BENCHMARKS
for EW lineshape, loops + boxes corrections
in different codes

E. Richter-Was, IF JU EWPrecisionWS, Paris, 24.05.2018



Table 45: Different options for EW parameters setting in </ " *EW matrix element as defined in formula
(64). Indicated is the value of the form-factors. Only those fulfilling Standard Model tree-level relation
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Benchmark table: EW 1loop

Table 47: Results of calculations: masses, couplings, etc. Tuned comparison:

predictions with EW

1-loop corrections, configuration of Dizet 6.21 shown in Table 39.

Parameter Powheg_ew ||Dizet 6.21 | Description
(EW 1-loop) || (EW 1-loop)
Mw 204912759 | mass of W boson
Sy ? 0.22084586 | s, = 1 —m3,/m>
Cy 0.77915414
[I'Q;-_'”{.""fzjl ? 0.007534
1/axpeEp(Mz) . 132.7316
i (Mz) 0.1250
(1) ? 0.1134
ZPAR(1) = Ar 0.0286451 the loop corrections to G
LPAR(2) = Arpem ? 0.0 the remainder contribution )
ZPAR(17) 1.04204102
ZPAR(18) 1.05001972
ZPAR(19) 1.04144942
ZPAR(20) 1.03347072
ZPAR(21) 1.04205621
ZPAR(22) 2 1.04986350
ZPAR(23) ’ 1.04144942
ZPAR(24) 1.03347072
ZPAR(25) 1.04204134
ZPAR(26) 1.05002004
ZPAR(27) 1.04201352
ZPAR(28) 1.02762415
ZPAR(29) -0.00002603
ZPAR(30) 0.21220659
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Benchmark table: EW 1loop

Table 48: Common forDizet 6.21 and MCSANC convention, real part of form-factors for /s = mz and
cosd = 0. Shown are tuned (EW 1-loop) and best default predictions of both programs.

Form-factors] | Powheg_ew (|Dizet 6.21 Dizet 6.21 Comments
(EW 1-loop) (| (EW 1-loop) || Default (KKMC)
Peu 1.0064962 1.005408
K. ) 1.0415753 1.036649
K, : 1.0411421 1.036172
K., 1.0827174 1.074146
Ped 1.0069491 1.005894
K. 2 1.0415753 1.036649
K4 | 1.0406299 1.035603
K.q 1.0822052 1.073556
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Benchmark table: best predictions

Table 46: Results of calculations: masses, couplings, etc. Default (best) predictions of both programs.

Parameter Powheg_ew Dizet 6.21 Description
(EW best) ||Default (KKMC)
Mw 80.353 GeV mass of W boson
sH ? 0.22351946 sp = 1—my, /m;
i‘i.r,.
@orn(Mz) 0.007751 0.007759
1/agep(Mz) 129.02086 128.88259
LZPAR(1) = Ar 2 0.03694272 the loop corrections to G,
LZPAR(2) = Aryem : 0.01169749 the remainder contribution Chw)
sin®65’ neutrino 0.23137443 | ZPAR(5)
sin®6(]” electron 0.23175590 | ZPAR(6)
.s‘ir:zﬁ{'r muon 0.23175590 ZPAR(T)
sin®6]7 tau 5 0.23175590 | ZPAR(S)
sin®6]” u-quark : 0.23164930 ZPAR(9)
.s‘ir:zﬁ{'r d-quark 0.23152214 ZPAR(10)
sin®6]7 c-quark 0.23164930 ZPAR(11)
sin®6] s-quark 0.23152214 ZPAR(12)
sin265]" b-quark 0.23307588 ZPAR(14)
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Lineshape: ratio to EW LO
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Table 49: Normalisation corrections to the total cross-section. Shown are individual normalisation factors vs predicted with EW LO «(0) scheme EWopt

= L.
Version Corrections to cross-section Mee = 89 -93 GeV | mg = 80 - 100 GeV || Comments Comments
EWopt=1 | EW a(() 1.0 1.0 reference sﬁ =0.21211
EWopt =2 | EW a(0) + mycorr 0.97102 0.98245 Ea = 0.22352
EW a(0) + mycorr + FF (prop.) (0.98245 0.98344 ﬁﬁ = 0.22352
EWopt =5 | EW a(0) + mycorr + FF (loops) 0.96526 0.96645 31:4 = 0.22352
EWopt =6 | EW a(0) + mycorr + FF (loops + boxes) 0.96526 0.96648 ia = 0.22352
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From Zfitter/Dizet documentation

D. Bardin et al., Comp. Phys. Comun. 133 (2001) 229-395

Zfitter is a semi-analytical program for calculating total cross-sections and pseudo-
observables (eg. A;,, sin%0,,"), used by LEP1, and to a lesser degree by LEP2.

DIZET is a library for calculating form-factors and some other corrections. Provides complete
EW O(o) weak-loop corrections supplemented with selected higher order terms (eg. vacum

polarisation, oo, (Q?) ).

For analyses at LEP1, LEP2 used aways in parallel with MC generators (KoralZ, KoralW) eg. to
evaluate systematics of simplified cuts used in analysis integration.
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corrections
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From Zfitter/Dizet documentation

D. Bardin et al., Comp. Phys. Comun. 133 (2001) 229-395

After some trivial algebra one derives the final expressions:
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EW o(0) scheme (Dizet)

1) Start with tree parameters at Parameter Value
their best measured values : My 91.1876 GeV
ny, 125.0 GeV
G, a(0), M, m 173.0 GeV
2) Calculate m,, using iterative mp, 4.7 GeV
formula including higher-order 1/a(0) 137.0359895(61) :
corrections | Gy 1.166389(22) - 10~ GeV~~
M, J J' 4A2 _
My = —|l+ 4[]l - ——
ANV Mw 80.353 GeV
) Sty 0.22351946
T V26,

On-mass-shell relation

2 g g
Sw=1-My,/M;, €<——a ]
valid to all orders

a(0) important to consistently separate QED corrections from genuine EW ones. No need to
introduce two a scales.
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Spin amplitude: EW Improved Born (IBA)
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Vacuum polarisation corrections, used low-
energy experiment input.

Warning: problem for analytic continuatignei
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Calculated with Dizet 6.21 library
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Effective weak mixing angle

Here convoluted with line-shape and cos0* distribution of MC events.

. , 5 35 8 ~ 10
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De-mystifying EW schemes

EW a(0) scheme:
Input: a(0), M, G,

Mz =91.1876 GeV

EW Gu scheme:
Input: M, My, G,

EW o(M,) scheme:
Input: a(M,),M,, G,

a = 1/137.03599

Gp =1.1663787 - IO_SG(?V_E

Mz =91.1876 GeV
My = 80.385 GeV

G, =1.1663787 - 107> GeV~-

M7 =91.1876 GeV

a =1/128.8793

Gﬂ = 11663787 . IO—DGGV_z

My = 80.353 GeV

a=1/132.2332

My = 79.9968 GeV |

st = 0.22351946

52, = 0222897

$2,=02311538 \|

M. 4A2
My = —Z 1+ \/] ) :
V2 M(1 — Ar)

——
ma(0)

V2G,

Ap =

2 _ 2 raql

] 2, 2_ P
3 — G“' ﬁM“'{ ] - M'u rn'l MZ },-" T

2 _ 2 jaq2

E. Richter-Was, IF JU

Most commonly used scheme
in MC generators todays.

EWPrecisionWS, Paris, 24.05.2018
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Line-shape in different EW schemes

Ref.: best predictions with EW O(a.) loop+boxes corrections

1'06:""I""I"" L L
qs-’ ‘1.053— EW LO «(0) scheme (o = 1/137) —E ”LEP Wlth Improved norm'"
2 LE e EnoGuene i : ;
G 1 Ty Elodeieme o-inm 7 (red) predicts very well
103 ) | - - shape and normalisation
1_{}2;— /"_——-_-
'I_G1:— ] °
3 A BV O G, (green) requires

0.6% corrections at Z-pole
and below, 1.7% above

0.99

§_|||'|||||||||||
()

098
Ug%al 1 1 IS!DI 1 1 IQ!DI 1 1 I(](l](]l 1 1 Iq.{ol 1 1 I(]:L_UI 11 I1E|"UI 1 1 I14|UI 1 1
m.(GeV)

T[T ref Mg, = 70-80 GeV | m,, = 80-100 GeV | my,, = 100-125 GeV
EW LO a(0) scheme 0.9641 1.0052 1.0019
EW LO G, scheme 0.9942 1.0061 1.0173
EW LO a(Mz) scheme 0.9934 0.9891 0.9930
LEP with improv. norm. 1.0007 0.9990 .0017
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Ag In

different EW schemes

Reference: best predictions with EW O(a) loop+boxes corrections.

L 0B | . .
< wioanseme =131 1, LEP With improved norm.”
< 0.025— ——@® —— EWLOG, scheme (ax=1/132) — .
F 1 siodweees wim S (red) predicts remarkably well
- 1 shape and normalisation
0.015— (P, -]
C ...' "c.'.'.. .
001 o "ens -
ooosE T —a EWLOG, (green) requires
C Yy TR T I AT °
I - - large corrections, above 50%
_D'GUEF'BI - I8|{]I = I‘Ell{]I - I1lC|](]I - I'I'IIDI - I'lé(ll - I']lltﬂl - I'léll(]I - I'l_':n(] around z- pOIE!
m_.(GeV)
Afp— Afbref Mee = 10-80 GeV || mge = 80-100 GeV | mge. = 100-125 GeV
A =-0.1990 Ay =0.0262 Agp=0.1928
EW LO a(0) scheme 0.0175 0.0146 0.0033
EW LO Gy scheme 0.0096 0.0143 0.0102
EW LO a(Mz) scheme 0.0015 0.0002 0.0016
LEP with improv. norm. -0.0009 0.0001 0.0010
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EW o(0) scheme

| EW scheme input | EW LO predictions |
Mz =01.1876 GeV My = 80.93875 GeV
Tree level inputs Gum 166389 105 Gev2 |
- .. Mz =91.1876 GeV My = 79.93777 GeV
and predictions o = 1/128.8667 G, = 1.165224 - 1075 GeV 2
2, =0.23152
L Mz =91.1876 GeV My = 79.958 GeV
Often used for configuring o= 1/127.934 Gj: 1.175057 - 10~ GeV—2
MC generators at LHC sty =0.23113
Input for DIZET (beyond tree level
1 pS ith ( y ) Parameter Value
) Starts with tree parameters o SLIE € Gov
at best measured value : " 1250 GeV
GIJ’ a(O)’ M, m; 173.0 GeV
2) Calculate m,, using iterative b 37 ey
. . [/a(0) 137.0359895(61)
formUIa |nCIUd|ng G,U [.166389(22) - 10—5 GEV_E
higher-order corrections My 80.353 GeV
52, 0.22351946
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