The EW (weak) corrections for DY Z->lI
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Strategy for comparison: be pragmatic

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.
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Genuine EW and lineshape corrections

Gauge-invariant set of diagrams.

For Improved Born Approximation (IBA) approach calculated as
form-factor corrections to couplings, propagators and masses.
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What we have so far .....

PowhegZj: QCD NLO for Z+j

wtEW : TauSpinner + Dizet 6.21

/LN

DYTURBO: QCD LO, NLO for Z

a(0) 0: LO

o(0) v1: LO

GH:LO

E. Richter-Was, IF JU

a(0) vO: LO, NLO+HO

a(0) vi: LO

LHCC Precision WG meeting, 15.11.2018

Powheg ew: QCD LO for Z

a(0) vO: LO

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

LO, NLO, NLO+HO

MCSANC: QCD LO for Z

o(0) v1: LO, NLO

G: LO,NLO




EW corrections with event weight wttW

Reweighting possible because of Drell-Yan factorisation properties,
Mirkes et al. arXiv:9406381.

Method follows technique developed for TauSpinner program (for LHC!),
arXiv:1201.0117; arXiv1802.05459

Define per event electroweak weight wttW = g%/ ¢
ew  dSBorn+EW (X1,X2,5,c0s6 .S‘zlv- ) X1, X,, €00 (symmetrised)
= dSgorn(X1,%2,5,c080 53, calculated using 4-momenta
of outgoing leptons;
_ \l asymmetry in sign of cos0
do;;(,,-,,(.\']..\'3.5‘.0059‘.5{}] — Z [fq»"(.\']....]fq"'(.\'j....‘)dGZ;,‘r[,g(f.COSb .sﬂ-) from weighted average
il _ over PDFs
+ Y (x9,..)f¥ (xy,... ldG‘}){;g’;’(f. —'2056 3‘3\

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. See more in arXiv:1808.08616
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Spin amplitude: EW Improved Born (IBA)
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EW LO schemes

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

EW scheme] G, o, Mz a, Mw, Mz Gy My, Mz
| Parameter a(0) vO ao(0) v1 Gu PowhegZj
Mz 91.1876 GeV 91.1876 GeV 91.1876 GeV 01.1876 GeV
Iz 24952 GeV 24952 GeV 24952 GeV 24952 GeV
[ 2.085 GeV 2.085 GeV 2.085 GeV 2.085 GeV
a 1/137.03599 1/137.03599 1/132.23323 1/128.88839
Gy 1.1663787 - 107 GeV~* | 1.1254734 - 107 GeV~* | 11663787 - 10~ GeV~? 1.16638 - 1075 GeV~>
My 80.93886 GeV 30.385 GeV 80.385 GeV 79.958 GeV
S 02121517 0.2228972 0.2228972 0.2311300
G M=-A°
m 1.0 1.0 1.0 1.0
- T
2 _ 2 2 G,= ———
se, = 1 —m3,/m 7 5 5
w Witz \V2M WS

MC events used

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

G, 0(0) vl  -same value of s’w
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EW LO schemes: pros and cons

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

— Cons:

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

* EW scheme a(0) v1: input a(0), M,, M,,

— Pros:
* Moderate NLO corrections ( few %), small HO corrections (<1%)
— Cons:
. :’r;ﬁ):; M,, with 15 MeV uncertainties, requires shifting G, far from its measuremed
* EWscheme G: input G,,, M,, M,,
— Pros:
* Small NLO (1%) and very small HO (0.2%) corrections
— Cons:

* Input M, with £15 MeV uncertainties, requires two definitions for em coupling:
a(0) for ISR/FSR/IFI and a,, for matrix elements.

Goal is to see level of agreement between predictions calculated in three EW schemes,

after including EW NLO+HO corrections?
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EW LO 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
Mz 91.1876 GeV 91.1876 GeV 91.1876 GeV
Iz 2.4952 GeV 2.4952 GeV 2.4952 GeV
['w 2.085 GeV 2.085 GeV 2.085 GeV
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:
5%, 0.2121517 0.2228972 0.2228972 —
Cucl & 10 1.0 10 30 MeV for M,
V28ra = -0.00005 for s’w
Scaling
Table 45: The EW parameters used at tree-level EW, with pole definition of the Z, W masses. - 0.99906 for o
Parameter || a(0) vO a(0) v1 G, |
M; 91.15348 GeV 91.15348 GeV 91.15348 GeV
Iz 2.494266 GeV 2.494266 2.494266 GeV
I'w 2.085 GeV 2.085 GeV 2.085 GeV
@ 1/137.03599 1/137.03599 1/132.3572336357709
G, 1.1663787 - 10 GeV~2 | 1.126555497 - 107 GeV~2 | 1.1663787 - 107 Ge V2
My 80.91191 GeV 80.35797 GeV 80.35797 GeV
53, 0.21208680 0.22283820939 0.22283820939
Gy M -A”
:’E-s}u 1.0 1.0 1.0
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EW LO schemes: details

Running and fixed Z-boson width in the propagator:
taking into account photon-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
r("‘)_ 1 _ (1—=i-Tz/Mz)
2= MZ+i-Tz-s/Mg s(1+TZ/M2) — M2(1 —i-Tz/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) g [+ 1202
it was absorbed into o. , oy
N, - (1—:-rZ/MZ)_(1—;-FZ/MZ)

(1+T2/M7) (1 +T,% /M7
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EW LO schemes: details

Nowdays MC’s are using fixed-width propagators with on-shell M,=91.1876.
How does it affect predictions, if running-> fixed without reparametrizing?
AA g (m,=80-100 GeV) = 0.0005 (thanks to D. Walker for pointing it out)
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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
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DYTURBO: QCD LO, NLO; EW LO
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DYTURBO: QCD LO, NLO
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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\-“)

15

Should redo it with much finer binning around Z-pole to better
estimate precision.
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MCSANC: QCD LO; EW LO, NLO
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MCSANC: QCD LO, EW LO, NLO
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MCSANC and Powheg ew: EW LO, NLO

 Comparing ratio of cross-sections
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In progress In progress

Very good agreement for EW NLO/LO corrections, shown for two EW schemes.
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MCSANC and Powheg ew: EW LO, NLO

* Comparing AA;,
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In progress In progress

Very good agreement for EW NLO/LO corrections, shown.

E. Richter-Was, IF JU LHCC Precision WG meeting, 15.11.2018 19



Beyond EW LO: xsection NLO+HO

Slide from 25.09.2018

=] IIIIIIIIIIII|IIII|IIII|IIII|IIIIIII

1.04IIIIIIIIIIIII|IIII|IIII|IIIIIIIIIIII

% 3 2114 -
E§1_03 ----- Gu EWLO = EE . o(0) vi EWLO E
F b —®— Powheg_ew EW NLO E EF —o— i"w:eg—e‘” Ex Etg o -

T —W¥— Powheg_ew EWNLO+HO 7 11 —v— P°Wh992‘?‘" A =
101 —h— POWheQZj+WtEW E 1.08— owhegjrwt E
1? ”””””””””””””””””””””””””””””””””””””””””””””” E 1.063— —:
oeE = 1 oal B
0.98 i_ _i 1.02 :— —:
oarf- E | E
:I 111 | | T - I L1 1 1 | | T - | | N T I | T - | | T - | 111 |: : :
0 9%0 100 110 120 130 0 (Ge\}?{] 0_98{0 L1 I8|O L1 |9|0 L1 |1 [|)0| L |1 1|0| L |12|0| 11 |1 3|’0| L1 I1g:|‘n2| |(G|\e|\:]{)50
Powheg_ew
‘ | EW order || Mee = 89 - 93 GeV | | [ EWorder | me=289-93GeV |
Powheg eu NLO+HOT.0
a(0) vl NLO/LO 1.050350 a(0) vl 1.06325
Gy NLO/LO 0.991230 G, 0.99104
a(0) v1 NLO+HO/LO 1.063247 PowhegZj+ur™" || NLO+HO/LO )
G, NLO+HO/LO 0.991038 . :g; i wle
G 0.99167

In Gu scheme, NLO corrections < 1%

HO corrections < 0.02%
E. Richter-Was, IF JU LHCC Precision WG meeting, 15.11.2018 20



Beyond EW LO: A, NLO+HO

* Comparing Powheg_ew and PowhegZj+wttW  slide from 25.09.2018

AFB NLO+HO™ AFB LO AFB NLO+HO"™ AFB Lo
§ _I T | TrrT | T | TrrT | -’_'t 6 0.03_| L | L | L L | L ‘ L LI LI L I_
2°“[| PowhegZj + wttW B = | Powhes ew ]
£+ - m 0021~ 8_ B
< [ — @ o(0)v0 ] — T —w— a0)vl |
C:E) o0z —¥— a(0)vl - < 0 01i —hk— Gp_ E
S —&— G, . ~ T ]
= | | @) L _
| . 2 o :
P - (@) L ﬂ" ]
c o 1 z E rad % .
-0.02— — 3—0-0141 -
" - w -y ]
) _ — C 1" 2
-, ] 2oo2f -
—004— % — C N
IS AT I ATATIN AR ATATI RN ATA AT RTINS AVAT AN A A AT A A 00 :||||I||||I||||I\|||\||||\|||\I|||\I||\|:
7080 s0 00 10 20 130 @0 g0 03680 90 100 110 120 130 140 150
- Mo (GeV)
0.0 T T T T .
0.008— wiE with '™, = 0.02809 .
E ————% 4 A (NLO+HO - LO) [PowhegZj+wt™ - Powheg_) a(0) v1 E AA (NLO+H0 LO) (Powhe P h Zi EW
0.006— 4 B S FB - g,, - PowhegZj+wt ) «(0) v1
E ——&——— A Agg (NLOHHO - LO) [PowhegZj+wt™ - Powheg_) G, E
0.004 — —
E 1 . EW
F . + = =
ool E A Agg (NLO+HO - LO) (Powheg_, - PowhegZj+wt™") G,
[ &k 4 A ]
AR T PN PSR Y S d
b " Y 9 =
L i 1 Excelent agreement on AA.;!
-0.002- * 2 — FB
_o00aE- 3 Isitaccidental?
Lo P [N T T T T N T T N T T T Y R O OO | 1
70

] 0 00 110 120 130 '14n[3|;'[(;e&§0 More discussion (25.09.2018) and in SPARES

E. Richter-Was, IF JU LHCC Precisior Slides.



Powheg ew: EW LO, NLO, NLO+HO

Cross-section

From slides 25.09.2018

- o (pb)

:l' S no/O 1o

:l' c NLO+HO/G LO

| | 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

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

E. Richter-Was, IF JU

LHCC Precision WG meeting, 15.11.2018

Ratios between

— EW schemes

LO, NLO, NLO+HO
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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;; between EW schemes at NLO+HO !

From slides 25.09.2018

L AA.; (NLO - LO)

| AA.; (NLO+HO - LO)

AA;; between
EW schemes at
LO, NLO, NLO+HO
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Summary

Comparing ratios, double ratios or double-differences turned out to be a very effective
strategy. No need (so far) to fine-tune the QCD part of the calculations.

Tests done so far support applicability of IBA approach for Drell-Yan productions around
Z-pole at LHC. Implemented in TauSpinner framework using form-factors from Dizet 6.21
library. Documentation: arXiv:1808.08616.

Flexibility to compare different EW schemes in a systematic manner.

Very promising consistency achieved between predictions from:
* Powheg _ew (EW LO, NLO, NLO+HO)

* MCSANC (EW LO, NLO)

« DYTURBO (EW LO)

* PowhegZj + wttW from TauSpinner+Dizet (EW LO, NLO+HO)

Ironing details .....

Adding predictions of NLO+HO type (MCSANC)
Extending m, range (Powheg_ew)

Fine-tunnig wttW (TauSpinner + Dizet)

Add fiducial selection

E. Richter-Was, IF JU LHCC Precision WG meeting, 15.11.2018 24



SPARES slides
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DYTURBO: QCD NLO - LO

A ( A (NLO) — A, (LO) ) between different EW LO schemes

80012 [ T ~0.002 [+ T
s F . 3¢ -
< r DYTURBOMNLO-LO @8 Tav | <C - DYTURBONLO-LO @B TeV |
' 0001 |¥j< 0.8 — ' - 08 < [¥]< 1.6 -
2 B IY |<0-8 - EWLO: af0) VO — e - 0-8< IY I< 1-6 —eoo— EWLO: cf)ve -
< r —— EW LO: a0} v ] 50015— —r EWLO: aff)vi —]
T.0008 — —A— EWLO:G, —] - B —h— EWLO:G, ]
0.0006— - 0.001— -
0.0004 | —] B ]
0.0002[— — 0.0005— ]
ol i B |
_0 000 _| 11 | 11 1 | 11 1 | 11 | I 11 | I 11 1 | 11 1 | 11 1 I 11 |_ 1 11 | 11 1 | 11 1 I 11 1 | 11 1 | 11 1 I 11 1 I 1 1
. %:] 1] 140 160 180 200 220 240 60 80 100 120 140 160 180 200 220 240
m,. (GeV) m,, (GeV)
B IR e o o A e 0025 [
< - DYTURBO NLO -LO @6 TaV - B DYTURBO NLO -LO @8 TeV ]
' - 16<[¥]j<25 — ' r 2.5 < |Y I< 3.6 25« [¥]< 38 ]
2w L 1.6 < IY I< 2'5 - EW LO: afl) Vo N 2 p.ooz— —--—— EWLO: a{0] vO —
0015 —— EW LO: ) v — < r —F— EWLO: ef0] vl 1
- B —h— EWLO: G, ] - - i —k— EWLOG, a
L i - ]
-8 . 0.0015— = & —
L i - F ]
x r i ]
0.001— =& — r = Py ]
- & — C & “ ]
X g 0.001— = F —
[ a ] - = i
[ = ] [ & ]
0.0005—4 — [ & -
= T 0.0005= —
- — - -
3 i iy ]
¢ : _
[ e — o perseepeegepeg et
_| 11 | 111 | 111 | 11 1 I 11 1 I 111 | 11 1 | 11 1 I 11 |_ _| 11 | 11 1 | 11 1 I 11 1 | 11 1 | 111 I 111 I 11 1
60 80 100 120 140 160 180 200 220 240 60 &0 100 120 140 160 180 200 220 240
m,, (GeV) m,, (GeV)
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Validating reweighting wt*W: EW LO

A Ag: driven by s?, value (same for o(0) v1 and G, schemes)

‘\\\\‘II\\'I\\
Powheg_ew @ 8TeV

From slides 25.09.2018

EW LO: o(0) v0
EW LO: o(0) v1
EWLO: G,

A Apg =Agg — Agg et

—3— 0/(0) v1 - 0(0) VO

E0.02:\ L TTTT ‘ UL ‘ L | L | T T | TTTT L \: EO.D2:| TTT L
‘4(0_01 52_ PowhegZj + witW @ 8TeV 3 :0_01 52_
0.0 e EW LO: o(0) v0 E 001
= EWLO: of0) v1 E o,
0005 T gy Lo G, ;0 -
0F 1
-0.005F -0.005-
001 -0.01=
-0.015E -0.015k
-0.02F -0.025%
—0.025F Mgy 1 -0.025F
— :\ 111 ‘ | ‘ | ‘ 11 1| | 1111 | 1111 | | ‘ 111 \: —4 :I 11 | ‘
00358090 fo0 110 120 130 40 150 030 g0
M. (GeV)
"E.ODB B L L | T T T 7T | L | L | T 1T | L L ]
31: - (PowhegZj+wt™) - Powheg_ew E
S0.006— EW LO: &(0) vO ]
- — = EW LO: o(0) v1 .
0.004 —&— EWLO: G, _]
0.002[4 . -
4 l x“; b
o ]
0 L x l———f—!!fm-x‘—'—inl— —————————————— e
S zk X :l‘ |
B *ax i
-0.002- . =
111 1 ‘ 111 1 | 11 1 | 11 1 | 1 Il | 11 1 | 111 1 ‘ 111
70 80 90 100 110 120 130 140 150
Mg (GeV)

1000 20 130940 150 G”-G(O) vO
M. (GeV)

90

o —

Double difference:
AA;; (Powheg_ew) - AA,; (Powheg+wttV)

—%— a(0) v1-a(0) v0

S — G, - a(0) vO

Shift of 0.0005 at the Z-pole at EW LO, not precise enough tunning of s2w between ,,pole”

and ,,on-mass-shel

I”

definitions? Or the limitation of the reweighting with wttW ?



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
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QED (radiative) corrections

NOT discussed here.

QED FSR can be simulated by PHOTOS implemented as after-burner step on
already generated event. QED ISR should be convoluted with QCD ISR. For QED
initial/final state interference (see slide 42) and talks by A. Sapronov and S. Yost.

Real emission + pairs creation Vertex corrections
) ) /e ! Ie

e

vy and yZ box diagrams It is QED gauge-invariant set of diagrams
) 1,7 ) (D. Bardin, hep-ph/9908433)
A At e Al BVAN which can be factorised out and/or
convoluted with QCD corrections.

] ) \

£ ———— A NAN———— f fr—a 7,

Calculated with fixed value of o,
Ogep = 1./137.0359895

E. Richter-Was, IF JU LHCC Precision WG meeting, 15.11.2018 29



Dictionary

EW LO Born (LO = lowest order):

tree-level vertex and propagator of the Z/y* bosons, setting of SM EW parameters
defines the EW scheme.

EW effective Born:

tree-level vertex and propagator of the Z/y* bosons, EW couplings: a(m,), sinZ0,, (m;)
m, set of best measured values.

EW Improved Born Approximation (IBA):

tree-level vertex and propagator of the Z/y* bosons, EW couplings and propagators
multiplied by form-factors dependent on the scattering angle of the lepton (choice of
frame) and virtuality of Z/y*.

QED/EW corrections: D. Bardin et al. arXiv:9908433
separate set of ,,QED corrections” and ,,genuine EW + lineshape corrections”

>

Tree level Gp = T by — My -1
. af - =y i - - e — 9 i Mree

Standard Model relations: V2m3y, sin® B4 my cos? Oy

E. Richter-Was, IF JU LHCC Precision WG meeting, 15.11.2018 30



Uncertainties on TH predictions

We have established such excellent
agreement between very different:
EW calculations, codes, QCD details
(matrix element, PDFs,... ).

Lets start now asking more detailed
questions about individual corrections.

* Not all terms can/should be directly
compared.

* The dominant systematics for LEP
sinZ0_; measurement, which was
Aoc(-")had (M,2). Are we consistent
about this correction term?

* The m, since then known with 10 x
better precision. Not an issue
anymore.

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

my [GeV]

0.23099 + 0.00053

- 0.23221 + 0.00029

0.23220 + 0.00081

qr

0.2324 +£0.0012

0.23153 + 0.00016
¥%d.0f:11.8/5

Prob= 3.7%

0.23

T T T T
0.232 0.234

.2 lept
sin“6,

New measurement (arXiv:1706.09436)
Aoay,,q®(My) =

0.02753 +- 0.00009
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Status of Aa, . ,*'(M,?)

from D. Schlatter, 2007

129 1268.9 128.8 128[§

]

1

i —— i i

._*ﬁ

“MI" ____ Atend of LEP Aoy.y became limiting
Mok & Zeppentet 90) uncertainty in SM fits.
Burkart & Pietrzyk (35) ——  Ad},4(M7)=0.02804+0.00065

Adel & Yndurain (95 »)

Alemany et al. (97) E)e

| Alemany etal, (97) (e'e" 1 Post LEP measurements from BES and CMD-2

i Krasnikov & Roden

| Davier & Hocker (97)
i Kuhn & Steinhauser (98)

i Groote et al. (98)

i Erler (98)

1 Davier & Hocker (98)

i Eidelman & Jegeriehner (98)

1 Jegerlehner

:nAanuxetaL§oo; excl)
Martin et al mim?
! Burkhardt & Pietrzyk (01)

rg (9

Euclidean

improvement.
A0.4(M5)=0.02758+0.00035

This value is used by EWWG

| degerietver (01 j} -'megfa'} Using perturbative QCD

i ] 1 de Troconiz &
----- New CMD-2 re-analysed rr"r' data used

ndurain (01

i Burkhardt & Pletrzlxk (t03 plr;?,!)
integral

| ——=—4 1 1 ! Jegerlenner g
| —— | | | | Jegerienner (03 kEuclldean)
: h-= ! ; ! HMINT (03) (excl.)
| g5 E i i .—1? \JTI'”»lan
270 280 290 A(lhﬂp(MJ
r(0
a(s) = (3) i
| — A" (5) — Aay(s) — Aa'(5) — Aa®®s(s)
(5) 2 QY =
Aa®(M2) = 0.0280398

Aag(M2) = 0.0314976.
Ad'(M2) = —0.585844 - 1074
Aa® (M%) = —0.103962 -

10~%_

Recent measurements:

— | Dizet 6.21 default

arXiv:1706.09436
Aahad(S)(Mz) = 0.02753 + 0.00009

arXiv:1802.02995
Aahad(5)(MZ) =0.02761 + 0.00011
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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

LHCC Precision WG meeting, 15.11.2018

shift of about -0.00020
due to corrections to M,

«—

<«—— shift by +11 MeV

ATLAS measurement
M,, = 80370 + 19 MeV

1 | ?
MZ I|1 4."16
V) \ MX(1-Ar)

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

LHCC Precision WG meeting, 15.11.2018

+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

LHCC Precision WG meeting, 15.11.2018

D

+ 0.00005
around nominal

value of sin20
with AMT4=4
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Dizet 6.21 initialisation (KKMC default)

Internal flag

Default value

Optional valus

Description

ibox | 0,1 EW boxes on/off

[hvp | 1,2.3 Jegerlehner/Eidelman, Jegerlehner(1988), Burkhardt etal.
[amt4 4 0.1.2.34 =4 the best, Degrassi/Gambino

Iqcd 3 1,2.3 approx/fast/lep1, exact/Slow!/Bardin/, exact/fast/Kniehl
[moms I 0.1 =1 W mass recalculated

[mass 0 0.1 =1 test only, effective quark masses

[scre 0 0,12 Remainder terms

[alem 3 1,3 or 0,2, for 1,3 DALHS not input

Imask 0 0.1 =0: Quark masses everywhere; =1 Phys. threshold in the ph.sp.
[scal 0 0.1,2,3 Kniehl=1.2.3, Sirlin=4

[barb 2 -1.0.1.2 Barbieri???

[fyr I 0,1 FTIR corrections

[facr 0 0.1,2.3 Expansion of 0,: =0 none:; =3 fully, unrecommed.
[fact 0 0,1.2.3.4.5 Expansion of kappa: =0 none

[higs 0 0.1 Leading Higgs contribution resummation

[atmt l 0.1 =0 for old ZF

[ewlc 1 0.1 17?

[czak | 0.1 Czarnecki/Kuehn corrections

[hig2 1 0.1 Two-loop higgs corrections off,on

lale2 3 1.2.3 Two-loop constant corrections in o,

[gfer 2 0,1.2 QED corrections for fermi constant

[ddzz 1 0.1 777 DD-ZZ game, internal flag

E. Richter-Was, IF JU
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