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SUMMARY 

The spin-structure of two-photon exchange contribution to 

the ep
7
elastic scattering amplitude has been investigated. 

Using equation (1) for su~h contribution, w.here 1~ 1 , and T~l' 
are electro~ and. proton Compton amplitudes·, and quantum~electro_. 

_dynamic expression for t
11

;. (2) it is easily to find that only: 

odd products of the Dirac matrices are sandwiched between 

electron spinors. · TM ·direct. computing' of such matrix elements 

. shows that the amplitud'es of transit_ions with changing the 

electron helicity A vanish·, if.the ~atio of the electron mass. 

to its energy iS neglected, i.e. \\.\.\, =5.\.\.M(.\) • For the one 

-photon exchange amplitude the same statement i~ given, for 

example, in reference ./5/. Under all general invariance assump

tions the full •·P -scattering amplitude (9) without the electron 

helicity change. contains only three independent spin structure 

(11). To determine all two-photon exchange contributions ~a 
\ {~ \ r to the ep-scattering amplitudes, the measurements, 

using the polarized beam and target in e+p- and e-p~scattering, 

are necessary. The expressions for pc;llarization tensors in this 

case are given by_eqt~;ations (16)-(25). 
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1. 3KcnepHM9HThi1 B KDTOph!X Cp8BHHB810TC!I C9'19HH!I pacceSIHHSJ aneKT• 
. . . . /1/ 

pOHOB H ll03HTpOHOB Ha npOTOHe Hnll H3MepHeTC!I nonstpll38Ullst llpDTOHDB 

/2/ 
OTJia'lH JinH onpeJieneanSI BKnaJia JIByxljlciToHHoro o6Meaa B aMnnHTYllY 

~ p -pacce~HHH, CBHJieTenbCTByiOT o ManocTn a1'oro BKnaJia no oTaow'eamo 

· K OllHO!jJOTOHHOMy o6MeHy. 3TOT pe3ynhT8T MD>K9T 6b!T.b o6ycncianeH nn6o 

ManocTbiO acex JIByxljloTOHHhiX aMnnHTYll Boo6me, nn6o ManocTbiO Tex ux 

KOM6HH8UHft, KOTOpbte onpeJienSIIOT. pa3HOCTb C9'19HHft e p .H , e + p -pac

C9!IHH!I H HDn!IpH38UHIO llpOTOHDBo nn!I peWeHH!I aToro BDllpOCa He06XO)lHMD 

. ' ' ~ 
. npoBe)leJme 6onee cno>KHhiX nonHpn3aUHDHHhiX H3Mepeanft, a Jinst aToro 

Ba>KHD 3H8Tb1 CKDnbKHMH aMnnHTYllBMH XapaKTep113yeTC!I e p -pacceSIH~st' 

B )lByX!jJDTDHHOM· npn6nH>K9HHH H pe3ynbT8Thl K8KHX nonstpll3 8UHOHHhlX Ollhl

·To·B HBnHIOTC!I. H938BHCIIMbiMH. 

061UH9 coo6pa»<eHH!I HHBapHaHTHDCTH OTHOCHT9ltbHO npoCTpaHCTBeHHhiX 

BpameHHft H OTpa>KeHHft H o6paiUeHIIst BpeMeHH llOHYCK810T Cy1UeCTBOB8HHe 

TonhKO WeCTH oTnH'lHhiX OT Hyng aMnnHTYll JinH paccestHH!I .llBYX 'l8CTHU CO 

/3,4/ 
CllHHOM 1/2 o 

OJimiKo H3-3a cneunljlnKH aneKTpoMarHHTHoro B38HMOJieftcTBHst H Ma

nocTH MaCChi . aneKTpoH:a B03MO:>KHO coKpameHHe nx qncna. Kaqeciae~IHhte 

coo6pa:>KeHH!I 1 llOllTB9p:>Kll8101UH9. CK838HHOe, MoryT 6b!Tb cneJiyiOIUHMHo 113-

BeCTHO, 'ITO B OllHO!jJOTOHHOM npn6nH:>KeHHH C TO~IHOCTbiO liD 'lneHOB1 npo-

nopunoHanhHhtX m IE , rJie m H E - Macca n· aHeprnH aneKTpoHa, 
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/5/ 
He npOUCXO.IlRT R3MeHeHRSI cnupanbHOCTR aneKTpOHa (cM. 1 HanpuMep1 . ), 

npuqeM STO cnpase.unRBO KaK AnSI ynpyroro, TaK u . .unSI neynpyroro ep -pac- . 

ceSIHRSI. HcHo, 'ITO MHRMaSI qacTb aMnnuTyJlbi ~Byx<jJoTOHHOI'O o6Mena, 

KOTOpaSI Bbipa)l{aeTCSI 6unRHei1HO qepea O,llHO<jJOTOHHbie aMnnRTY.Ilb~ ·Heynpy

I'OI'O e p -pacceSiimSI, T8K)I{e He 6y.ueT conep)l{aTb cnaraeMbiX, MeHSIIOIURX . 

_cnupanbHOCTb aneKTpona. Ecnu 6bx·.unSI ep -pacceSIHRSI cymecTBoBann 

,llHCnepCHOHHbie COOTHOllleHHSI 1 T0 1 O'leBR.UH0 1 H ,llei1CTBHTenbH8SI '!8CTb He 

co.uep)l{ana 6bi TaKRX cnaraeMbiXo IloCKOnbKY JlHCnepCROHHbie COOTHOllleHHSI 

,llnSI. e p pacceSIHRSI He. )lOK838Hbi1 TO HR)I{~ npRBe)leHbi BbiKna.UKR 1_. He u·cnonb-

ayxomue aHanRTR'!eCKRX CBOHCTB aMnnHTY.Ilbi • e p -pacceSIHHSI1 H3 . KOTOpbiX 

BR,IlHO; 'ITO R B _ .UByx<jJoTOHHOM npu6nR)I{eHRR He npOUCXO,IlRT H3MeHeHHSI · CIUI-

• panbHOCTU aneKTpOH8o -: 

e p .-pacceSIHRSI 

.uaeTCSI Bbipa)l{eHHeM: 

(2) . 4 • 
M =-e- _.1_ J 

(217-)4 2 

. d4 
lpvTpv ·k 

k2(k.;...q)2 
. ( 1) 

r.ue t!Lv. n Tpv - cooTBeTCTBeHHO aMnnHTY.Ilbi aneKTpOHHoro. H npoTOHHoro 

KoMnToH-a#eKTa; k nk-q-'4- RMnynbCbi BHpTyanbllbiX <jJoToHoB. Pac-

CMOTpHM . 

. " " q 1-k + m 

k 2 -2q1k 
y 1-' ] u ( q 1'P • ( 2) 

3ilecb q .
1 

.· H q 
2 

- HMnynbCbi aneKTpoHa · .uo H nocne pacceSIHRSI; C no

MOIDbiO npOCTbiX npeo6pa30BllHRfi ( 2) MO)I{HO npe,llCT8BHTb B BH,Ile. 
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( 3) 

•p ',\ ] . I . [ /l v /l v v /l 
·- i £ /l v·p ,\ k y y 5 + --:-r--- 2 q 1 y - k y - k y + 

k -2q1k 

PaccMoTpiiM Terrepb MaTpii'IHbte aneMeHThi 

II· 

- "- , X 
u < q 2 > r ll ·r 5 u <_ q 1 > • 

r,ne U ,\, li U ,\ - ,llllpaKOBCKIIe · CIIliHOpb!1 COOTBeTCTByiOUllle COCTOHHliSIM 

c orrpe.neneHHOil: cniipanbHOCThiO. B ciicTeMe 1 r.ne anepriiii HaneTaromero 

II pacceSIHHOrO aneKTpOHOB paBHbl ( HaiipliMep B c·.u.II. Hnll CliCTeMe 

Epail:Ta 1 r.ne 'I ... ·1 ·1 ... I ·1 .... 1 > ! q ' =. q . =; q: ' . 1 2 ·.·. 

-,\, ,\ . ( , E- m ) , 
u ·y 

0 
u .:= I + ,\ ' ,\ ---- X :* X 

· · · · E+ m. ,\ ' ,\ (4) 

-u ,\ ' y-> u ,\ ( ' · · ' ' ) · '* -> 
= "+~ X.\' a X ,\I; I ' ( 5) 

( 6) 

' . 

. 5 



( 7) 

3necb x >.. , x ~ , - llBYxKoMnoHeHTHbie cmmophi, KBaHToBaHHbie no nanpaJ~-

n_~HltHM ·HMflyni?COB q t 1i q 2 . •' 

-+ -+ 
a q 

113 ( 4) - ( 7) . BlfllH0
1 

'ITO nepeXOllbl. C . Jf3MeHeHHeM cnHp811bHOCTH 

(>.. '=- >.. = ± 1) nonaBneHhi no cpaBneHHJO c nepexonaMH 6es H3MeHeHHH 

( 8) 

cnnpallbHOCTH MHO>KHTeneM m I E . TaKHM o6pasoM, c TO'tHOCTbJO 

no qnenoB nopnnKa m I E aMnllHTYll8 e p .. -paccemmn B pnno!floTon-

HOM H llBYXIj>OTOHHOM npH6llH>K9HHHX B. npellCT8BlleHHH Sll9KTpOHHhlX CIIII-, """~ : ,, 

pallbHOCTeA HMeeT CTpyKTypy: 

Ill • BbiHCHHM cnHHOBYJO cTpyKTYPY sToA aMnllHTYllhl no npoToHHhiM 

nepeMeHHbiM; llllH qero o6paTHMCH K o6meMy Bb!pa>KeHHIO llllH aMnllHTYllbl 

paccenHHH llBYX '18CTHU cnHH~ 1/21 HHB8pH8HTHOMY OTHOCHTellbHO npOCT

paHCTB9HHblX BpallleHHH H. oTpa>KeHHH H. o6pauieHH'H BpeMeHH ( CM. 1 nanpH- · 
Ml . . 

Mep, ) • B c.u.H. llBYXKOMnoneHTHaH aMrtnHTylla .e p ... pacceHHHH Bbii"liHilHT 
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-+ -+ 
·I".Ue a I ,_ U 2 - CllHliOBbie MBTpMUbl aneKTpOHa H npOTOHa, 

-+ -+ 
-+ ql-q2. -+ 

e 
-+ .· ...... . ... ' 

n=[mxel. ·m = ---::----::---
:1 q - q-+ ll 
. I 2 

PaccMoTpHM BenH'IHHy 

YtiHTb!BBSI ( 8) H CBSI3b MeJK.uy cmiHopaMH X • X , 

nony'IHM: 

r.ue 

(} 
cos--+ .. 2 

X ' •,\ 

(} ] . 
i ( c + d ) sin -

2
- 8 ,\ ,\, + 

+ [a sin + -i ( c 'T d ) cos -f ] ( ,\ ,\, . + 

. ·o .. o _.._.. . 
+ i [ b cos -

2
- + i ( c- d ) sin "'"2 ] (a 

2 
n) £ ,\,\, + 

£11=£ =0, . • -I, -I 

7 

(9) 

.:.i .· 



Tpu nocneJlHMX tineHa· B ( 10) onHCbiBaroT pacces!HMe c MSMeHeHMeM 

cnupanbHOCTR H1 KaK noKasaHo BblliJe1 npeHe6pe:lKMMo Manbi. 

OnycKaH MX1 nonyqaeM 

. 
M X>..,= 8 >..>.., [a+ i f3 (a 

2 
n"> + y >..,(a 

2 
.f) ] , ( 11) 

I'Jle .a . 1 f3 1 y - nMHeiiHo-HesaBMCHMbie KoMnneKCHbie tPYHKUMM yrna 

pacceHHMH M aHeprmr1 JlnH onpeJleneHMH KOTOpbiX Heo6xoJlMMo wecTb Hesa- . 

BMCHMbiX MSMepeHMii. BenuqHHbi a 1 f3 1 y MO:lKHO sanucaTb B BMJle 

a=ao+~a I f3=f3o+~f3 I r=·Yo+~Y. 3Jl9Cb ao, f3ol Yo I CBH38H

Hbl9 C OJlHOtPOTOHHbiM o6MeHOM 1 B9W9CTB9HHbl M Bbip8:lK8IOTCH qepes aneKT

puqecKMii M M8I'HMTHbiti tjlopM-tP8KTOpbi npOTOHa; JlBYXtPOTOHOBbi9 Jl06aBKM 

- ~a 1 ~f3 1 ~ Y - KOMnneKCHbi M pa3nMqaiOTCH 3H8KOM llnH e p-

n •• :e + p -:-pacceHHMii. 

KaK BMJlHD ns cneJlyromnx HM:lKe Bbipa:lKeHnti ( 16)-( 21) 1 ·JlnH onpeJle-
. ~· 

. neHIIH MHMMbiX qacTeti BenuqMH ~a 1 ~f3 1 ~y He06XOllliMO nsyqeHIIe 

noiiHpM38UIIOHHbiX T9ll30pOB Heq~THOI'O paHra B e-p (nnM e+p )-pac-

C9HHMM1 a JlnH onpeJleneHIIH IIX B9W9CTB9HHhlX qacTeti H8Jl0 cpaBHIIB8Tb 

nonHpli38UIIOHHbi9 T9ll30pbl qeTHOI'O paHra B e- p :- II e+ p -paCC9HHMM. 

OnpeJlenMM npoTOHHbie nonHpnsauuoHHbie TeHsopbi a.\ 1 P . .\ 1 A.\ A . . ·-0 I I 

D · KaK tPYHKUMM cnnpanhHOCTII pacceusaeMoro aneKTpoHa o6biqHbiMM 
lk /4/ . 

COOTHOW9HUHMM : 

a>..= _l_ Sp M.\ M . .\+ 
0 2 

(12) 

a.\ P .\=_I_ S a M .\M .\+ 
0 1 2 p I 

{13) 

a>.. A.\= _L Sp M .\a M .\+ 
0 I 2 I 

( 14) 

a.\ 0.\ =lSp a M.\a M.\+. 
0 lk 2 I k 

( 15) 
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i· 

I 
.I. 
I 

I 
·I 
I 
I r 
l· 

! 

---:;~ 

l 
l 
'l. 
\ 
~ -

BbmnweM caaqan~ 

aaqanhHoro aneKTpoHa 

.KaK nonHpH30B8HHbiX1 .T 

.\ 
a 

0. 

1 -1 
a o + ao = ( 

2 

2 R2 2 
=ao+t:o+Y'o+: 

. >.. , .\ . 
a 0 An=a 0 Pn=:a 0 A 

0 >.. ·o .. , a =a 0 · .. =: 
0 nn nn , 

+ 2 a 0 Re ~G 

>.. ·.. . 
a 0 . =a 0 0 =:!1 

0 ff .. fe· 

+ 2 a 
0 

Re ~ 1 

. >..-. • 
aODmm"'aoD 

.· .,, 
=: mm. 

.+~a 0 Re~' 
.\ . 

aoDem··=ao Dem= 

=2f3oao+ 

K senuqnnaM1 KOT 

c npoJlonhHO nonHpHSOB 



pacceHHHe C H3MeHeHHeM 

~!<HMO Manhlo 

( 11) 

nneKCHbie tPYHKUHH . yrna 

i Heo5xo.uHMo meeT~:> Heaa-

W;~KHO 38ITHC8Tb B BH.Qe 

a 0 ,·· f3 O 1 YO 1 CBH38H

Bbip8;1K8IOTCH qepe3 aneKT

JlBYXtPOTOHOBbie Jl058BKH 

CH 3H8KOM JlnH e p -

i (16)~(21) 1 ~nH onpe.ue

neo5xo.u~Mo H3ytJeHHe 

e:- p ( HnH e+p ) -pac-

acTefi na.uo cpaBHHBBTb 

• p ::- H · e+p -pacceHHHH, 

eHaopbi a,\ P . .\ .A,\ 
:-0 I I I 

ro · aneKTpoHa o6hi'IHhiMH 

( 12) 

( 13) 

( 14) 

( 15) 

.. BbmHmeM cHatJana aenH'IHHhi 1 KOTOPLie He aaBHCHT OT cnnpanbHOCTH 

H8'1BnbHOro aneKTflOll8 H KOTOpbie ll09TOMy 'MoryT H3Y'l8TbCH B pacceSIHHll 

. K8K ITOnHpH30B8llllbiX1 .T8K H He ITOnHpH30B8HHbiX aneKTpOIIOB: 

,\ 
(J 

0 

n ,\ D . 'I' "12 'I f3 '12 "I 'I 2 2 f3 2 2 a o = a o · · =: a' · +' : -: ·y: = a o+ o- Y o + nn nn . .• 

+ 2 a 0 Re tJ. a + ~ ~ 0 Re tJ. {3 -: 2 r 
0 

Re tJ. y 

+ 2 a 0 Re tJ. a - 2 f3 
0 

Re tJ. f3 +. 2 y 
0 

Re tJ. y 

. D.\'= ·n -'1· rl'2 'lf3'l2 .1 ,12 2 2 2 + ao mm_ao mm_.a, ""': 1 ' -.y, =ao.:..f3o.-Yo 

. ,\ . 

a
0

Dom =:a 0 Do =-a 0 =2Re{3a* = 
L LID 0 ml , 

= 2 {3 0 a 0 + 2 ( f3 0 Re tJ. a + a 
0
Re tJ. f3 ) •. 

( 16) 

( 17) 

(18) 

:~ ... 

. ( 19) 

( 20) 

. ( 21) 

K aenHtllllJaM1 KOTOphte MoryT 6biTb nonytJellbl nHmb a H3MepeHHSIX 

C llpO.UOnbHO · ITOnHpH30B8HHblM lly'IKOM aneKTpOHOB OTHOCHTCH 

,9 



. .. .\ . 
u A = u 

0 . m 0 
P .\ ~ 2 .\ He ,B }'~* = 

m 

= 2 .\ [ ,B y +.B He ~y + y 
0 

He ~ ,B ], 
• . 0 0 0 

( 22) 

. . .\ .\ 
u A =u ·P =2 .\He ay*·= o e o e · . 

= 2 .\ [a 
0 

y 
0
+ a 

0 
He~ y + y 

0 
He ~a] , ( 23) 

.\ .\ ] 
u (). =u 0 0 =2.\lmay*= 2.\[a 0Im~y-y 0 1m~a ' (.24) 0 mn nm · 

u 
0 

ll~ n = u 
0 

IJ ~ f = 2'.\ lm ,By*= 2.\ [ ,B0 Im ~ y- y 0 Im ~ ,B] • ( 25) 

·~ .... 

Bo BCeX COOTHOilleHMHX ( 12) · - ( 25) KOMllOHeHTbl no.rtHpM3aUHOHHbiX .. ... 
e ... 

m TeH30pO~ OTHOCHTCH K OCHM 
... 

' n 
, CBH3aHHbiX C KMHeMaTMKOfi 

npou'ecca, CBH3h BBeneHHbiX Bennqnu c pe3y.rthTaTaMn nonHpn3aunoHHbiX 

H3.MepeHMil: B .rta6opaTOpHOH CMCTeMe MO>KeT 6b!Th no.rty'leHa C llOMOillhiO 

. . ) /4/ 
COOTHOil!eHrrfi Tuna ( 7,35 pa60Tbl , 

ABTOpbl 6naronap~T fl,l-1, flannnyca,· KOTOpbiil: o6paTMll llX BHMMaHMe 

Ha B03MO>KHOe ynpomeune .SMllllllTYllbl ep -pacceHHMH H3-3a Ma.rtOCTH 

Macchi aneKTpona •. 
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