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2. Application of the Renormalization Group
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3. Different Variables
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\/  SUBSYSTEM VARIARLE
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L $ Q* y - J(=,9,2)
'lepton measurement | zs | Q*z (z+y-1)/z| y/(z+y—1) |
jet measurement zs | Q¥(1—y)/(1 —y/2) y/z (1-9)/(z-v)|
‘mixed variables zs Q*z y/z 1

' double angle method | zs Q*s? y z ‘I

' ysp and 0. 25 | Q2(2—y)/(1-y) y/z (z-y)/(1-y) ]|

Table 1: The shifted variables for different types of cross section measurement
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4. The Corrections up to O(a’L?)
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Figure 1: Diagrams contributing to the radiative corrections up to O(a’L?).
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Figure 2: e~ — e' transition probability for different values of Q2. Full line: Q? = 10 GeV?, dashed
line: Q2 = 100 GeV?, and dotted line: Q? = 1000 GeV?>.



THE. conTRIBLTIONS :

12 o) T ‘ :
LE° 4o Lo | de®
dxdy dxd% dmdj dxdj

d!.o.(ﬂ @7- @
- “ h(m)gd% p ‘cz){&@e -%) Fouym)FT— dbhﬂ =

AKX dwy

xdy [
B REHSSTRA KLLMG _ &o® -
o@'xd3 ,&
d?. (‘L\ 1
2 (&) d‘ﬁ
— di }
B%Hsaumwe dhdj

—4-(1_5 J&L(@}) c&,a(z) +3 &LF) P"’? (%\SL
. 3 PAIRS +- 79 FTERHON) PAIRS

X Blxysm) 40° jt::; 8’ RONNING O g |

PX/Ox Y /ox
[ BX/%y  9F /oy |

] (X.",. $) =

RESCALING : SEE TARLE AROVE.



SPLITTING FunCTions :

2<A4:

O(a) : Pom)= %

1-%

(@ - $rme Re®)

_ e i 2N .
- e a2+ dnpta
- @-%)

O(d?-){ ‘f’*‘(%), = é[ &x @ ® P}c(i\“

- B bz « 10+ 3 1 -2

(Fe®) = N o f ree B(1-2- 22t

OTHER CONTRIBUTIONS :  (UNIVERSAL , LAREE)

% % % O oo @)



OFT EXPONENTIATION -

SOLWE : LO - GRIBOV LIPATOV eq. (NS) ®orR &z—>1

exp [3¢ (3 - 218)]

Ds(= @) = {0 - ' — s

(8)

with

¢ = -3l [1 - (a/37)In(Q*/m})| (9)

(QONNING  Olger !) |
| THESE [ERHME WERE
v TAWEN INTO ACC. ALREMY

P2* *(2,Q) = Dus(2,Q") - % In (ﬂ) . {1 + —%h (%) HH +2In(1 — z)}]} i

m2)1-—2z 2/ 16
mql" ﬁlim').\
A2 g(>2s0ft) 1 _— d2a(®) &2o©)
a’dmdn - lﬂ dz pff:)'ﬁﬂ;{%z = %-Mea,y',z)# le=s y=g,0=s — d:dy. } (11)

Yo . |
S NOTE: NO'WNIRUE' EPONENVTIATION ExEs -



— . ]
COLLINEAR SITUATIONS

,,/< Ocout € : INmAL STATE
v BELECTeon
€: FinkL STATE
ELECRON)
= Dot Q: INTiAL STATE
9 /f . g QUARK (MNTIQUARK)
G : FNML STATE
BUARK (ANTIQUARK).
% =
M Beor (OMPTON) PEAK .
. I t
q\ l* %&(x‘)ﬁ Hp o

EADING LOE CORRECTIONS
m==) LEAD

RELEVANCE. * OF AL THESE CONTRIRUTIONS
N THE  K-FACTORS.

o ISR LEPTON RADIATION REMAiINS ((BEAM- HOLE),



- i
FUAL STATE ELECTRON RADIATION

— =

. » « » I ’T
: o4l AL j_]
q /\ COLLINEAR Bred

3|'TUNWON‘ a2 e .
(3

CALORIMETRIC MEASOREMENT OF THE
FINAL STATE , FiNAL RESOLUTION

/\ INTESRATE  RADIATED Y HOHENTA A& FERMHUON
\ HEASURE  e" KINEMATICS

KIN ~THEDREM For RAD.
FINAL
staqae !

NO LOGAUTHMIC (oNTRIBUTIONS |

— LEPTONIC TEINAL STATE

——= QUMK FiNAL STATE.



B
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Figure 1: Differential ton cross section Eq. (8) as a function of y; for z; = 10~*
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5. Numerical Results
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Figure 3: Leptonic initial state radiative corrections dnc(z,y) = (do(®+>2!) /dady)/(do®/dzdy) in
LLA for ¢~ p deep inelastic scattering in the case of jet measurement for /s = 314 GeV, A = 0, and
Q? > 5GeV?. O(a?) corrections: full lines: z = 0.01 and z = 0.9; dash-dotted line: z = 107*.
Contributions due to ¢~ — e* conversion eq. (13), 855" (2,9) = (do®< ") /dedy)/(do®/dzdy):
upper dotted line: z = 0.01, lower dotted line: z = 0.9. Both graphs are scaled by x100; dashed line:
2 = 1074, scaled by x500.
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Figure 1: Comparison of complete O(a) and LLA calculation for leptonic variables



Figure 2: Comparison of complete O(a) and LLA calculation for jet variables
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HECTOR |- a program to calculate QED and

electroweak corrections to ep and I[* N deep
inelastic NC and CC scattering

A. Arbuzov*»! D. Bardin'?, J. Bliimlein?, L. Kalinovskaya?, and T. Riemann®

! Laboratory for Theoretical Physics, JINR wl. Joliot-Curie 6, RU-141980 Dubna, Russia
*DESY - Institut fir Hochenergiephysik Zeuthen, Platanenallee 6, D-15738 Zeuthen, Germany
3 Theoretical Physics Division, CERN, CH-1211 Geneva 23, Switzerland

ABSTRACT

A description of the Fortran program HECTOR for a variety of semi-analytical calculations of radiative
QED, QCD, and electroweak corrections to the double-differential cross sections of NC and CC deep-
inelastic charged lepton—proton (or —deuteron) scattering i esemrbed‘ HECTOR originates from the
substantially improved and extended earlier programs HELIOS . It is mainly intended for
the calculations at HERA or other ep—colliders, but may be 311%0 mued ﬂor similar processes like muon—
proton scattering in fixed—target experiments. The QED corrections may be calculated in several
different sets of variables: leptonic, hadronic, mixed, Jaquet-Blondel, double angle etc. Besides the
leading-logarithmic approximation up to order O(a?), the exact O(a)corrections and soft-photon
exponentiation are taken into account. The photoproduction region is also covered.

f Supported by the Heisenberg-Landau fund.
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6. Conclusions

1) LEADING AID NONLEADING LOGARITHMIC COMTRI-
BUTIONS TD THE RADIATIVE CORRECTIONS TO
INELASTIC SCATTERING (AN BE DETERMINED
STUDVING THE REE- BEHAVIOUR for THE
DIFFERENTIAL CROSS SECTIONS.

1) THEe LA TERMS RESULT FROM THE EVolLuTioN
EQUATIONS  OMLY. NLA TERHMS IN WEHER ODRDER
RER. THE KkowlEDeE OF COMPLETE LOWER ORDER
A CULATIONS .

3) K-FACTORS ARE VERY DiffceenT For DiFFE-
RENT  EROICES OF BoRN LEVEL UARIABLES

& LA TERMS To O (al}) #Ave BEEN
STUDHED QUANTITATIVELY fOR & Cmoices UseDd
AT kEAA CORRENTLY.

5) Lo TERMS CAN BE FACToRiteD N TERMS OF
RADIATING FeERMiON LINES.

6y ™e (oHpTON TERM HAs ANALYSED ; (T
IS RATHER TO BE ConsiDERED AS AN EXCLUSIVE
CHANNEL YIELDING A WinDOWw TD STROCTURE
PUNCHONS AT SHALL QF 5 SHALL x THAN A

CONTRIGUTION TO THE RC'S .
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7) NOT EVERY CHOICE OF BORN LEVg.
VARiKBLES LEMDS TO sTRBLe  RC's (B, y,).

%) LEPTOMIC VARIABLES RERUIRE A COMPLETE
SOLLUTION OF THE  EVOLUTION ERLS . —  J&h & -

g) THE DOLBLE ANEEL METHOD Is MOST
CONvVENIENT froM THE PoiNT OF ViEw OF THe
RC's : THEY ALE FLAT N 4 FOR x- cmd.

AND THEY ARE sSHAWL. — ETFE Crive
BORN (EVEL
hEAS LeEHENT.

k) O) (oMPLETE Xk O(ol) RESULTS ALE VERY
CLOSE TO ENCH OTHER NUMERICKALY.



