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A B B 0 T a U R H 

n o K838 HO, 'ITO y npyroe p-p paccemi He llpH BbiCOKHX a He p rH HX B HHTe p

Ba n e y r n o B 0 < 0< 90 ° MO>:<e T 6 LI Tb 06 b 51CIIe iiO Ha OC HO¥ ~BYX aHCKpe TH biX 

3 HB4f"U" c pe:fHe KBaapaTH'!Hor o nonepe '!Horo HMn y nbca<PL > - O,J55 f a Ble 
II <Pl. >2 a 2<Pl. > ~ • CooTBe TCT neHHO c a THM HHTepc) e,JeHUHH BOiiH c OTHo-

CHTenbHbiM ¢a30B biM CaBHrOM cp , OT aByX o6nacTeii B38HMOae llCTBH51, 
npHBOa i!T Ufl51 Ce'!e Hif ii p acc eSJHHH K <boO My n e: 

12 2 

~ ~ [ C1 exp ( } + C 2 exp ( ----. 
dt <'l. >1 4 <ll. 

-I+ 
-t + 4P2 

> 1 
+ 

~ 
+ 2 ( C 

1 
C 

2 
} Cos cp exp ( [l ] ( I -

2 p 2 
} . 

0 rae p -HMnYfl bC nepBH'IHOro npOTOHa ; cp .., 120 , a C I , C 
2 

a eaunu ua x 10-
27 

( c M2 (fa a/c)-2 c
1 

.. so,· c .. 02 
2 • • 

Ab s tract 

T he diffe r e ntial c ross sections o f the P-P ela stic scatte ring 
measured a t hig h e n e r g ies and in the a n g l e interval 0 <0 < 90° 
a r e d e s c ribed on the basis of two dis cre te values of a tra nsverse 
mo me ntum: 

2~ 2~ 2~ 
< P.L > 1 ~ 0.355 Gev/c ±.. 0.01 Gev/c a nd <P.L >

2 
"'2<P.L > 

1 

A ccording ly, the interfere nce of -,vaves emitted by two reg ions 
::>f i n te raction with rela tive phase s hift - </> lea d s to the following 
O> last ic scatte ring cross section formula 

d u 
--~ [ C exp( 

d I 1 

~ 

+2(C
1

C
2

l 

2 
< p.L >I 

} + C
2

exp ( 

2 
I 

-1+~ 

2 
4<P.l >1 

} + 

• Cos cp exp ( 

12 

-1+ ~ 

2 
_!_ <pl. >1 

5 

l 
l)O---l, 

2P 2 

vher e P :s th e c .m. p r imary p rot on momen tum, 

0 - 2 7 ? ( ./ ) - 2 - 27 2 -2 
.. 120 • c ~ eo· to em - Gev 1c , c 

2 
~ 0. 2' 10 e m (Ge•/ cl 

flng 06b51CHeHH51 aH~epeHUH8flbHbiX Ce'leHHH ynpyroro p-p paCCe51HH51 
11-41 

B pHae pa6oT npeanaranHCb paanH'!Hbie MoaenH. B HBCTOHmee BpeMR 

c e '!eHHH H3MepeHbi a 6onee mHpOKHX npeaenax no 3HeprHH H yrnaM pacceg

HHH, Boapocna TaK>Ke TO'IHOCTb H3MepeHHii, 'ITO noaaonHeT nponaaecTs 6one e 

noapo6Hoe conocTaane Hne c pac'!e TaMs H npeano>KHTb yTO'!H e HHH MoaenH, 

06b51CH51101Ueii aKCnepHMeHTBflbHble aBHHble, i::lHe o6naCTH CB MbiX M8flbiX yrnoa 

(rae 3HB'IHTeneH BKnaa Kyno Ho acKoro pacceHHHH H aeiicTaHTenbHoii 'IBCTH 

) du 8MnnHTyabl I aH~peHUH8flbHble Ce'!eHHH """"d'"t anH ynpyroro pacCeHHH H 

141 
p83flH'!HbiX 'IBCTHU HB npOTOHBX, KBK nOK83BHO a , XOpOWO COrnaCyiOTCH C 

I!JopMynoii 

~ ~ Cexp(
dt 

p2 2 

--..:j=- )( 1-~ )1/2 

< p .J. > p2 

rae P - HMnynhc npoToHa a CHCTeMe ueHTpa. 

(I) 

~OpMyna (1) COOTaeTCTayeT rayccoaCKOMY pa cnpea en e HH IO COCTBanR-

IOIUHX nonepe'!Horo HMnynbca p .r. no OC51M KOOpaHH8T, B cny qae ynpyroro 

p-p pacceHHHH cpeaHeKaaapaTH'IHWii none pe'IHWii HMnynhc <p2>t/2 
.I. 1 

a ( 1) OK83 biaaeTC51 He 38aHCHIUifM OT a He prHH npOTOHOa a HHTepaane 

2 th 
.. 5+- 20 f a a If paBH biM < p .1. · > 

1 
~ 0,35:!_0,01 f a a / c. 

141 
B aaTOpOM 6 binO npe anono>K eHo, 'ITO a o6naCTH 6onbWHX yrnoa pac

Ce HHIHI, KOf'AB p .J. :;>> 0,35 faB l e, 

.Myno ii (I), HO c 6onbW HM n a p aMeTpoM 

du 
--.rt 
< p 2 >th 

.1. 2 

T8K>Ke OnHCbiBBIOTCH I!JOp-

2 1/2 
<p > , abi-B enH'IHHbi 

du 

dt 
'IHCn eHIIbie, COr naCHO ( 1), n o fl l06 bi M aayM 3Ha'le HH51M J. 

2 
I 51 

113 pa60Tbi
1 

I 

3 



6biJIH aaKniO'Ie H bi B npenenax: 

2 1/2 
<p . >

2 
m0,70,t0,05 ,T,e , < p2 >112 

J. 2 

2 
-;. 2 < p .J.. 

1/2 
>I 

J. . / 6 / 
llaHHbie pa6o T b i n03BOJIHIOT npoBeCTH 8H8JIH3 C 60JibWeli T O'iHOC TbiO, 

du 
crt* paCC'IHT8HHble no Ha pHCYHKe 

!jlopMyne ( 1) npH 

npHBeJleHW 3H8 'ieHHH 

2 th 
< p > z 0,72 faB I C, H Onbi THbie Jl8HHble B HHTep-

J. 2 

aane yrnoa pacceHHHSI (} c4Ut65° JlJISI Tp e x 6JIH3KHX 3H8'1eHHil H M n yJibCOB 

npO T OHOB: 10 ,1; 11,1; H 12,1 faa/c . Pac'le TH851 KpHBBH COBMeiUeHa C Onbi T-

HbiM 3H8'1eHHeM npH JlliH 11,1 f aB/C H o = 4a? 

B cooTBeTCTBHH 

pl ~ 1,49 f aa/c 

du 
C H3JIOlKeHH blM / ---eft MOry T 6b!Tb OnHC8Hbl <JlOpMynoil: 

2 p . 
~=[C exp(-~)+C2exp 

dt I <p2> 

.!. 

p2 
(- __ J.._)]( p~ 

4<p2 .. 1-~)th 
.!. > p 2 (2) 

Ha pHc. 2 nnH npoTOHOB c HMnynhCOM 1 i f aa npHaeneHa KpHBBSI, pac

C'IH T B HHB SI no !popMyne (2) rrpH 3Ha'!eHHH n a paMeTpa < p 1 > 1/~0,355 f aa/c, 

/6 ,7,8 / 2 
H OIIbiTHbie naH H bie H3 pa6oT • PHCYHOK rroKa3 b i BaeT cornacHe pac-

'! e THbi X H Onbi THbiX 3H8 '1 e H Hll 
du 
dt 

npH H3MeHeHHH Ce'!e HH H H8 7 IIOpS!Jl-

KOB H1 n on'lepKHeM, B IJHHe ilHOM M8CIU Ta6e . 0apaMeTpb1 C
1 

H C
2 

C T O'IHQ-

. - 27 2 -1 
C TbiO "10% B eJlH HHU8 X 10 CM (fa)3/c) p8BHbl COOTBe T C T BeH HO 80 

H 0 ,22. 

CornaCHe pac'le T OB no !jlopMyne (2) C OIIWTOM YK83WB8e T H8 JlHC -

KpeTHYIO C TpyKTypy BeJIH'iHH CpenHeKB81lp8 T H'IH Or o nonepe'IHOrO H Mnynb C8 1 

OTIJH'I8101UHXCSI BllB Oe npyr OT Jlpyra , Ha OCHOBe npHHUHna HeonpeneneHHOCTH 

a T O MOlKHO 06bHC HHTb npO HBIJeHHeM B ynpyroM p -p paCC eHHHH llBYX JlHC

KpeTHbiX 061J8CTeil B3 8HMOJleilCTBH H . 

B a TO M cny'lae, nocne CTOIJKHOBeHHH a paanoJKeHHH aonHoaoil !jlyHKUHH , 

L: OJilKH b l npHC y T C T BOB8Tb, no KpailHeil Mepe , )lBe BOIJHbl 1 CBH38HHble C a TH M H 

061J8CTHMH, 

BcnencTBHe T a r o , 'ITO c2 << c I JliJH 

MOlK HO ae Y'IH T biBB Tb q neH , coneplKBIUHil 

Pl<2 < Pl >1/~B !jlopMyne (2) 
2 li 

3Ha'ieH HHX PJ.. >2<PJ.. >1 

C T8HOBHTCH M81JbiM H 'IJi eH 

C 2 , f IIpH 
PJ.. 

C 1 exp (- --
2
-- ) • Cnenoaa T eiJb HO, 

< PJ. > 
!IpH M81Jb1X H 60IJbllJHX 3H8'ieHHSIX pl MOlKHO npeae6pe'lb HHTep!jlepeHUHeil 

BOJIH oT llHCK pe TH bi X o6nacTeil B3BHMoneilcTBHH, Vla T ep!jlepeHUHH non)({Ha 

6bi Tb Cy!lleC T B e HHOil TBM , rne Cp8BHHMbl BeJIH'iHHbl 'iJieHOB, ConeplK8WHeC
1 

H C
2

, 

4 

~H~l 
l!~ 

II " II " u II p):~ 

PHC , 1, Ynpyroe p -p pacceSIHHe npH HH{lf'IJbCax .: 10,1;11,1; H 12,1 r a e /c . 

3KCIIe pHMeHT8 1JbHbie TO'IKH H3 , p8C'i e TH8H KpHB8H IIO C:. opMyne (2), 

5 



.wr· 2 -2'7 dt4- ·lJ ~~ 
-ll)'lt 

-10 

I 

'10 

Ill 

, 

" 
lO 

10 

II 

I ~ 
'0.1 ll5 J,.. I Jr ~5 t 

B_r.ev,t 
Pac. 2. YnpyPoe p-p pacceSIHHe npa 11 f3s/c. 3KcnepaMeHTanbHbte TO'IK H 

a3 /6,7,8/, pac'leTHbte Kpaswe no <jlopMyne (2). 

Ecna C 1 =80, C 2 =0,2 H 
~ 1/2 < p.! > =0,::15, TO 3TH 'lneHbl paBHbl 

npa p ..t =0,99 f3s/c. 

llnSI Bbi'IHCneHHSI Ce'leHHH B 3TOH o6naCTB HY>KHO H8HTB KB8llp8T aMnnH-

Tyllbl, nony'leHHOH BeKTOpHblM cno>KeHHeM aMnnBTYll BOnH, COOTBeTCTBYIOUlHX 

2 1/2 2 J./2 
3Ha'leHBSIM napaMeTpoB <p. ·> a 2<p.L ·> • npenenbHbtMH cny'laSI-

.1.. 

MB SIBnSieTCSI cyMMa ana pa3HOCTb 3THX aMnnaTyll. 

Ha pac. 3 nnSI pacceSIHBSI npoTOHOB c aMnynbCOM 11 f3s/c npaseneHbt 
16 7,81 

KpHBbte, UOCTpOeHHbte no OnblTHblM ll8HHbiM 83 pa60T ' , a nyHKTHpOM 

HaHeceubt ce'leHHSI :r nnSI cyMMbt H11H pa3aocTa aMnnBTyll napnilanbHbtx 
0 

BOnH B o6naCTH yi'nOB paCCeSIHHSI 24f40 , I'lle 3KCnepBMeHT8nbHblX ll8HHbiX 

HeT. 

6 

.,-a• 

10_,. 

.,-" 

.,-• 

10_, 

.,-JI) 

_, 
I() 

~cmj(vevfd 

,, ,, 
1\ 
I \ 
I\ 
I \ 
I . \ 
I \ 
I \ 
I \ 
I \ 

I \ 
I \ ' .... -,, I I ,, 

I : 
I I 
I I 
I I 
I I 

\r 
II 

l 
I 
I 
I 
I 

~nL--------+------~--------~------~-------------
0 11.1 ~ ~5 

B. Gevfc 

Pac. 3. Ynpyl'oe p-p pacceSIHHe npa 11 f 3s/c . HenpepbtBHbie KpHBbte - Te >Ke , 

'ITO H Ha pacyHKe 2 . nyHKTHpH We KpHBWe paCC'IHT8H~ no ¢ opMyne(4)-

- BepXHSISI llnSI </> =00 , HH>KHSISI - llnSI </> =180 • 
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HailneM ce'!eHHSI a o6weM cny'lae c n o)KeHHSI napuHanhHbiX aonH. 

8 COOT BeTCTBHH C ljJOpMynoH {2) BMnnH TYllbl napUHBnbHbiX BOnH C Y'l~-

TOM OTHOCHTenbHOPO ljla30BOPO CllBHPB HB yron cP , O'!eBHllHO, paBHW : 

A
1
(p )a C 1l 2 

J. I 

p 2 
ezp (- __ J. 

2 < p 2 > 
.l. 

2 

p2 
)( 1- _J._ ) 114 

p2 

A 2 (p} = cl[ 2 
p 2 

exp ( - J. )( 1 P.,~ 1!4 
2 --- ) 

8 < pJ. .> p 2 

· CyMMBpHaSI aMnnH Tyna 6yneT paaHa: 

lc/> 
e 

2 2 2 
1!2 p p J.. . lc/> p .l. . 114 

A(p )a[C
1 

exp(- )+C
2
exp(- )e ]<1---) 

J. 2<p2 > 8 < p2 > p2 

du 

dt 
I A(p .l ) l

2 

J. J. 

H H3 (3) nony'IHM: 

2 2 
du P.~, P i 1!2 

-d- = [ C 
1 

exp (---- ) + C 
2 

ezp ( - ) + 2 ( C 
1 

C
2 

) Cos cf> x 
t < p2 >. 4 < p2 > 

.l. .1. 

2 p 2 
J. P I 

X ezp(------ ) ] ( l--J.-) I 2 
5 < 2 p 2 

-8- p J. > 

t : VlnH, npH nepeMeHH~ il 
t 

-t + --2-

2 
t 

-t +·---
4p2 du 4 P 

-- - = [ C 1 exp ( 

dt < pi >' 
~ 

t 

)+C
2

exp( 
2 

4< p .l > 

I -t+~ t 
2(C C )

1 ~ Coscf>ezp( p l ) ( I -~ ) > 
1 2 9 "'P ~ > 2 pi ' 5"' J.' 

) + 

(3) 

(4 ) 

(5) 

JlHCp(jlepeHUHBnbHbie Ce '! e HHSI B o6naCTH , rne CyUleC TBeHHB HHTepcpepeH

UHSI BOn H, 6binH H3MepeHbl B pa6oTejg } . 

Ha ~HCYHKBX 4 H 5 IIpHBeneHW llBHH~e H3 /9/ nnSI IIpOT OHOB C HMIIynb

COM il,b h:Ja/c H 12 ,4 r :om/c COOTBe TCTBeHHO . K p HBble 6bln H paCC'IH TB Hbl no 

ljlopMyne (4) nnSI Tpex 3Ha'leHHil ¢aaoaoro yrna cp H a pHCYHKe 4 

8 

cP a 90, 120, 135 O • H a pHC Y HK e 5 c/>= 90, 120, 150°. PHCY HK H 4,5 no-

KB3biBBIO T COrnaCHe pBC '!e Ta C 3 K CIIepHMeHTBn bHbiMII llBHHbiM H H nyq w ee -

0 
- II pH ljlaae 120 . T a K HM o 6 pa30M , HHTepaan 3HB'IeHHil p j,' COOTBe TCTBYJOUlHH 

HHTepcpepeHUHH napUHBnbHbiX BOnH , TBK lKe IIOllTBeplKnaeT HBnH'IHe llBYX llH

CKpe TH blX o6naC Teil B38 HMOlleHCTB HSI. 

2 11 2 
Ha aenH'IIIH < P l >1 • 0,355 :t 0,0 1 r sa/c 

2 112 2 II 
H < p I > = 2< p > 2 

• 2 J. I 

cnenye T, 'ITO cpenHeKaanpaTH'IHWe panHycw B TH X o6nacTeil paBHW : 

< r 2 >112 E ( 0,55 + 0,15) ¢epMH < r 2 >11 2 
" ( 0,'0 + 0,01) ¢ep M H 

I - 2 -

¢opMyna ( 4) nae T , 'ITO npH yrne pacceSIHHSI () =90° ; ~=0, 
d t 

da 
d t 

a B neilC T BHTenb HOC TH IIpH (J .. 90 °, IIp H6n HlKae TCSI K MHHH-

Manb HOMY 3 Ha'leHH JO n p H n a HHOil 3 Hepr HH. MolKHO .non araTb noaTOMY, 'ITO 

On SI HBXOlKOe HH SI ll H~epeHUHBnb H@X Ce'!eHHH B HHTepaane yrnoB , BKnJO'IBSI 

90 ° , K aen H'IHHaM ~ , o n penenSieMbiM n o ¢ opMyn e ( 4) , HYlKHO npH6a -
d t 

BH Tb IIOC T OSIHHYIO ~( 90°) = C(E). 
d t 

B cooTae TCTBHH c &THM ¢opMyna ( 4) aaMeHSieT CSI ¢opMynoil (6 ) 

2 2 
dq PJ. PJ. 
-- = [ C exp ( ---- ) + C 2 exp (----,. 

dt I < p 2 > 4 < p • 
J. .1. 

) + 2 ( c c )112 
> I 2 

Cos cf> x 

2 2 

PJ. p 1l 2 
x exp(- )]{ 1--J.- ) 

p2 
+C(E). 

5 2 
- < p . > 
8 J. 

(6) 

H a pHCYHKe 6 nnSI npoToHoa c HMnynhCOM 11,1 rsa/c npHaene Hbl pac-

d u 161 
'l e T HbJe 3Ha'leHHSI --- C( E) H OIIbiTHble naHHbie H3 pa6o T bl n n SI yrnoa 

dt 1/2 
pacc eSIHHSI (J = 4001.;.. ·80° . CnnowHaSI KpHBaSI COOTBeTC TByeT <pi > =0,355 raa/c 

a nyHKTHpHble ,: < pl >112 =0,355:t_O,Ol ( aepxHSISI 3HaK + ) . Ha pHCYHKa 6 

cne nyeT cornacHe pac'leTHblX H OIIbiTHbiX aenH'IHH dd 0' - C (E ), 
' t 

nOn HOe Ce'leHHe ynpyroro pacce SIHH Sl q cl MOlKHO Bbi'IHCnH Tb Ha 

OCHOBe ljlopMynbl (6), OIIyCKBSI ManyiO BenH'IHHY C (E) • Hcnonb3YSI coo THO-

t = 4 p 2 s· 2 () 
We HHSI: 1n 2 , p .l = p Sin () , H 

HHTerpHpySI no (J OT 0° no 90°, nony'IHM : 

uei = [C, + ~ ( C I C 2 ) 1/2 
2 

Cos cf> + 4 C 2 1 < p l > . (7) 5 

9 
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PHC. 4. Ynpyroe p - p paccestHHe npH 8,5 r :om/c . 3KcnepHMeHT8flbHble TO'IKH 

H3 16/ . KpH Bble paCC'iHTBHbl no ¢ opMyne (4). 

T o'iHOC Tb , c KOTopoii ceiiqac H3BeCTHbl vel s <jlyHKUHH aHeprHH, 

llOK83biB8eT, 'ITO C <jlOpMynoii (7) HeT paCXOlKJleHHSI B npenenax TO'IHOCTH 

2 th 
C l " 10% H < pl > "3%. 

Ha OCHOBe <jlopMyflbl (7) MOlKHO llOllbiT8TbCSI Cp8BHHTb Jlflfl HeynpyrHX 

p - p B 3 8HMO)leHCTBHH Ce'i e HHSI, COOTBeTCTBYIOU!He TBK H83biB8eMbiM ' nepH<jle-

pH'IecKHM H UeHTpanbHbiM CTOflKHOBeHHSIM'. ileiiCTBH T e flbHO, eCnH BKfl8Jl B 

- 2 J/2 
U el OT BOflHbl , o6ycnoBneHHOH napaMe TpOM < p .L > , SIBflste T Cfl 

JlH<jlpaKUHOHHOH TeHb iO 

'IeoHe nocnenuHx 

BltnBJl B U el 

nepH<jlepH'ieCKHX' HeynpyrHX B38HMO)leiiCTBHii, TO Ce-

2 
u n nponopuHOHanhHO qneHy C 

1 
<p .l> • llanee, ecnH 

3 8 BHCSIU!HH 01' BOnHbl C napaM e TpOM 2 < p 1 > l/2 

JlHcjJpBKUHOHHBSI TeRb 'ue Hr panbHbiX' HeynpyrHX CTOnKHOBeHHH, r o c e -

qeoHe nocnenHHX u 
~ 

2 
nponopuuoHanbHO 4 C 2 <Pl. > 

10 

• OrCIOJla, Hcnonh-

I 

I 

d.Q cmY(Gev )2 

dt ' --c 

10~ 

G..rr 

G_. 

G_. 

10--L-----------~----.u 0 

\ 
\ 
\ 
I 1-- "'-~ 'f • !O" 
I,--, 
I I . 
,, "'... "'1 'f•l20" 

r 'f-m" I 

' Up~ 

PHc. 5. Ynpyroe p - p paccestHHe npH 12,4 r as/c. 3Kcne paMeBT8nbHble TO'IKH 

a a /6/ . KpHBble paccqaraobl no tj>opMyne ( 4). 

11 
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2.0 2.1 
p.l. 

P ·1c . 6 . Ynpyroe p - p paccellHIIe npH II f as / c . 3Kcnepu MCH T<l : Ih ll hie TO'!Kli 

H3 /G /7\ H enpepbiDHflll KpirBast paCC 'iHTa na n o <j10pMync ( 6~ npH 
< p

2 
> =0 ,355 ra~/ c. B ep X!HIIl nyHKTHpHaH - npH <_~7 > =~,345 r as/c , 

IIH n< H>Hl - 11£ ~17 <12 > 1 /2 =0,3~5 !'as/c . C 1 =80.10 c:v1 (rao/c) , 
C2 =0, 2 .]0 CM (fas /c ) . 

1:2 

3Yll senH'IKHbl : c l-90, Cz e 0,2 ' nony'IHM, 'iTO alit = 0,01 o 
u 

0603H8'18ll Ce'leHHe B 06118CTH HHTep<jlepeHUHH BOI1H KBK a , ua <jlopMynbi 
n,u 

(7) nony'lnM: 

C1 
liz 2 . 

3, 2 ( C 
1 

C 2 ) Cos </> < p ~ > . 
n,u 

nnll </> = 120° 
2 

a n ,u ~ 6,4 < p L> .. 0,08 u n, 

K ocsenno 3To naxoaHT noaTBep~nenHe B TOM, 'ITO B neynpyrHX CTOnKno

senHliX 110K8 He YUBB8110Cb 06Hapy~UTb 'ueHTp811bHble ' CTOI1KHOB8HHil , ne iiC T-

BHTellbHO, npH nepexoae , HB11p11Mep, K C06bl THilM C 60IIblllH M '111CI10M 

HbiX 'IBCTHU, Mano H3MeHlleTCll < pl >1
/

2 u yrnosoe pacnpenenenHe 

HblX 6apHOHOB, 

BTOpH'I-

BTOpH'I-

B accnenosanuH neynpyrux cTonKnosenuii neo6xoaHMOcyrnecTsenHoe ysenH

qenlle CT8THCTHKH, 'IT06bl 11011biT8TbCil BblUenHTb UeHTpanbHbl8 CTO,,Kf!OBeHHil , 

KOTOpble, B03MO~HO , IIUYT C MBnblM Ce'leHHeM COOTBeTCT08HHO ynpyroMy pac-

celiHIIIO na 6onbUJHe yrnbl . 
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