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. . D. Bardin et al.
LEP legacy: ( a(0), Gw M, ) arXiv:9908433
— Inputs are very precisely measured physics quantities
— M,, M,, are on-shell masses

— Genuine EW and lineshape corrections in form of
(multiplicative) form-factors to LO couplings

S. Dittmaier, M. Huber

 LHC paradigm: (Gu’ M,, M,,). arXiv:0911.2329
— M,, M,, are pole-masses or complex masses.

— Absorbs most of universal corrections into lowest-order
couplings

— Higher-order corrections redefine couplings in non-
multiplicative manner
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LEP legacy: QED (radiative) corrections

NOT discussed here.

QED FSR can be simulated by PHOTOS (exponentiated multi-photon
emission) implemented as after-burner step on already generated event.
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It is QED gauge-invariant set of diagrams
(D. Bardin, hep-ph/9908433)

which can be factorised out and/or
convoluted with QCD corrections.

Calculated with fixed value of o,
Ogep = 1./137.0359895
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LEP legacy: Genuine EW and lineshape corrections

Also gauge-invariant set of diagrams. Calculated as form-
factor corrections to couplings, propagators and masses.
Eg. running ouqp(s), 0qep(M,) =1./128.86674175
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From Zfitter/Dizet documentation

D. Bardin et al.

Zfitter is a semi-analytical program for calculating total cross-sections and
arXiv:9908433

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(a) weak-loop corrections supplemented with selected higher order terms (eg. vacum

polarisation, o, (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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LEP legacy: from Zfitter/Dizet documentation

After some trivial algebra one derives the final expressions:
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LEP legacy: effective weak mixing angle

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

New schemes for input parameters:

(o(0), M,, Mw); (a(Mz)r M,, Mw);
(G,, My, My,

New treatment of Z-boson prop.
ycomplex mass scheme (CMS)”,
»,pole mass scheme (PS)”,
yfactorisation scheme (FS)”

Two scales for aqgp: 0, a(0)

More emphasis on split into:

— NLO corrections
— Universal two-loop contributions

EW correction terms organised
differently, eg. sin%0_ not anymore
transparent in the calculations

W

E. Richter-Was, IF JU
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New paradigm for EW corrections, cont.

— a(0) S. Dittmaier, M. Huber
— a(M2) arXiv:0911.2329
_— Gu
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Figure 7: Weak corrections 6. and 633" . to the partonic cross sections for the different

input-parameter schemes, with (dashed lines) and without leading higher-order corrections due

to Aa and Ap.

* @G, scheme the most stable w.r.t. higher-order electroweak effects among discussed
input-parameter schemes.

* Desire to absorb the effects of HO corrections into the LO predictions.
* Two scales for oy,

E. Richter-Was, IF JU LHC EWprecision WG meeting, 12.12.2018 9



EW schemes: pros and cons

* EW scheme a(0) vO: input o(0), M,, G
— Pros:
* Precisely measured physics input, LEP legacy EW scheme

— Cons:

* Moderate NLO and HO corrections (few %) calculated theoretically or taken from low-energy
measurements (a .4 )

* EW scheme o(0) v1: input o(0), M,, M,,
— Pros:
* Moderate NLO corrections ( few %), small HO corrections (<1%)

— Cons:
* Input M,, with +15 MeV uncertainties ( => 20-30 10-5 on s2w)
* requires shifting G, far from its measured value.

* EWscheme G: input G, M,, M,
— Pros:
* Small NLO (1%) and very small HO (0.2%) corrections

— Cons:
* Input M,, with +15 MeV uncertainties ( => 20- 30 10-5 on s2w)
* Requires two definitions for em coupling: o(0) for ISR/FSR/IFI and 0, for matrix elements.

We are now establishing level of agreement between predictions calculated in three EW
schemes, after including EW NLO+HO corrections.



EW schemes: input parameters

SM fundamental relation used to calculate EW parameters at
LO in different EW schemes, on-mass-shell definition.

V LEP legacy | LHC standard Gy=—
V2MZ 52,
EW scheme] G, a, Mz a, My, Mz Gy My, Mz
ao(0) vO ao(0) vl Gu 2 = 12 /mg |
My 91.1876 GeV 91.1876 GeV 91.1876 GeV W Wiz
Iz 2.4952 GeV 2.4952 GeV 2.4952 GeV
Ty 2.085 GeV 2.085 GeV 2.085 GeV
(}* | 1/137.03399 1/137.03599 1/132.23323
G, 1.1663787 - 107 GeV~2 | 1.1254734- 107 GeV~2 | 1.1663787 - 10~ GeV > Be aware: o(0) v1
My 80.93886 GeV 80.385 GeV 80.385 GeV comes with
53, 0.2121517 .2228972 0.2228972 unphysical value
G, MEN’
o 1.0 1.0 1.0 of Gp
DIZET library Powheg _ew, MCSANC

exact O(a)+ higher order terms EW NLO, NLO+HO 11



EW schemes: details

EW schemes: come with ,,on-shell” or ,,pole” definitions!

Table 44: The EW parameters used at tree-level EW, with on-mass-shell definition (LEP convention).

Parameter || a(0) v0 a(0) vl Gy |

My 91.1876 GeV 91.1876 GeV 01.1876 GeV Runing I'; in

[z 2.4952 GeV 2.4952 GeV 2.4952 GeV )

[w 2.085 GeV 2.085 GeV 2.085 GeV Z-propagator

a 1/137.03599 1/137.03599 1/132.23323

G, 1.1663787 - 107> GeV~2 | 1.1254734 107> GeV~2 | 1.1663787 - 107> GeV~?

My 80.93886 GeV 80.385 GeV 80.385 GeV Shift:

2 ERE = - :
53, 0.2121517 0.2228972 0.2228972 . .
e 30 MeV for M,
—— 1.0 1.0 1.0
V2re = changeonlI,
= -0.00006 for s>w
Table 45: The EW parameters used at tree-level EW, with pole definition of the Z, W masses. Scaling
Parameter || a(0) vO a(0) V1 G, | " 0.99906 for o
M; 91.15348 GeV 91.15348 GeV 91.15348 GeV
Iz 2.494266 GeV 2.494266 2.494266 GeV
[y 2.085 GeV 2.085 GeV 2.085 GeV _ _
@ 1/137.03599 1/137.03599 1/132.3572336357709 Fixed I'; in
G, 1.1663787 - 10 GeV~2 | 1.126555497 - 107 GeV~2 | 1.1663787 - 107 Ge V2 7
-propagator

My 80.91191 GeV 80.35797 GeV 80.35797 GeV Propag
52, 0.21208680 0.22283820939 0.22283820939
Gu-M;-A7

N 1.0 1.0 1.0

E. Richter-Was, IF JU LHC EWprecision WG meeting, 13.12.2018 12



Strategy for comparison

Scope:
— Genuine EW and lineshape corrections to Drell-Yan production at NLO QCD.

— Three EW LO schemes chosen to allow for straightforward interpretation of
results. We tuned EW LO parameters, otherwise out-of-the-box.

— The highest available corrections in a given approach used.
— QED FRS/ISR not included here.

Observables:

— Lineshape (cross-section) and forward-backward asymmetry A.; in the full
phase-space.

— Compared ratios or absolute differences between different EW LO schemes
and/or between NLO, NLO+HO predictions within each EW scheme and
same MC generator. Allows to minimize sensitivity to QCD details.

Goals:

— Check if reweighting with wttW (TauSpinner) works for NLO QCD MC's.
Compared distributions at EW LO (DYTURBO, Powheg_ew).

— Establish how consistent are predictions between different EW schemes
with EW NLO corrections (Powheg_ew, MCSANC).

— Establish how consistent are EW NLO+HO corrections of Dizet 6.21 form-
factors implemented in wtfW and those of Powheg_ew.

E. Richter-Was, IF JU LHCC Precision WG meeting, 15.11.2018 13



What we have so far .....

PowhegZj: QCD NLO, Z+j

wtEW : TauSpinner + Dizet 6.21

Arbitrary
EW setup

/LN

a(0) vO: LO, NLO+HO

a(0) vi: LO

DYTURBO: QCD LO, NLO, Z

a(0) 0: LO

o(0) v1: LO

G

7

: LO

E. Richter-Was, IF JU

Powheg ew: QCD LO, Z

a(0) vO: LO

a(0) v1: LO, NLO, NLO+HO

LO, NLO, NLO+HO

MCSANC: QCD LO, Z

a(0) v1: LO, NLO, HO

LO, NLO, HO

LHCC Precision WG meeting, 15.11.2018 14



Constructing wttW: EW Improved Born (IBA)

ERW and Z.Was,

- Y _ _ arXiv: 1808.08616
/B = = [y vg®y Ul - (qe - g7) | Tv ey (5)

+ay  vgn vy u - (ve - vy - vver) + ﬁ)ﬂ“t-‘gm?}f"’}*ju (e - ay)

+Ejv”}f5vgm?}fvu (ag-vp) + Hy#.']ﬁl,gij,"yﬂu (ag-ap)l{Zvy \xz(s) }

(s) =1
Xy Uy =(2- Tf 4-qe- sy {Ke(s. 1))/ A
" Gy - M2 - A? 5 vp = Q2-T] —4-qp- 55, [Kp(s.t]/A
Xz(s) = : :
V2 -87-a »‘i'—M%H'rz'Mz ag :{E-Tg)ﬂ,ﬂ
ap  =Q2-TH/A
Zvel= P (5.1)
IT p(f\ A= \/16 SW SW
EW form-factors , functions of (s,t)=(m,, cos0)
Ty, |= 1 Calculated with Dizet 6.21 library.
2= (14, (s))
— wwyf = —[ 0T =4 sh Kot 0f2- T - 4- g s Kt - 1)
g+ Uf i

Vacuum polarisation corrections, used low- 1

. 200 2 .
energy experiment input. HAdgee syl gp sy fKep(s 1 AL
Warning: problem for analytic continuation.isjon wG meeting, 15.11.2018 15




Constructing wttW: per-event weight

. . ERW and Z.Was,
Define per event electroweak weight | arxiv: 1808.08616

Approach developed
in TauSpinner,

i dSgorm+Ew (X1,X2,5,cos0 .S‘zlv- ) arXiv:1802.05459
dGSgorn(X1,X2,5,c080 | Siv ) X1, Xy, cosO (symmetrised)
\l calculated using 4-momenta
- aris ; of outgoing leptons;
do;;(,,,,(.\']..\'3.5‘.0059‘.5;}) = Z [f"»"(.\',....)_f*""(.\'g....,)dG,Q;,,[,',(s‘.cosb 5w ) .. ’
Lot asymmetry in sign of cosO
+ £9 (x3,...)fU (x1,...)dO LY (8, — cosb ,s2] from weighted average
LN over PDFs

N\

Allows to reweight MC event generated between different EW
LO scheme and to Improved Born Approximation in EW
scheme used for form-factors calculation.

E. Richter-Was, IF JU LHCC Precision WG meeting, 15.11.2018 16



Theory predictions: EW LO, NLO,

—e— PowhegEW: NLO-LO

2004 — 2 004 | , , , , .

I F 3 Ik EW scheme: G

1 G.CS:— AA EW scheme: «(0) v1 _: 1 o.cz:— AA scheme: "
ogzf- FB —©— MCSANC: NLO-LO ] oozf- FB —o— MCSANC: NLO-LO
amiE —e— PowhegEW: NLO-LO ] oof
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< r ] f_ EW scheme: G, ]
“p.008 EW scheme: a(0) v1 3 “0.008 3
0.006 — —&— MCSANC: NLO+HO-NLO -~ 0.008 O MCSANC: NLO+HO-NLO -
0.004 e o PowhegEW: NLOsHONLO 0.004 —e— PowhegEW: NLOSHO-NLO ]
0.002F = 0.002 o Ty ° -

Lipl

ST T T T[T T T T T[T T T[T TTIT1TT

- L
- - - »
o Lo ez 5 o]
; .e .® we e, . ue L S . o
—0.002F —0.002 . -
- - -
~0.004 - ~0.004 3
C 0 1y | [ | | . sy oy oy by Ly Ly T
& B0 100 120 140 160 T80 200 [ 20 100 120 140 160 180 200
m, (GeV) m,, (GeV)
< po0e - <1 p.004 i ' ' ' ' j
ooz E- 0.002
o i
oz E- ~0.002
0,008 F—

—0.004

;“n (G;V) ‘
Investigating now this discrepancy:

0.001 shift on AA ; at Z-pole corresponds to shift ~ 30 10-5 on sin20

F. Piccinini et al.
—— Powheg_ew

S. Bondarenko,
L. Kalinovskaya
—— MCSANC
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Theory predictions: EW LO, NLO+HO

NEW!!

2003_ T T T I T T T I T T T I T T T I T T T I T T T I T T T j EGGS T T T I T T T I T T T | T T T T T T T T T T T T T |
W seneme: G, Powheg_ew

——&——  PowhegZ|swt™: QCD NLO, EW NLD:HO - LO J

AA

r EW scheme: ofjvi
0.02 — 0.02

—&—— PowhegZ].wt™: OCD NLO, BW NLOLHOD - LO POWh eg _ew

—&—— Powheg_sw: QCD LO, EW HLO+HD -LD 0.0

—a&—— Powheg_sw: OCD LO, EW NLOWHO-LO

" EERE RN

-0.01

0.2
0

5]

<1 p.004
0.002

~0.002
~0.004

Good agreement between Powheg_ew and DIZET around Z-pole

At higher masses, DIZET predicts stable shift of 0.005 while both PowhegEW
and MCSANC predicts ( NLO+HO - LO ) being close to zero.

E. Richter-Was, IF JU LHC EWprecision WG meeting, 13.12.2018 18



Powheg ew: EW LO, NLO, NLO+HO

EW order || mg, =89-93GeV | m,, =80-100GeV | mg, =70- 120 GeV

Arp a(0)v0 LO 0.06691361 0.06392369 0.06253754

App a(0) vl LO 0.04653886 0.04343789 0.04212883

App G, LO 0.04653886 0.04343789 0.04212883

Arg a(0) VI NLO 0.03004289 0.02690785 0.02569858

Arg Gy NLO 0.02905841 0.02592168 0.02471918

Arg a(0) V] NLO+HO 0.03083234 0.02770333 0.02649700

Arp G, NLO+HO 0.03090286 0.02777783 0.02656851

Mpga(0)vl | NLO-LO -0.0164959 -0.0165300 -0.0164302

Mrg G, NLO-LO -0.0174803 0.0175162 -0.0174096

AApg a(0) vl | NLO+HO-LO -0.0157065 -0.0157326 0.0156318

AMpp G, NLO+HO-LO -0.0156360 -0.0156596 -0.0155603
| AMdpp | EW order | m.. =89-93GeV | mg. =80-100GeV | my =70 -120 GeV |
la(O)vl-a)v0 | LO || -0020375 |  -0.020486 | = -0.020487 |
|G,-av0 | LO || -0020375 |  -0.020486 |  -0.0204871 |

Gy - a(0) vl LO 0.0 0.0 0.0

Gy -a(0) vl NLO -0.00098 -0.00098 -0.00098

Gy - (0) vl NLO + HO -0.00007 -0.00007 -0.00007

Better than 0.0001 agreement on A;; at NLO+HO between two EW schemes !

L AA.; (NLO - LO)

| AA.; (NLO+HO - LO)

AA;; between
EW schemes at
LO, NLO, NLO+HO
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Multi-boson precision physics at LHC

The theoretical calculations for multi-boson processes at LHC use as
default the G, scheme.

— My, M, at the on-shell value
— Z-couplings to fermions not at value measured at LEP, s2w = 0.22289
should be s2w=0.23152

— Two scales of oy :
* a(0) =1/137 , used for radiative corrections, Zy hard processes
* ag, =1/132 , used fory couplings in matrix elements

Requires attention to avoid breaking gauge-cancellations

EW genuine and lineshape corrections often not available in MC’s tools:
eg. MATRIX. Requires using correcting scalings calculated with
,effective” couplings instead eg. for predicting Z-polarisation in WZ
events.

More advanced technique, i.e. reweighting with wt®W could provide
pragmatic/operational solution.

E. Richter-Was, IF JU LHC EWprecision WG meeting, 13.12.2018 20



Gauge boson polarisation in WZ events

ATLAS-CONF-2018-034
| dow:z

3 3
:—fL(lMosH(W + - fR liLOHHfW +— fg\ll’l Oew
Tw=7 d cos Hf,W 8

| d(TWiZ 3 3
= —fL(1+2acosbz + oS’ Oez)+= fR 1+LOS Be.7—2acosbyy) +— foSln B¢z
ow=z dcosteyz 8

20,04 1 | 7 ain2 geff 1
r = Cy = —5 + 2sin” 65 Cqg = —5
L‘% +{'5 ' 2 w a 2
I.'_O 0.6 [ T LI LI T | T L | LI T I T LI I T |_ l.'_D 0.6 [ LI I T | L I LI | T T | LI I T I T ]
- ATLAS Preliminary . - ATLAS Preliminary .
- {5=13TeV, 361 ® Data . - {(5=13TeV, 361 ® Data - HP
0.5 o 4 Powheg+Pythia 0.5 - 4 Powheg+Pythia Predictions
- B MATRIX ] B B MATRIX e— corrected to
041 — Touncertainty  — 0.4 — 1o uncertainty
C -- 2 o uncertainty - - - 2 o uncertainty effective coupling
C ble | m ] C @ ]
N AN O N - ®) 1 s2w=0.22289
0.1 - 0.1 - l
- W* polarisation in W“Z A - Z polarisation in WZ .
O_I 11 | | 11 1 1 | 1 11 1 | 11 | 1 I 1 11 | I 1 I_ O_I 11 I 11 1 | 111 I 11 1 | 11 1 | 11 1 I 111 I I_ SZW = 0.23153
-0.2 0.1 0 0.1 0.2 0.3 -1 08 06 04 D2 0 0.2 04
fL_ fR fL_ fR

Predictions at EW LO, using effective sin He‘cf 0. 2%1‘5’?
E. Richter-Was, IF JU LHC EWprecision WG meetlng 13.12.2018 21



— The LEP legacy EW scheme should be kept as a reference to
allow for continuity with so far best measured SM parameters
definitions.

— Keeping the standard of splitting genuine EW+lineshape corr.
and FSR/ISR/IFI corrections is mandatory, because of
experimental analyses complexity and required precision of
theoretical predictions.

— Choice of the EW scheme: a trade-off between parametric
uncertainty and correction size. Optimal choice depends on
measurement and its accuracy.

* Be aware that ,,G, scheme” for input parameters comes with large
parametric uncertainty on M,, input parameter known to * 15 MeV
only (=> 20-3010-5 on sinZ0 )

— For multi-bosons: to get correct Z-polarisation mandatory to
obtain sin%0_,=0.23153 whichever input parameters one starts
from.



SPARES slides
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Powheg ew: EW LO, NLO, NLO+HO

Cross-section

| | EWorder || mee=89-93GeV | mee =80-100GeV | me, =70 - 120 GeV
(0) VO LO 630.848722 906.156051 959.658977
(0) v1 LO 571.411296 821.363274 870.729908
G, LO 612.514433 880.446121 933.363827
(0) v1 NLO 600.185042 863.142557 915.580114
G, NLO 607.142292 873.173294 926.253246
(0) v1 NLO+HO 607.551746 873.717147 926.761229
Gy NLO+HO 607.515354 873.655348 926.681425

| |
(0) v1 NLO/LO 1.050350 1.05087 1.05151
Gy NLO/LO 0.991230 0.99174 0.99238
(0) vl NLO+HO/LO 1.063247 1.063740 1.064349
G, NLO+HO/LO 0.991038 0.992287 0.992840

| |
@(0) v1/ a(0) VO LO 0.90578 0.906426 0.90733
G/ a(0) V1 LO 1.07193 1.07193 1.07193
G lo() y] NLO 101159 101162 LO1166
Gy la() vl NLO-+HO 0.99994 0.99993 0.99991
Gy / (0)v0 LO 0.97094 0.97163 0.97260

- o (pb)

:l' S no/O 1o

:l' c NLO+HO/G LO

Better than 0.01% agreement on ¢ between EW schemes at NLO+HO !

E. Richter-Was, IF JU

LHC EWprecision WG meeting, 13.12.2018

Ratios between

— EW schemes

LO, NLO, NLO+HO
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EW schemes: input parameters

SM fundamental relation used to calculate EW parameters at
LO in different EW schemes, on-mass-shell definition.

PowhegZj

91.1876 GeV
2.4952 GeV
2.085 GeV
1/128.88859

1.16638 - 107> GeV~2

79.958 GeV
0.2311300

EW scheme] G, a, Mz a, My, Mz Gu. My, Mz
| Parameter a(0) vO o(0) vi Gu
M; 91.1876 GeV 91.1876 GeV 91.1876 GeV
Iz 2.4952 GeV 2.4952 GeV 2.4952 GeV
T 2.085 GeV 2.085 GeV 2.085 GeV
a 1/137.03599 1/137.03599 1/132.23323
G, 11663787 - 107 GeV=2 | 1.1254734- 107 GeV=2 | 1.1663787 - 10™ GeV~2
My 80.93886 GeV 80.385 GeV 80.385 GeV
53, 0.2121517 0.2228972 0.2228972
G, -M:-A
S 1.0 1.0 1.0
- T
2 _ 2 2 G ="
sy = 1 —my,/m u 5
W Wiz V2M VS

EW schemes: a(0) v0, o(0) vl —same value of a

G, o(0) v1

E. Richter-Was, IF JU

— same value of s?w

LHC EWprecision WG meeting, 13.12.2018

1.0

MC events used
for reweighting
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Validating reweighting with wttW: EW LO

» Ratio of differential cross-sections (lineshapes) driven by relative

balance between Z and y contributions.

* EW o(0) vl and G, schemes chosen as such that ratio of cross-
sections is equal to ratio of QED couplings squared.

Benchmark for wttW reweighting

G/ Gref

—=— PowhegZj+wt™"
—a— DYTURBO

k| 1 1 I I I I I T I T I w 1 I I T I LI I LI I LI I T T T I T 1 T T T T ]

= S1pesE 3

=] i ] = =

§ 1.05 -------- Ratio: G /t{0) w0 _ E josE - Ratio: G /(0] v1 i

— = PowhegZj+wt™ 4 E — =+ PowhegZj+wt™" 3

— s DYTURBO i . 1.085 ——— DYTURBO =

- 108 -

r 1075 —

085 — 107 -

1.085 -

D i 1 1 1 I 11 | I 11 1 I 11 1 I 11 1 I 1 11 I 11 1 | 1 1 1 I 11 1 i - :] : 11 | I 11 1 I 11 | I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 | 11 1 :
4o a0 100 120 140 160 180 200 220 240 085 80 100 120 140 160 180 200 220 240

my, (GeV)

2 1004 ' ' ' ' ' ' ' ' 2 1004
(& 1.002 & 100
3 { e i

0.9%8 | 0328
0.9% . . . . . . . . 0435

I
T mimh g

E. Richter-Was, IF JU LHCC Precision WG meeting, 15.11.2018
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Validating reweighting with wttW: EW LO

A Ag: driven by s?, value (same for o(0) vl and G, schemes)

Benchmark for wttW reweighting

"“::=U-5>;1'DT"""|""|""|""|""":
g, D.Ef— (PowhegZj+wt™) - DYTURBO NLO _f
b e EwLo @@ w0 E Double difference:
F — = EWLO: a(0)v1 ] H EW
—_—>0F R =
A : —%—  (0) v1-a(0)vO
D.1§—‘...Il P N 2 F "l.l;"'l LAt llll-l" :‘all . IIE
I — G, - a(0) vO
-u.1f— z * 3
T T T P T - Agreement on A(A A;;) within + 0.0002
'%U 70 80 90 100 110 mlz[%e\-“)
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Should redo it with much finer binning around Z-pole to better
estimate precision.

E. Richter-Was, IF JU LHCC Precision WG meeting, 15.11.2018



EW LO schemes in practice

e SM fundamental relations used to calculate EW
parameters in EW LO schemes

~ 2 A2
G - T > Gy-M:-A° | > 5 5
ﬁMﬁ*’SW V2 .87 -«
EW scheme: Gy. a. Mz EW scheme: a, Mw, Mz EW scheme: Gy, Mw, Mz
a(0) vo a(0) v1 G,
2 | _ 2 2
a2 = w S%y = 1- f!f%yf!!f% Sw |= 1 —my/m3z
T Gy M 2 _ 2 0
o _ ~ 2
,3‘12,-',, = (-1+ y1-d2/4)/2 g2 = 4-m-afsy g2 = 8-G,-mi/V2
= 0. 2 s
G, |= V2. 5:}2,38;;;3%{; a|= g2-sy/4/n
calculated

E. Richter-Was, IF JU LHC EWprecision WG meeting, 13.12.2018 28



EW LO schemes: details

Running and fixed Z-boson width in the propagator: taking into
account photonic - loop corrections to I,

1

* Fixed width (5) = .
T M i T, My

1

* Running width (LEP legacy) Yo(s) = I i
A -1z Z)— 7
’ 1 (1—=i-Tz/Mz)
Xz(8) = 7. - 2 072 2 .
s=M;+i-Tz-s/Mz s(L+T5/M3)—M5(1 —i-T'z/Mz)
 (1—i-Tz/My) 1
T (1+T2/M2) M2 .
Z/ zZns I+l';M§ T ]+l€§,h'zkf£
Both equivalent if redefined VRN
parameters m,, I';, N, (normalization). M. - Mz
. . . /A
Change in the normalisation can (?) [1+T2 /M2
be absorbed into G, redefinition. oo r,
In case of ,pole” convention (last slide) SNy Y:
it was absorbed into o. , oy
N, - (1—:-rZ/MZ)_(1—;-FZ/MZ)

(1+T7/M3)  (1+T,%/M,%)

E. Richter-Was, IF JU LHC EWprecision WG meeting, 13.12.2018 29



Impact of Aa,_,°(M,?)

Predictions from Dizet 6.21 library

Parameler Aa}(M2) = 0.0280398 | A} (M2)=0.02753 | Ratio
o(M2) 0.00775884 0.00775463

|/a(M) 128.885224 12895522 0.99932
2 022351946 0.22331458 1.00092
Sm‘HfJf [M%} (electron, muon) 0.23175990 0.23157062 1.00082
sin’6() (M2) (up-quark) 0.23164930 0.23146414 1.00080
surﬁ.:ff (M2) (down-quark) 0.23152214 023133715 | 1.00080
My 80.35281 GeV 80.36341 GeV | 1.00013
A 003694272 3631592 [OT733
Alyen 0.01169749 0.01170244 | 0.99958
Pex 1.005408 1.005426 0.99998
K, 1.036649 1.036770 0.99988
K, 1.036172 1.036293 099988
K., 1.074146 1074397 0.99977
Ped 1.005894 1.005906 0.99999
K, 1.036649 1.036699 0.99995
K, 1.035603 1.035719 099989
K. 1.073556 1.073859 0.99972

E. Richter-Was, IF JU

W/Z meeting, 25.09.2018

shift of about -0.00020
due to corrections to M,

«—

<«—— shift by +11 MeV

ATLAS measurement
M,, = 80370 + 19 MeV

| | 2
MZ I|1 4."16
V2 \' Mi1-an

Ar = i‘-.ar{Mi} + Argw

Mw

| (D)

."“.{) = \II \Il"_E—GF
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Impact of m,

Parameter m; = 171 GeV | m; = 173 GeV | m; = 175 GeV
a(M2) 0.00775882 | 0.00775884 [ 0.00775885
/a(M2) 128.888558 | 128.885224 | 128.885079
5%, 0.22375411 | 0.22351946 | 0.22328310
sin?65]7 (M2) (electron, muon) | 023181756 | 0.23175990 | 0.23169368
sin®6)! (M2) (up-quark) 0.23171096 | 0.23164930 | 0.23169368
sinty)’ (M2) (down-quark) 0.23158377 | 023152214 | 0.23145996

Ar

0.03766186

0.03694272

0.03621664

Arem 0.01165959 | 0.01169749 | 0.01173500
Oen 1.005229 1.005408 1.005589
K, 1.035837 1.036649 1.037467
K, 1.035361 1.036172 1.036990
K,, 1.072465 1.074146 1.075843
Do 1.005714 1.005894 1.006075
K. 1.035837 1.036649 1.037467
K, 1.034792 1.035603 1.036420
K., 1.071876 1.073556 1.075252

E. Richter-Was, IF JU

W/Z meeting, 25.09.2018

+2 GeV shift in m,
corresponds to
+0.00005 shift

in sin? e
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Dizet 6.21 -> 6.42-> 6.44

AMT4 = 4 — available in Dizet 6.21
Pragmatic question: is it indeed more precise estimate to use AMT4=5 or AMT4=6?
Or better stay with well tested AMT4=4 ? What uncertaintity attribute to this correction?

W

arXiv:1302.1395v3

Table 1: ZFITTER v.6.44beta, with the input values o, = 0.1184, Mz = 91.1876 GeV, My = 125 GeV,
m; = 173 GeV. The dependence on electroweak NNLO corrections is studied for IMOMS=1 (input
values are Oy, Mz, Gy ). AMT4=4: with two-loop sub-leading corrections and re-summation recipe
of [23-28] of [13]; AMT4=5: with fermionic two-loop corrections to My according to [29,30,32] of
[13];: AMT4=6: with complete two-loop corrections to My [37] and fermionic two-loop corrections
to sin? @lePtett [52] of [13]. IBAIKOV=0 (no 0.'_:_1 QCD corrections) or IBAIKOV=2012 [190].

[AMT4 [ 4 5 6 | Diff. | Exp Er |
IBAIKOV=0
Tz(u i ). MeV | 83.9782 | 83.9748 | 83.9807 | 0.0059 0.086
Tz, MeV 2494.7863 | 2494.6019 | 2494.8688 | 0.2669 23
Tw (Iv). MeV 226.3185 | 226.2877 | 226.2922 | 0.0308 1.9
Ty. MeV 2000.3308 | 2090.0465 | 2090.0882 | 0.2843 42
Mw. GeV 80.3578 | 80.3541 | 80.3546 || 0.0037 0.015
sin? Q1" 0.231722 | 0.231791 | 0.231670 [[0.000121 || 0.00012
[BATKOV=2012
TZ(u i ),MeV | 83.9782 | 83.9748 | 83.9807 | 0.0059 0.086
T MeV 2494.5501 | 2494.3747 | 2494.6416 | 0.2669 23
Ty (Iv). MeV 226.3185 | 226.2877 | 226.2922 | 0.030 1.9
Tw. MeV 2090.1117 | 2089.8274 | 2089.8691 | 0.2843 42
My . GeV 80.3578 | 80.3541 | 80.3546 | 0.0037 0.015
sin® QP 0.231722 | 0.231791 | 0.231670 | 0.000121 || 0.00012

E. Richter-Was, IF JU

W/Z meeting, 25.09.2018

D

+ 0.00005
around nominal

value of sin20
with AMT4=4
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