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Level-1,form3

FerSelf.frm CalcFerRenConst.frm
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BosSelf.frm
CalcBosSEblocks.frm

BffVert.frm fififfRen.frm £ f, FFHA.frm
Box_NC.frm exact / limit
4fBoxes.frm -
Box_CC.frm udbRen.frm udMHA frm
4fBrem.frm
l

Level-2,fortran

test—fortran
eeffLib

1-loop + soft
do

Input Parameter Set

Comparison

s2n.f

1-loop + soft
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' Automatic Calculation for Processes '

COMPLETE ONE-LOOP ElectroWeak

SCALAR FORM FACTORS (SFF) & (HA) HELICITY AMPLITUDES

e SFF & HA for ANY NC: fif] — ff

o SFF & HA for ANY CC : fif, — ff,
but in v.0.21: ud — v

e SFF for NC ff2B —0: ffvy, ffvZ, ffvH
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SFF & HA for ANY NC fifi — ff

® K¢ gauge

® fl — UV,eu, d
f — ANY MASSIVE FERMION

MASSIVE CASE AND TWO LIMITS

m_ — 0

m . — 0

f

ref.: A. Andonov, D. Bardin, S. Bondarenko, P. Christova, L. Kalinovskaya and G. Nanava, “Update of one-loop
corrections for ee™ — ff, first run of SANC system”, 34 N5 Particles and Nuclei (2003) 577-618
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| Amplitudes in L, (), D - basis '

S f

(Z,7)
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i (1 +75) F (s) + i7uF) (s) + m/ID,Fy (s)

D,M — (pS — p4>lu
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l Born-like structure '

of the ONE LOOP AMPLITUDE in terms of
LL,QL,LCQ,QC, LD and ()D form factors

ATQf Q)
A =i Sfl Ly (s)als)y. @

2
A, = i Al U“XZ(S)

167T2 S

X A1+ 75) @ 11+ 75) SFF (5, 1) — 4|Q |53 @ 7u(1 + 75) SFF g, (s

— 4 Qyls7vu(1 +75) @7, SFF (s, 1) + 16|Q 1, Q537 © 7 SFF s, 1)

+ Yull +75) ® (—imy D) SFF1p(s,t) — 4Qp, sy, ® (—imyD,) SFFop(
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fifi — ff process in the Helicity Amplitudes

16 HA for any 2f — 2f process.

For the NC process and if the initial mass is ignored — 6 HA, which depend on kinematical variables and ou

HA 4
HA, . _
HA. .
HA, __

HA_ .,

HA_, | =
HA__,, =

6 scalar form factors:

0, HA .., =0, HA,, =0, HA, . _ =0,
s (1= cos ) (Q1,Qrals) + X[ (1+ 8) [V SFF,, +6;SFF,)),
s (1+ cos ) (Q1,Qrals) + 07 [(1 = By [/ SFF, + 6;SFF,)),

1
HA, . =2/5m; sim?(@ 1,Qrals) + X041 SFF,, +6;SFF,, + —sﬁﬁﬂ?’)sww]),

HA , = —2sm; smﬁ(cgfl@fa( ) + Xz [21 YSFF,, +215,SFF,,

+87,1SFF, + 01,0;SFFqq + SﬁfQI (21PSFF,, +5fISFFQD)D
s (1 + cos®) (Qﬁ@fa(s) + Xy [ (14 8;) @IV IVSFF,, + 6, 1SFF,,)
45 (21 SFF,, + 5flsFFQQ) ])

s (1 — cosd) (Q £ Qrals) +x2[ (1 — Bp) IV (21 'SFF,, + 6,SFF,,) + 6;(21'SFF  + 6, SFF 4,
00 HA____ =0, HA___,=0, HA____=0.
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' Differential cross section '

for the amplitude HA ) .y, each Index A j x 1y takes two values (+ = £1) meanin
2 times the projection of spins fi, f1, f, f onto their corresponding momentum.

For the unpolarized case:

do T

2
deostd ?ﬁfNC Z ‘HAAM%\/{M
MA AN,

‘ 2
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l Comparison — Agreement '

fifi — ff, ALL CHANNELS

o s2n.f-eefflLibZFITTER |

SFFs — 89 digits

Complete 1-loop differential cross section do(l) /d cos
— 7-8 digits

Total 1-loop cross section and of? for the light fermion masses
— 67 digits
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l Comparison — Agreement '

Drell-Yan type processes
uu — ee
ull — it
uU — TT
dd — eé
dd — oy
dd — 77

o s2n.f eefflLib |

Complete 1-loop differential cross section do(l) /d cos

o and GF scheme
— 9(e€)—14 digits



Proccess u+u — e+ ¢

o scheme

cost/\/s

500.0

1000

-0.900

height-0.500

0.03581972580387
s2n
0.03581972581963
0.04446013767097
0.04446013767140

0.00899670297493

0.00899670297604
0.01071308354911
0.01071308354910

ceffLib

0.000

0.09778676798511
0.09778676798584

0.02246673648080
0.02246673648085

0.19087729262934
0.19087729262959

0.04269498400766
0.04269498400772

0.900

0.28031863553893
0.28031863548505

0.06096810618306
0.06096810617686

G F-scheme

cost/+/s 500.0 1000
-0.900 0.03547857982171 || 0.00890403807530
0.03547857983735 || 0.00890403807640
-0.500 0.04443025506435 || 0.010684471 74734
0.04443025506477 || 0.01068447174733
0.000 0.09818115675064 || 0.02248135876431
0.09818115675138 || 0.02248135876435
0.500 0.19145389752211 || 0.04262832096331
0.19145389752233 || 0.04262832096338
0.900 0.28026130655663 || 0.06056928257284
0.28026130650034 || 0.06056928256636
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Proccess d+d — e+ e

o scheme

cost/\/s

500.0

1000.0

-0.900

0.01511430405014
0.01511430405059

0.00341380884032
0.00341380883937

s2n

ceffLib

-0.500

0.02054686266316
0.02054686266347

0.00455766213393
0.00455766213398

0.000

0.05127896997667
0.05127896997711

0.01144306437773
0.01144306437775

0.11322875003706
0.11322875003788

0.02592450527077
0.02592450527078

0.900

0.19668817834209
0.19668817835267

0.04724845288244
0.04724845288320

G F-scheme

cost/+/s

500.0

1000.0

-0.900

0.01537277741159
0.01537277741220

0.00346067289523
0.00346067289423

-0.500

0.02076622609081
0.02076622609113

0.00458558222594
0.00458558222599

0.000

0.05166875336279
0.05166875336324

0.01148059111328
0.01148059111331

0.500

0.11428327380515
0.11428327380598

0.02609108409765
0.02609108409766

0.900

0.19924503971416
0.19924503972523

0.04783376929622
0.04783376929702
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SFF & HA for ( CC ): ud — lv

APPLICATIONS:

e Decay: t — blv
e DIS: yyu — etd — talk by A. Arbuzov

e Drell-Yan type processes: ud — 17v
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| Born-like structure '

p1 P4

p2 p3

Q> = (p1+p2)* = —s
T? = (pg —|—p3)2 = —1

U? = (p2 +p4)2 = —u
2

s+t+u=m,
ig?
Avd—, ~ S(M%/ n Q2) ’yu(l + 75) & ’}/,u(l + 75) SFFLL(S, t, u)
+ Y14+ v)® (—imy, D,) SFFp(s,t,u)
my, # 0
D, =p3— s

see ref: D. Bardin, P. Christova, L. Kalinovskaya, ‘SANC Status Report’
Nucl. Phys. B (Proc. Suppl.) 116 (2003) 48-52.

(ECFA Meeting, Montpellier 15.10.03 L.Kalmovskaya)




Comparison — Agreement

eefflib-s2n—ZFITTER

Input parameter: Z-mass = 91.1867, W-mass = 80.4514958, H-mass = 120.

For the SFFs AGREEMENT within 8-9 digits

1.05700876

s,t,u=— 10C. -1. -99. SFFIFP (16.607403, 6.41190085) eeffLib
16.607403, 6.41180085 s2n
SFFIYVY (12.5405065, 0.0155681267) eeffLib
12.5405065, 0.0155681267 s2n
SFFrLr, (1.04796481, 0.0168435724) eeff
1.04794194 instability in ZFITTER
s,t,u= 100. -50. -50. || SFFI"P (45.962368, 6.41190C085) eeffLib
45.962368, 6.41190095 s2n
SFFIYY (-15.2896247, C.0157932753) eeffLib
-15.2896247, 0.0157932753 s2n
SFFrr, (1.05196073, 0.0168441624) eeffLib
1.05196079 ZFITTER
s,t,u— 100. -99. -1. SFFIFP (113.240851, 6.41190085) eeffLib
113.240829, 6.41190085 s2n
SFEFY (-80.6418362, 0.0160183836) eeffLib
-80.6418362, 0.0160183836 s2n
SFFLr (1-05700864,0.0168447523) eeffLib
ZFITTER

SFF(s,t,u)=1+ %SFFSED(S, t,u) + LzSFFE]YV(S, t,u) — Ar
TSw

4TSy
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l Conclusion '

Status of 2f2f — 0 in SANC

do 2

d cos N

Born+1—loop+soft
> ‘HA(SFF R BB
)\i>\j>\k)\l

e¢ hard photons from a partner MC
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SFF for ( NC ) ff2B — 0 :

ffyy — 0 :

ffZy — 0 :

ffHy — 0 :
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' Amplitudes B — ff~ in chosen basis '

f
f
20
Ay = Z SFF; - Structures;(1,v5)
1=1

40 40 12 STRUCTURES
X H

J/

Z
B
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' DATABASE ideology of BUILDING BLOCKS '

f H(Z,7)
«—— — — — — —=—¢@——- «—o—— — — —
. A A
/W —a\ VW ——— @V
f v
Self-Energies Vertices

BANK OF PRECOMPUTED FEYNMAN DIAGRAME
FULLY MASSIVE CASE !
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Boxes topology
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l Gauge-invariant subsets of diagrams '

k
e {A— ¢} A CLUSTER 1
e {Z ¢ — £, Z CLUSTER 2

o {IWW, 0™ — £} W CLUSTER 3

e {H ¢ — &, H CLUSTER 4
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l Minimum set of structures for H — f f~ '

4 4
A, =) Ay =) (SFF} iy, + SFF5 p;, + SFF§ po, + SFF} b7,
k=1 k=1
+SFF5 ip,p1, + SFF§ iD,p2, ) (1:75)

1 1
— SFF% —,
X %plﬁzﬂ
o1 1
— SFFE@[ — 2p2y+§%])(1;v5)
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Limit case H — ddvy

50 1 M
SFFV3 = sy (—— AE— zcw) —ZEIm(—u, —t)

4¢3, cw 27
5 1 M
2 Tz lzm
S 1 ,
SFFA2 = 2 ([ — — 1) M F™(—u, —t
3 9CW(4CW ) 2B (=, =)
Sw 1 -
SFFA?2 = 2 [ — — 1) M Fli™(—¢t, —
4 9CW (4CW ) Z 2 ( Y u)
. M2 —t t
FQMm(_t7 —U) — (Mg o t) [%(MI% o S) + g] D0(07 _m?i) _MI?U _mc217 _ta — U, Mq, My, M
M2
+%[(M2 —t) Co( —m3, =Mz, —t:mg, My, My)
—t CO( md) —t; s Mg, My, MZ) — U CO( mczla —U, Mgy, My, MZ) ]
(t —s) 2
+|:(M§ _t) st o U — M%Mg] CO( —m?la _Méa_ua mgq, MZaMZ)
1
#2—— | B (= w; My, 0) = BY(— MZ; My, My)
u— My
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l Checking '

BRIV PR RS

e cancellation of UV poles

e vanishing of EWFF in front of CP-odd structures,

vy — tt: 40 Structures —— 24

L WaI‘d identities: Aluy * (pfy)y — O, Aluy * (pfy)lu — O,

transverse nature of photons: 24 Structures —— 13
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