitin, A.A.Nomofiloy, V.A.Sviridov, · . 
. L.A.Slepets, I.M.Sitnik, L.N.Strunov. PTE, 4, 44(196ED. 
4. C.F.'Williamson, · T.P.Bonjot,;· Jean Picard. "Tables 

of ·Range and··Stopping Power of Chemical Elements 
for Charged Particles of Energy 0.05 to 500 MeV". 
Rapport CEA-R 3042, Saclay, 1966. , . 

5. V.A.Nikitin, E.N.Tsyganov. JETP, ,40, 1027 (1961~. 
6. W.Czyz and L.Lesniak. Phys.Lett., 24B, 227 '1967 . 
7. A.Citron, Galbraith, T .F.Kycia, B.A.Leontic, ~.H. hil

lips, A.Rousset, and P .H.Sharp. Phys.Rev._, 1~4, 1101 
(1966). . ... · 

8. V.S.Barashenkov. Phys.Lett., 19, 699 (1966). 
9. T.M.McClure, L.E.Pitts. Phys.Rev., 5D, "109 (1972). 

10. R.Hofstadter. Rev.Mod.Phys., 28, 214 (1956): 
11. V:S.Barashenkqv, V.D.Toneev. Interaction of High 

Energy Particles and Nuclei with. Nuclei. Moscow, 
Atomizdat, 1972. · - · · ,. · · 

12. Ph.Chavanon, M.Grozon, Th.Leray, T.L.Narjoux, 
Z.Maric. Nuovo Cim., A40, 935 (1965). 

io 

Repeived by Publishing Department 
on March 26, 1973. 

~ :. 

i ~ ;- . 

' . 
j'-

. . ' 

Will you fill blank spaces In . your ~ibrary? - . ' ~ . . -~. . . :. '· -. . ~ . .· . 

~ou' can r~ceive by P()St the books listed below if-y~u haven't ordered 
them previously. 

13-3700' 

D-3893 

P1·3971 

44589 

2-4816 

16-4888 

Proceedings of the Symposium on 
Nanosecond Nuclear. Electronics. 
Dubna; 1967. · · ·· 

Contributions. International Sym-
. posium on Nuclear Structure.Dub
na, 196_8. 

Nucleons and Pions. Proceedings 
of the First International Collo
quium on Nucleon-Nucleon and 
Pion-Nucleon Interactions. Dubna; 
1968. . 

Birth of a Peace Atom '('collection 
of articles). ·' 

·Vector Mesons and Electromagne
tic Interactions. Dubna, 1969. 

Dosimetry of Radiation and 
Cha.rged Particle Protection Phy-
sics. Dubna, 1969. 

726 pages 

192 pg 

. 294 pg 

18Spg 

588pg_·~ 

250 pg 

3-4891 Some Lectures on Neutron Phy- 428 pg · 
sics. Summer School, Alushta, 
May, 1969. 

D·5805 International Conference on In- 882 pg 
strumentation for High Energy 

10-5255 

Physics. Dubna, 1971, 2 volumes. 

Computers in Experimental Phy..: . 324 pg 
sics. The 2 nd School of the JINR, 
Alushta, 1970. . 

D7·5769 International Conference onHeavy 628 pg 
Ion Physics; Dubna, 1971. · 

Dl·5988 IVth International Conference on 
·High Energy Physics and Nuclear 
Structure. Dubna, 1971 (abstracts 
of c~mtributions). 

·171 pg 

Dl-5969 Proceedings of the International 772 pg 
Symposium on High Energy Phy-
sics.: Dresden, 1971. · 

D-6004 Binary Reactions of Hadrons at 768 pg .· 
High Energies. Dubna, 1971. 

D10-6142 Proceedings of the Inte~natio~l_ 564 pg 
Symposium on Data Handling of : 
Bubble and Spark Chambers. Dub-
na; 1971. · 

D13-6210 Proceedings of the Vfthinternatio- 372 pg 
nal Symposium on Nuclear Elect-
ronics. Warsaw, 1971. 

· 10. roubles 07 copeek 

3 roult~_ 76 . ~· 

3 I"Oub. 17 ·cop • 

2 n~b. 90 cop~ 

6 roub. 

2 roub. 64 cop. 

·. 5 roult. 49 eop. 

14 ~ub. 74 cop. 

3 roub. 40 eop. 

6 roub •. 60 _cop. 

lroub. 58 eop. 

7 roub. 69 cop. 

7 roub." 60 cop. 

6 roub.l4 cop~ 

3 roub. 67 cop. 


