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- A global fit attempts to set limits for all SMEFT parameters at the same time

1. Very precise measurements and theory predictions
2. Focus on an observable sector - W and Z pole observables



Theory framework

Z. and W pole observables are mainly sensitive to non-derivative
interactions between EW bosons and fermions:
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We end up with only 20
independent parameters
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Traditional pole observables

Observable ‘ Experimental value ‘ SM prediction
myw [GeV] 80.379 = 0.012 |9] 80.356
Ty [GeV] 2.085 + 0.042 |9] 2.088
Br(W — er) 0.1071 £ 0.0016 [5] 0.1082
Br(W — ) 0.1063 £ 0.0015 [5] 0.1082
Br(W — 7v) 0.1138 £ 0.0021 [5] 0.1081
Br(W — pv)/Br(W — ev) 0.982 + 0.024 [32] 1.000
Br(W — pv)/Br(W — ev) 1.020 + 0.019 [12] 1.000
Br(W — pv)/Br(W — ev) 1.003 = 0.010 [13] 1.000
Br(W — 7v)/Br(W — ev) | 0.961 £0.061 [9, 31] 0.999
Br(W — 7v)/Br(W — ) 0.992 +0.013 [14] 0.999
L(W—cs) 0.49 +0.04 [9] 0.50

Ry, = T(W —ud)+L (W —cs)

(Observable Experimental value | SM prediction Definition
T, [GeV] | 24955 +£0.0023 [4, 28 2.4041 > T(Z = ff)
Ohad [nb] | 414802 +£0.0325 [4, 28] | 41.4842 ,’,—'ﬁ:’e““""‘;__”'““"‘“
orE Fil
oy
R. 20.804 £ 0.050 [4] 20.734 ‘j “,, ,f”.‘
R, 20.785 £ 0.033 [4] 20.734
'\._‘
R, 20.764 £ 0.045 [4] 20.781 jﬁx__k._,.__
A 0.0145 £ 0.0025 [4]| 0.0162 242
Ans 0.0169 + 0.0013 [4] 0.0162 34.4,
App, 0.0188 £ 0.0017 [4] 0.0162 2AA-
R e — I'|Z—hb
Ry, 0.21629 + 0.00066 [4] 0.21581 SaREE=T
e T e 0 J.“x—."!'.'!'.':
R. 0.1721 £ 0.0030 [4] 0.17222 SR e~
AR 0.0996 + 0.0016 [4, 29) 0.1032 244
AFB 0.0707 £ 0.0035 [4] 0.0736 3A.A.
A 0.1516 & 0.0021 [4] 0.1470 M(vef o ) T e ep)
; - - I'Z— F-DE=pnpg)
A, 0.142 £ 0.015 [4] 0.1470 “;‘II‘}‘__'W'“ J“H“H
A, 0.136 & 0.015 [4] 0.1470 (e ) T2y )
A 0.1498 4 0.0049 [4] 0.1470 “x"“';-"jj‘,”i"‘"'“"ﬁ’
TS —%T
A 0.1439 + 0.0043 [4] 0.1470 Aeirhpel . 57
Ay 0.923 £0.020 [4] 0.035 "f"""‘“‘f-f’.*‘__-y{-__{;j—-‘““b“J
A 0.670 £ 0.027 [4] 0.668 N7 erep) T entn)
A, 0.805 £ 0.001 [30] 0.036 -
e R [[Z—=ui)+ T [Z—=ef)
R 0.166 + 0.009 (9] 0.1722 T




Traditional pole observables

© Leptonic couplings:

~1.34+3.2
[6g) ¢lii=| —2.8+£26 | x 1073
1.5+ 4.0
—0.19+0.28
(097 = 0.14+1.2 x 1073
—0.09 + 0.59

©'s, ¢, b couplings:

[697¢)i =

—0.43 = 0.27
004+1.4
0.62 £ 0.62

x 1073

> W mass correction:

6y = (2.94+1.6) x 1074

6g7¢ = (1.3+£4.1)x 1072 g5 =(2.24£5.6) x 102

6g7°¢ = (—1.3+3.7) x 107
6g7° = (3.1+1.7) x 1073

5g5¢ = (—3.2+5.4) x 1073
S5’ = (21.8 +8.8) x 1073

Update of
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©'s, ¢, b couplings:

[697¢)i =

—0.43 = 0.27
004+1.4
0.62 £ 0.62

x 1073

> W mass correction:

6y = (2.94+1.6) x 1074

What about Zuu and Zdd corrections?

6g7¢ = (1.3+£4.1)x 1072 g5 =(2.24£5.6) x 102

6g7¢ = (—1.3+3.7) x 1073
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Traditional pole observables

One linear combination of up and down quark vertex corrections is unconstrained:
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Traditional pole observables

One linear combination of up and down quark vertex corrections is unconstrained:

3 2 2 3 2 T 2
Zu_l_(SgIZ/d_l_ 91, gY(Sggu_l_ qr, gYég]%d

(SgL ; 7
4g§ 29%

It is useful to rearrange these 4 couplings so that we can separate the blind direction
from the rest of the parameter space:

T Sg7e 0.93 —0.29 —0.23 —0.01 dg
vl _ o, dgi* | _ | 018 0.87 —0.33 —0.33 | | dgz"
| dg7 0.27 0.18 090 —0.29 | | 6g7¢
t s 0.17 0.37 0.17 0.90 g

T —09£1.8
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Traditional pole observables

One linear combination of up and down quark vertex corrections is unconstrained:

397 — g4 397 + g3
Sgft + 697t + LT sgit 4 L I gl
4gyr 29Y

It is useful to rearrange these 4 couplings so that we can separate the blind direction
from the rest of the parameter space:

T dgée 0.93 —0.29 —0.23 —0.01 dg t unconstrained. Can LHC help?
vl _p dg4n _ [ 018 0.87 —0.33 ~0.33 S g4t
| 6g7° 0.27 0.18 0.90 —0.29 Sg#d
Ny 7 This can be achieved
t 0g41 0.17 0.37 0.17 0.90 0g41 ing DO data [Efrati
using ata | Efrati,
@ Falkowski, Soreq, ‘15]
00418 but with very modest
m M | L . <
03+33 | x10-2 precision: |t| < 0.2

o K
[

—24+ 4.8



Drell-Yan Apg at the LHC

© We find that the cleanest observable for the task at hand is the Drell-Yan
forward-backward asymmetry (Apg)
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Drell-Yan Apg at the LHC

© We find that the cleanest observable for the task at hand is the Drell-Yan
forward-backward asymmetry (Apg)
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Drell-Yan Agg at the LHC

Y] Experimental value | SM prediction | EXp. value:
0.0-0.8 | 0.0195+0.0015 | 0.0144 4+ 0.0007 | NNLO in QCD SM prediction:
08-1.6 | 0.044840.0016 | 0.0471 4 0.0017
1.6-25 |  0.0923 4 0.0026 | 0.0928 + 0.0021
25-3.6 | 0.1445+0.0046 | 0.1464 + 0.0021

Ay = (3/8)AFB



Drell-Yan Apg at the LHC

SM prediction Exp. value:

0.0144 + 0.0007 | NNLO in QCD SM prediction:

Y] Experimental value
0.0-0.8 0.0195 £ 0.0015
0.8-1.6 | 0.0448+0.0016 | 0.0471 4+ 0.0017
1.6 - 2.5 0.0923 £ 0.0026 0.0928 £ 0.0021
25-36 0.1445 £ 0.0046 0.1464 £ 0.0021

o Restrictions from each bin:

0.0<|Y| <038:
08 <|Y|<16:
16 <|Y]|<25:
25 < Y] <3.6:

Ay = (3/8)AFB

0.635g7% + 0.715g2" — 0.206g7 — 0.2269%% = 0.088(29)
0.608g7" +0.74 52 — 0.18 697 — 0.22 692 = —0.012(12)
0.538g7% 4+ 0.80 g2 — 0.16 g7 — 0.23 6977 = —0.0014(92)
0.435g7" + 0.86 g2 — 0.18 6g7% — 0.21 695 = —0.0030(81)



Drell-Yan Apg at the LHC

Y] Experimental value | SM prediction | EXp. value:
0.0-0.8 | 0.0195+0.0015 | 0.0144 £ 0.0007 | NNLO in QCD SM prediction:
0.8-1.6 | 0.0448+0.0016 | 0.0471 4+ 0.0017
1.6 - 2.5 0.0923 £ 0.0026 0.0928 £ 0.0021
25-36 0.1445 £ 0.0046 0.1464 £ 0.0021

© Restrictions from each bin: Ay = (3/8)Arp

0.0<|Y|<0.8: 063597+ 0.718g5" — 0.206g77 — 0.22 6927 = 0.088(29)
08 <|Y]|<1.6: 0.6035g7"+0.745g2" —0.18 597 — 0.22 695 = —0.012(12)
1.6 <|Y]|<25: 0.530g7% 4 0.808g5" —0.16 g7 — 0.23 8¢5 = —0.0014(92)
25 <|Y|<3.6: 043597+ 0.86dg5" — 0.188g7% — 0.21 695 = —0.0030(81)

¥

o Restrictions on the four uncorrelated and orthonormal linear combinations:

B — [l.?l(‘igf“ - 0.19(‘5._{)}%“ - 0.46(‘5;}%“" - 0.845._(]}%‘1 —10+4
Y =0.036g7" — 0.070g%" — 0.870g7% + 0.490977 | 0.5+ 0.4
2 = 0.830g7" — 0.545¢4% + 0.026¢7% — 0.106g5% | 0.04 + 0.06

' =0.510g7" + 0.825g4" — 017597 — 0.225g47 —0.001 £ 0.005



Drell-Yan Apg at the LHC

Y] Experimental value | SM prediction | EXp. value:
0.0-0.8 | 0.0195+0.0015 | 0.0144 £ 0.0007 | NNLO in QCD SM prediction:
0.8-1.6 | 0.0448+0.0016 | 0.0471 4+ 0.0017
1.6 - 2.5 0.0923 £ 0.0026 0.0928 £ 0.0021
25-36 0.1445 £ 0.0046 0.1464 £ 0.0021

© Restrictions from each bin: Ay = (3/8)Arp

0.0<|Y|<0.8: 063597+ 0.718g5" — 0.206g77 — 0.22 6927 = 0.088(29)
08 <|Y]|<1.6: 0.6035g7"+0.745g2" —0.18 597 — 0.22 695 = —0.012(12)
1.6 <|Y]|<25: 0.530g7% 4 0.808g5" —0.16 g7 — 0.23 8¢5 = —0.0014(92)
25 <|Y|<3.6: 043597+ 0.86dg5" — 0.188g7% — 0.21 695 = —0.0030(81)

¥

o Restrictions on the four uncorrelated and orthonormal linear combinations:

B — 0.215_(]5” - 0.195_{]}%“ - 0.466_95“" - 0.845_91%“" —10+4
Y = 0.030g7" — 0.076g%" — 0.875¢7¢ + 0.495¢%% | 0.5+ 0.4 We are capable of obtaining
2 = 0.830g7% — 0.540¢%% + 0.020¢7% — 0106924 | — | 0.04 4 0.06 per mille level constraints

t' = 0.515g7" + 0.826g4% — 0.176g%71 — 0.226¢54% <0.001 + 0.003




Drell-Yan Agg at the LHC

- Impact on the global fit:

The combination of

. 0.004 4+ 0.017 1. —0.09 —0.08 —0.04 ,

| " ; LEP+LHC is good enough

y| 10010 £0.032 | 009 1 —0.09 ~0.93 B e Dl et
1002140046 |7 7T | —0.08 —0.09 1. —0.19 #> to lift the blind direction, but

t ~0.03 4 0.19 ~0.04 —0.93 —0.19 1. We are 1ot as restrictive as In
t,sincet- -t = 0.16




Drell-Yan Agg at the LHC

- Impact on the global fit:

x 0.004 + 0.017 1. —0.09 —0.08 —0.04 The combination of

e
g | |0.010+£0032 | =009 1. —0.09 —0.93 LEP+LHC is good enough
N 6 [ 77| —008 —0.09 1. —0.19 #>

P 0.021 &+ 0.046 to lift the blind dlr.ecpon, bgt
t —0.03 £+ 0.19 —0.04 —0.93 —0.19 1. we afe I}Ot as FeS,U‘ICthe as in
t,sincet- -t = 0.16

- LHC constrains a specific direction much strongly than D0. Both hadron measurements are
important for the global fit, although for simple scenarios LHC has a larger effect. All in all,
traditional pole observables + ATLAS + D0 give:

(nglf\ —0.012 10.024\ ( 1 0.51 0.68 0. 60\
ogpt | | —0.005 £ 0.032 1051 1 0.56 0.94 | The other 16 parameters are
sg7d | ~ 1 —0.0204£0037 | "7 068056 1 054 | alsobeingfitiedhere, fo almost
no changes in their limits

\og ) \—0.0310.13) \0.69 0.940.54 1 )



Ssummary

© LHC Agg provides ~0.5% bounds on Zgq corrections

0.518g%" 4 0.820g4* — 0.176g7% — 0.22692% — _0.001 =+ 0.005

~ The t variable is lifted with the inclusion of the Agpg ATLAS input

© We find that the ATLAS Arp information provides a significant improvement
on LEP-only bounds on the Zgq vertex corrections

© Outlook 1: Current and future measurements of Drell-Yan dilepton production
by LHC could be analyzed following our procedure to
extend the impact of hadron colliders on the electroweak precision program

“ Outlook 2: Information from Drell-Yan cross sections could be added,
and off-pole data could be analyzed too (— LLQQ operators enter)



Moving forward

> We use DYTurbo to produce multiloop calculations of the observable with kinematic cuts

© We expand the experimental input by considering off-pole data (maybe other
measurements from CMS, LHCDb, etc.)

° Preliminary results (Agp from

couplings included):

0.010 0.051
—0.006 0.034

0.023 0.059
~0.163 0.227
—0.308 0.248
0.848  0.019
0.315  0.698
\—0.239 0.570

—0.058 —0.259 —0.110 —0.930 —0.004 —0.079 0.065 0.053

/—0.004 —0.011 —0.006 —0.037 —0.007 —0.766 —0.204 0.217 —0.519 —0.232

0.012 0.180
0.013 0.086

0.008 —0.249 —0.202 0.548 0.732 —0.158
0.009 —0.582 0.239 —0.526 0.336 0.454
0.196 —0.022
0.014 0.070 0.062 —0.075 0.889 0.149 0.000 —0.411
0.345 —0.108 0.252 0.021 0.178 0.508 —0.176 0.638
0.769 —0.137 0.073 —0.005 —0.145 —0.278 0.100 —0.346
0.223 —0.085 0.466 —0.010 —0.028 —0.047 0.021 —0.057
—0.048 —0.206 —0.605 0.003 0.031 0.026 —0.012 0.030
—0.474 —0.095 0.586

( (ngu \

0.006 —0.107 —0.117 0.034 —[J.124) \

3gz"
8977
5g2d
[Clq] 11
[Clu] 11
[Cld] 11
[Oeq]1 1
[Ceu] 11

(Cedlyy)

[ 8+21
2.8L3.6
41422

11417
0.21 + 0.52
0.090 + 0.059
0.033 4 0.029
~0.057 £+ 0.020
0.011 + 0.013

RLAR
59%“
dqfd
(59123‘1
[Clq] 11
[Cluj 11
[Cal 1,
[Ceglyy

\ 0.0224 = 0.0089 /

(~0.056 £ 0.018)

[Ceuly
\[Ced] 11)

\ 0047 £ 0.046 )

, whole dilepton mass spectrum, 4-fermion

0.031 £0.012
—0.035 = 0.016
—0.086 £+ 0.048

0.009 £0.012

3.14+1.0
—0.129 £0.073
—0.065 £ 0.053
0.15+0.16
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Extra: Drell-Yan Agg at the LHC

- AHIC provides crucial information in simple NP scenarios:
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