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1. Introducti on 

The electron-proton s t or-uge ring f1F:R/I is up- vo t e d to the study of 

ne ut r a l e nd ern r ge d current le nton-nur:lcon Ln t e r-nc tt cn a in on energy 

r onge where both pho t on a nd weak bo son exchonge nr e pre oent with 

c omporbb l c o t re n~t h i n 0 Bpnc e - l l ke r egion : E - 30 GoV, E = 820 GeV. 
e p /1/

Ope re t i on I s p l£ln ne d t o bo ot f' r t e d 1n 1990. The physics prop,ramroe 

i nc ludes both lnvc st1 guti ~n of U :C' 'l ",- c lIll od u tunuu r-d phy:J! c s ( eleot

r owe uk tho ory und .JeD) uno u uourch f or n ow pncnomena , I n thut progr a

mme , on 1mp or t u n t r ole w1l l pl lly t ho 9 t Ully of d oop 1ne I llSti c S CO t te

rl.ng, 

t p _ o! • X, '-III , X, ( 1 ) 

TlIlJ IInll l Ylll ll or r-eu c t t on n (1) I s Ilf fo o t o '\ hy c l uc t r-ewe u k r lld l.llt1 v 

: o r ,'o c t l~ nll ( I':WRC ) , Ilmollp. lhom tile llllmorl c lIl l ,Y l llr /7,1l IIro (JED-o on 

t rl hu t! on n d Ul! t o r' hot on \)l' nmll nt rll lll ung , 'l'Ill , " O 0 1 t llor I l ml t tile k l 

110 10" tI c u l "I, nil,C o f' mOlln lnp,fu l muua ur-c men t n or , I I' UlI 'y u r-n II 0t l oo 

1I1r,,, ,, , III'VI] t o Illl t" kon I n t n " CCOUll! prorw rl ,Y" "wile l o ti ll' n uu t.r-n l 

e II/' ,'" n l ",H IC t Io n (1), 1 11 0 1 w I I. np' hr " 'TI " :ll,"'d ll unll 

p~ ' X I r ( :') 

III'YO be e n l'I r tl l c r. Lo u l u t e. ! I n/ 2 / . ll,jf: IlIl1 I y , 1I0W 11I11I1YIIO" / 3 , 4/ h llv 

or/ 3/1"' 011 purl' lIl' lTI o t1. Who , ' u lI lI t ll u KlllllIl IIll w,,' lk 10 01' C) DlI l r l b u t l o n s
 

IIl11,! '11 ClIlI b" r uc onc t 1u,l wi t il " "0 11 nthu r , til " I'll IIrll Yot nOITl ., n on 


n Uhllll1,lb l Q d !/'I",rllno lln 0 1' lli ll n ho t on IJr '" nl lll /'lIli1 I1 UIl pllr t . Ilur-n , Wll
 

p l'" o 'lI , l ou r r" o 'lll l1 1'0 1' " Qllc tl on ( 2 ) I n I. "y e ll/ Ifl li l l e WilY wi l li emphn >
 

nil (' 0 1'10111 '/'" n Dpl l/'1l1l0,Y. 

IUl elllll,l pllbl!. ItCCneJlOBaHHH .llyoHa, 1988 
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2~An8lytic81 results 
RV, A(B) V A The cross section (2) may be parametri ze d 8 5 follows: b Rb ( B j l ,y l) + Sb' . Rb( B; -Yl,-I), (15) 

d~ED 2lf~2 Sx _ L. L [, C K(B),
dxdy 

Q4 b=e,i,q B=r,I,Z q,q b 
O J 

, [V(B)' R~(B) + So ' Sq' A(B )· ~(B)] , 

Cb = {-:;l;, Qe Qq , .~~ } f'or b=e, i,q, (4 ) 

K( B) = f.J~ ~~ , 21Qe Q I." f. 2 } ( 5) q 

V(B ) =[ I , ( Ve+i\QeBe ) Vq ' (V ~+8; -I 2i\Qe ve 8 e ' (v ~ .. 8 ~)} ( 6 ) 

A(B ) =[ a , (e -I "'~ V)8 , 2[2v a + il. Q (v2+ r,2),v . a i1 (7)e e e q e e e e e q ~J 

for R =1' ,I, Z 

S = -II (-I) f or purtlcles (untlp~rtl cl e s), ( 8)e , q 

+
 
Q = + for e e - (9) 

Qq= { + ~ - j 
2 

- )"1 , + 3"1 } f o r u, U, d , il" , (' 0 ) 

2(}W IQVe,q I -4 rlln ll,ql ( 1 1 ) 

°e ,q ( ,;> ) 

GjIl ~ l 
"'f. rF" fl IT", w.'- qi' ( lJ) 

Q2 = S , x ' y , .Y 1 • , -y , ( 14 ) 

end a i s the lorllJ,itU<l\. JlI. I po I n r r zu t ton of till: loplon bourn, 'r ile 

b=e,i, q i nd Lc u t o n r ll.l l lll l"rl f r om o l uc t r-on l llg ( n) , 'l lll,rk l ng ('l ) or' 

t he i r interferen,:o (I), lind 13 • fl' I , Z moun lJ ph o Lnn ,rx<:h l1ng ll CJ'), 
Z- bos on e xc hang » (2), th l'll r j nl. o rfu r llnoe ( T ) , 'I'h ') <l ylll 'IOloo I II c on 

t ained in the f' un c t. j o ria 1l 1~ , A (Il) whic h hl' vo Ime n d rl l o r ml nll<l u nu l y t I > 

c a L'ly , Only (, of t h u I'i 11 1 t"l'o l"JIIt. o nn t.r-t bu t.i ou u IU ' .# r oo l l y I n <1 c p .~ n 

,l lln l: 

Rb(Bj 8,b)= Sb(B; a, b ) f (x,Q2 ) + (16) 
q 2 2 
~bfg(zx,Q )-fg(x, Q ) f (ZX, Q2)]

+Jf[Tb ( B; 8 , b ) z _ I I U( Bj8 , b ) g
b z ' 1 

SV SV _SV _SA e -gA .. I ,q ~ 1 e q 

(' 7)z ,~ 1"1 ""l q = I • 

Th e f ollowing r elation s ore fu l l f i l l e d n l r p. od y f or sque r e d ma t r i x 
elements : 

Rq(r) Rq(l) : Rq( Z ) , ('8) 

R1 (I ) = t[Ri (1') + R onli ( 19) 

The proof s uru g l ve n in App ond i x A. 

As 0 c on s o que nc e , t ile r omu i n inR f un c t t nna to be dete rm i ned u r-e : 

R- (f ) I RoO), 1l
0 

( Z ); III (I' ) , 11 1 ( :I.)j Il ( r ) , (20 ) ll 

Ex pll c ll formul oc o r c con tn inod in ApJ" ' I" l l x n. 
Th fl threo brc mu a t r llh l ung f un u t l on " f or pno t on o xc llonfle hllve boon 

4
p ubll a h od i n/ / . Tho c omp l o tv IHlDly tlc e xp r-nan t on hu a boen unlld 1.11
 

tho Add endum of /4/ nnd cor reo porll in e xuc lly III l h., oll r lle r, ID Ol'
 
nKt hy re llu l t on wh l c h/ 2 / hUll be lli hn narl ,
 

J . Numo r l Oll l r UBult 

Numo r i ulI l r o a u l t s o h tu t nn d wi th ttl\' IIho vu I'IIl'1nul lJo t OKo tho r wi l h 

lho gon u l no . .... k loop o IIf"l vll ouum pn "I, I' l l-IIU,, " II. Ili l r ol!uo u,1 III / 4/ 
IIr u . h own In FI ll . 1. 

" 11 0 rll d i u tl vlI oo r l'.o t l on a ror 1I 1eo l rnh  1111 " " 1\ 1 t.r-on ac u t te r l nK u r
r'o ug h l y e (IUlI l f or . mu ll rl bo ou lI.o t il (In lll l lll' L1 I1!,: I,jlm - correo t l o lle li re 
C- OVOII: Il ( r ). At l ll r p,o x (1,11. IImlll 1 o ,y for t"l x IJlI 1,j2 ) ti ll! cO l'rlc l l ona 
uooomo I IIr KO oml nO/ilu ll ve dUI t o . o ft pho l c n l'II,l l u t l on . It I I hn r . 
_h o r ll lli u Dof t ph o t on I xpo nlln tl o t l " n h" oomllll t mn nr-t.u u t , W. upp l l ed 
t h o p l' oo ." l u l'o Iw oPOl lltl I n/ ~/ t e t il ol ' I' '' <' U OIi . :J (rl . 3e (l) . Se <7: ) lIa 

:z :1 
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def i ne d in Appendix B. Bremsstrahlung become s a l s o lerge 

for very small x (i.e. l arge y f or fi xed Q2 ) . This is d ue 

d i a t i on of hard, collinear pho t on s whi c h is c on c entra t ed 
fact, from 

E~ 2 8e y 1 - E;"" sin 2 

but positive 

to the ra

there. In 

( 21 ) 

where E e
I	 i t s 

e 
d i a t i on 
ge ) x. 

(E ) is the energy of the inc omin g (outg oing) electron and e 
scat t e ring ang l e , one r ea l i ze s t het hard

' 2 
pr e f e r s large ( s mall) y a nd , f or fixe d ~ 

Fig . 1 e l sa shows a pron oun ced depe nd e nce of the 

ve n x. The orIgin of thi~ behaviour i s twofold. 

(a t l a r ge r Q2 ) is due to the normelizLt l on chos e n 

J - G'1L~ 
- <J'B t , 100 % 

(soft) photon ra-

I also small (lar-

EWRC on 

Part of 

f or 6, 

Q2 

t he 

for gi

effect 

(22) 

From t he po i nt of view of r,wRC 1 t wa ul d be mor e nn t ur-u'L to no r mu l l ze 

t ho to tu l c r-os a-nec t t on t o tho full Bor n c r OBB- Bec t i on, Lne LudLng 

U1BO t ho Z- boBon exc ha nge lind nh o t on -Z - boo on int.or ferenc e. Bu t II 

r e prellen tation8 of ( 22 ) s how t ho infl uor.cll of EWRC on II de t o r mlna 

lion 01' l ha ~ Im-st. r ucture r unc t t on F2 ( x . l ) or on n c orres pondi n,u; 

I.ICD- 8 nu 1y o 10 'l ui te c l eorly • 

Tho le lll d ing affe c t in the Q2 - de pe nnn nc n II d Ull t o tho mRI II ni ng ul ll 

r l U oo of br e moll l ru h l ung . I t 18 ne ur l y ox e l ua I VII due t o the l orma 

I n ( Q2 /m~) t with ml - t he el ec t r on muon nriz l ng I n tho l opton l ug r-u 

d lll llon t erms F ( B) , B - r , I , Z . Cna migh t 8poc ulu to whe t ho r the 
;> 0 

Q ' - de pe nde nc o i l u loo l nfl uonco d by tho 'l uu r k d lnt r lbut l on. 

f Q(x , Q2 ) wh l oh i n t Ill.! preoe n t upn r-ouc h cu nnn t be t ukon in t o uc e oun t 

t o t.ully c or r uc L unde r t ho i ll to g r u l fO l' hur tl \)r o IOIDtru ll l u n~ in OUIIA 

of	 l oplon l eg r 'Hlt u t l oll ( h - 0 ) 11 11<1 l op l on - ' lIl11 r l« l n lo r r ll r llnoo ( h-I ) , 

A numn r-L o.. l . t udy of t hul qUlIll t t on t ll' lI blla ll po r ro r • • d Ull lllg lh. 

pro~rl' m '1'ICIlAD U6 / 6/ wh i oh oon t ll l nl f or t il. photon - l xohunR' br Onlllll

lruhlung (b- f > II t wof old in tegrat i on ov ar x lind Q2, Wo nn tl c ed t.hu t 

rre. ~ lni nu t t h l Q2 - dope nde lloe of tllll '111111 r ic IlI DLr llJ u l.l on D unl1" r lli o 

I n LoRrlll lnfl utrlol. t ho oor r l o tl on on l y 1I 017,1 1,u;1 1.>1I . 'r ill . I I nn l l ur 

pr i l lna: I n vi ew o r Lho fu o t t hll t Lilli lll' II111 u t r nh1 unil a n r r oc t lo ll 

r uno t t ons S , T , U (lopone l muc h lI t r ollK" r ':lOll :l 1111111 t h .. IUlU ' Y, .lI nl rl 

lJulion•• 

, I 
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4. Summar y ( - 5) . Further,
 

We ha ve de ri ved a cl os ed , c ompa c t expre s s i on f or t he t ota lly i nc 

2 _ 2 r

l usive phot on br ems str ahl ung c or r ec t i ons t o ne ut r a l - cur r en t dee p mB - MB - iMB B (A. 3 ) 

i ne l as t i c s catteri ne of l ongi t ud i na l l y pol ar i zed el e c t r ons (posi t 
r ons) off pro t ons via phot on and Z- bos on ex chenge at HERA energi es . , 2 (A. 4 ) 
The corr ec t i ons may bec om e l a r ge which suggests the i nvest iga t ion ar B PmB 
of the i nflue nc e of kinema t i c cuts on mYRC. Sof t pho t on ex pon ent ia
t i on co ns ide r a bly change s the EWRC . That r ai ze s the quest i on of a ,
 al lowi ng f or re s onance scat te r i ng 8 S well, 
mor e co mpl e t e t r ea t ment of O (~ ) co rrec t i ons as is a va i la ble f or The ZI - Z2 interfe r ence con t r i but i on t o t he l ept on-quark i nt e r f e 
low er ene r gy sca t t e r i ng i n / 6/ . Though afte r so me i mprovement of t he r enee br emsstrah lung ro d ia t ion is co nt a ined 1n : 
MC - pr ogr am of t he Wur z bur g gr-o up the agr ee me nt wi t h our r e s ul t s be 
came much be t t e r , i t woul d be qui t e de si r a bl e t o ge t a compl e t e nu

e e
me rica l a gr eement of t he bremss trahl ung r e su lts of di f f e re n t groups . t + (1..- 2) ( A. 5)~q')~~ ( Q )I = \)e ( ZI )+6i ( Z " Z2 ) +~ ( Z2 )

A ... (1....- 2) • 
Appendi x A 

The r-e I n t i on between t l H~ t hr ee l e p t on- quor k i n t er fe rence bre ms s t ra h
eJl.{I ) =6"i ( ZI , Z2) + 6'""1 (Z2 , 7.1)

l ung cont ribut i ons due t o t he excha nge of t wo In t er f e r i ng boso ns 
2 2ZI ' Z? with mns s e s M,. M2 /lnd wi d t hs r1, r2 may be do r ived a s f oll ows : 2 2 Q2+ . 2 ~ ..m 

RRr - Q--, Q- - , ( ~ .~ )t 
~ ~+ " ~ +m1Q Q"'m1 m2 ~ m2
 

c e ~
 2 2 ,, 2(fe( ZS ) I Di (Z B) - G'q ( ZB) , ( A. 1 ) .2 Q2'm2'1';;,.,.Z,\" h- ~ ( A .6)+ RR" ~ , (~ .. ~ 

D 1. 2 . J tm1 Q t m2 .l t in ;> Q t ml,(\~ , q .:::II 

*" (~ 2 'rr/) 0.2t tl:2 
... I.? 

He r ,., w (~ 111' 0 IlI tl ~I ' o s t e d on t v I II '3""1 (7.0 ) : Re lll C2 ~1 l 2 Tm " (~ 
../ t m, J2.rt '2 

rz: t1 _L i . ~ . -Q~) - C{7. 1, 7.2 ) ? RO/ll [X 1 ~; " l ( I ,J ' \), ( Z Il ) a nn (~ ' ~. ,
 
.. In O .. In n "".' ,. "" ~
 .. "a "" mn 

. r; v t d u n t l Y 
or 
~ 

. II\ ~ .. 1'l F' , 1/1: /1 \ [2 f1 H· ( \:, " 

~ 

)] (A. 2 ) 
B ~ ' mn ni ('f) - &[ Ill ( Z I) • Ir,- ( Z;,)] • (A. 'f) 

a C ([I ) IX"I:' 1l0 /ll [ UI (ZnU• Ttl I ' II tr ll., "I li a i n t ho npnc t nL CIIIIO t tllli. (11111 0 1" th., C1 xe h . ,nB\1l1 bo 

nn th. ' nlIIlI lI l o ll n photon . Eq . (I ll) nI" Y bn pro vo ,l 'Iutto ot mt l ur-Iy , 

Til (A . :n nLl thtt I"Ull tlu' c;n 0 1" t h " 1\ ' l lI/l r ud IIl1 l t rl x e Iumu n t , whi c h ur 

no L d e po nd o ll t I n t il l! 1" ' Op/lg /l\ o l' 0 1' t.hu o x oh/l n p;o \l honnri, wo COIIUI Ll o r APPIJnlll x II 

t n bo con t o Lno rt In t ile II. Wo 11" (/ " no tu t t on wll l eh I nc l ul10 11 . , 1:10 I II 'l'h u 1 ': " \.0 11 1l!Po phut Oll I t r . lI l lln //, e o r-r-u c Lt on r UlIotlll ll n IIr
 
cnne of unn j.h i l u tl on t ns t uud 0 /' aC ll t t o r l lllol i t nen ~ no hll " t o c hlJn il,
 ]
 

1 1. . ~l n~ ( ll b )-2 ·1 . ( II . 1)t h u i n,lI.clltI (' : , q) In t o t ilt U"l ( /"w, t) 11 1111 Lhn I,J ' I II r Qp l llo ,J(\ hy ) (I.,. • ,) ' ~ t1 I . 

n-A',T , 'I. 

Ii 

http:1':"\.011


The exponentiation of t he c on t r i bu t i on from s oft pho t on s hes been 
d one f9 11 0wi ngl5/ : 

Se (Bj B , b)~ Se (Bj a, b) = Se (Bj a, b) - a 26 (B. 2)i nf 

2 2 
xI Ydinf = (Le -1) In Cl-xY)(I-yx ) (B.) 

l 

2[
2(ln+ - B=d,I,Z ( B.4)l)J,Te(BjB,b)=a 

me 
2 2 

U (I\-a b)=y2 [ l-L _ ( 8 +b )tZ-ll + -l. I n ~ e a' , e 2a 2z ML x p x 
(B. 5) 

~2 1 s 2 b2 ]- ~ LO - (a- ~ - z B y + ) b In ~
 
e p
 

In Ue(tje,b) a dependence on a quark mass m hes been elimi n ate~ in 
q 

fe vor of the prot on mass ~ using the (formal) r elation mQ=z M ' 
p

This is jus tified by t he analytic agreement wi th formul a e obtained 

i n a fo r ma l i s m which is not ba s ed on a q ua r k por t on model / 7/ . All 

con t r i bu t i on s to Re(B ) show the logarithmi c me s s s i n gul a r i t y f rom 

t he e l e c t r on mOSa . 

2 R
 
U· (I I II , b) . y {[ y +z ( O+b)]. (l - L )+¥ - rz 2 ·
 

e 1\ 2

I 

2 
~ (I +R) L .. ~)In ( I+I)+ Ie .. ' t - ' ll! l V 

"Zl 0 z 2z. L I 

22_
 
z 0 +li2 L"
 ( B. 6) 
2 v.~ I ' 

I • z b 4 ,z l • zo-b , z l Rz ! II) • z b - yR , 

J1 
z2 • z b l y , z2 • ZD RZ2 , -, • I - x, n. + (D. '/),j 

Q 

Q2 2 

1.0 • I n 2) ( z -l ) L• • n ~ cu.ui m. m. 

L1 • I n 2 2. ~ __._ ) I i · I , (u . 9) 

"
 

' ~
 
Ue ( Z j B, b ) =y [-y ~i+RT +
 z (a +b )+y ( I-L ) e 

(1+~ )Z b [ ( za ) 2 + (ze )z)+z~} (1 + ~ )za [ ( za ) 2+za z 2 + z~J -
z l z;> 

- ~{ Z 2 z 3 - ~~ ~: ~ ~ [ ( ze) 2 + zn + z} { ( za)2 _ll1:!:lll
1 ;> 2 ( z+R) 

~L 2 2 ] J (1 ±'RJ ~ [ 1 z L0
(B. l 0 ) . (za) + z2 + Y ~ Z I n(' + ji ) - ~ 1..
 

2 b 2 2 2
 
+ [ ( I +R) z z ~ ( za - Rz) + z2 z ) ' - a Rz - Z)y ( 1+R )] 

-+ .L .. [R _ ( 1+R)Za ] ( za ) 2+z2
 
I 1 z2 2z2 2 . L:?
 

Th e lepton-qua r k 1nterference br ems stra hl ung correc ti on fun c ti ons 

e r e : " x, 2 
S i ( ~ ;a , b ) e " 41 n x I n ~ 'Y {O ln~ - ¥ r1 n2 + + 1T $ ( b il l (B. ll) 

2 ( B. 12 ) T Bj 8,b) = 40 In~ B=O',1 ,Z ,
i( 

Ui(a j/l lb) .Y {~ - o:b + Z: 1(8 'b)ln lrt- (o+b-4i)1n~J I ( B.1) 

S l(Z jfJ ,b ) . 112{ ln~ [41n · : l .. I n ~ - 4 1n ( 1+ ~) 4 2 <P ( 1 • yl-) 

- 2 1' ( 1 - y~) • 7T2[ O(- bl- {) (IJ )J ) . 2Yl 1+R) 

.I.{ ln*-t l +R) I n t l "~ ) -t IJ . b- YR) · [ P ( l ' k) 
- P ( I - ~) _ I n ( 1+ ~) I n I~ /] ], (11 . 14 ) 

;" ll ) ..I 
2 

in ~ • ( ,. n) ( r. - yUi (Z jll , lJ) . " z II 1 7, 1 

• y 'U - H)¥ ' K ..
In 

1\ 

I) 
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() 

T'he Lllt"r r llr l!l l()f! t' un c t Ill lli ~,,( Il) <1 0 no t, o un Lu 1n /IllY lOl l . ' a l ngu l u >
 

r i l l
 

1'h w quu nk l Ull ph n tnn hr ollll l ' l l.r ll h1 ul1/t c o r-r-uc t Lnn r unc t t onn li r a :
 

2[ ,. " ,	 x -/x x
( \I i \I ll ) . 11 _ :l. - -" - I 1 1\ - _ .1..1 11 2 .:1 .. (1+ 1 n-1. )I , ( 11 . 1'1) 

' I a ' , ~ h T x ~ x ( x q . 

;> 
T (l'Ijll,h) • 1? 1'l n .. ( 1\. 1lJ) 

C\ a	 L III ( 01 - 1 ) 
- t ] 

C\ 

lI \ ( f j O ,h) . U2 J iL _ I 1 - ( 1 
2 _2 

r L 7.- 1 I 1 )[ ~111 ' ( z- l ) - I]}'
Z lOCI 

-t ti ll h - t (,, -t il ' ~) •	 (8 . 19 ) 

Ac:lmowl o<1 gemon t 

We would l1 kll to thun l?" tho or-gnn t ze r s of the In t e r no tl ona l Sy mpos i um
 

on Hadron Inte r a c l\ ons - Theo r y und Phe nomen ol ogy, Bec hy ne C! s t l o ,
 

June 2 6 - July I, 1908, Cz e c hosLcve kLu , where the pr e s e nt r e s u l t s
 

could be pre sented.
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