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SMEFT - Standard Model Effective Field Theory

effective extension of the SM Lagrangian for energies much higher than the SM scale:

A : energy scale

1 1
LsverT = Lsm+ —CPO®) + 2 Z Ci(6)0§6) +...
i

/ 2
neutrino masses N~ : e .
mass dimension = 4 BSM physics Cz - Wilson coefficients

O; : higher dimensional operators

g

e higher dimensional operators based on SM symmetries & constructed from SM fields

—> model-independent probes of BSM phenomena by constraining values of the Wilson coefficients
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Constraining SMEFT Wilson coefficients in the top-quark sector

e many BSM models predict deviations in top quark couplings

e efforts ongoing to constrain Wilson coefficients of dimension-six operators affecting the top quark

two studies investigating aspects for enhancing SMEFT fits in the top quark sector:

1) including observables from B physics [Eur. Phys. J. C 80 (2020) 136]

2) impact of correlations between uncertainties [1912.06090]
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https://link.springer.com/article/10.1140/epjc/s10052-020-7680-9

Combining measurements from top quark and B physics

e top quark related EFT operators also affect B physics processes

= combine measurements of top quark & B physics observables in one fit to constrain Wilson coefficients

t
e example: top-quark photon coupling
t// %
Top B
/ ’\‘Z‘\‘\.
re t
tt’y m@ b— s+ b r \ s
w=
production cross section BR(B — X,7)
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tty production cross section

g t 9 t g t
g Y ¥
9 8999999999999 < t g t g i

® QOperators affecting top-boson interaction:
Oua = (qUHVTA )@GW, Ou = (G0"*u) 3By, , Ouw = (qau - u) (pWI

e consider fiducial cross section measurement by ATLAS @ 13TeV (eur. phys. J. ¢ 79 (2019) 382]
e computation of BSM cross sections: MadGraph + dim6top UFO model
e interpolation using quadratic polynomial = parametrization of cross section as a function of Wilson coefficients
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https://link.springer.com/article/10.1140/epjc/s10052-019-6849-6

Parameterization of fiducial cross section :
N . 5 @:%a
oad(C;) = o0wt(C;) - Aga(Ch)

/ \ v = 246 GeV

MadGraph + dim6top + interpolation event selection with MadAnalysis + interpolation

single-lepton channel
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SMEFT vs. WET

e Top-Physics: SMEFT

C _
Lsmert = Lsm + Z ﬁOl@ +0 (A"

[ B-Physics: WET (Weak Effective Theory)

p 4G p
WET — — —
V2
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8
ViiVip Y GO,
i—1

Operators contributing to ¢y-coupling:

OuW (qo-ﬂ T u) @W;fua
OuB = (qo-/Wu) (FBB/U/ )

Ouc = (0" T ) ¢G4,
matching

e
Q7= Tmb(SLG“ br)Fuv

8
Os = 1672

(S_LO'uvTabR)GZV ,


#

Energy scale
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ESMEFT

LWET

<— Full theory of SM + BSM particles

<— SM particles

<— SM particles withoutt, h, W, Z
(integrated out)



Matching & Running

HeT

122%%

Uo7

Energy
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1.

OUW (qa-lu’ ) W[[{y )

Oup = (qUWU) ¢Bu,

LSMEFT
Ouc = ((jO"WTAu) @Gﬁy
running 1. Running in SMEFT (RGE)
2. matching
LSMEFT - LWET 2. Matching SMEFT onto WET at scale ,,,
3. running 3. Running in WET (RGE)
LwET
Q7= 16 zmb(é’LU“ br)Fuw
T 2mb(3LU“"TabR)GZu-


#

BR(B — X,7)

matching SMEFT onto WET:

ACY ~ Cuw A(we) + Coa B(ar) + CupClar) + CapD(a:)
mw (éuGc(l't) + C’ZGD(l't))

ACY) ~ G E(me) + Gy F () — 2 . T
s\ W

calculation of BSM contributions is known in |:>
terms of WET operators [hep-ph/0609241, hep-ph/0104034]

BR(B — X,7) = (332 £ 15) x 107° [HFLAV 2019
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https://arxiv.org/abs/hep-ph/0609241
https://arxiv.org/abs/hep-ph/0104034
https://hflav-eos.web.cern.ch/hflav-eos/rare/April2019/RADLL/OUTPUT/HTML/radll_table3.html

How to constrain Wilson coefficients?

1250 | \\ 1 — CB
2 1000 : ZZ
E \ ATLAS
? 750 | \
ol olld) \s(t7y, 1) = 521 £ 9 (stat.) =41 (syst.) b,
-1.0 -0‘.5 OjO 0:5 1j0 ATLAS

ol s (1Fy,2¢) = 69 + 3 (stat.) £ 4 (syst.) fb.

MC SirT;:uIations [Eur. Phys. J. C 79 (2019) 382]
> Model Data
Theory calculations

HFLAV combination (BELLE, BaBar, CLEO)
BR(B — X,7) = (332£15) x 107  [HFLAV 2019]
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https://link.springer.com/article/10.1140/epjc/s10052-016-4280-9
https://github.com/bat/BAT.jl
https://hflav-eos.web.cern.ch/hflav-eos/rare/April2019/RADLL/OUTPUT/HTML/radll_table3.html

Combined fit: Top + B
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—> combination of top quark & B observables improves the constraints by up to a factor of 10
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How to enhance SMEFT fits in the top-quark sector ?

1) including observables from B physics [Eur. Phys. J. C 80 (2020) 136]

2) impact of correlations between uncertainties [1912.06090]

e global SMEFT fits usually include multiple measurements of several observables

° uncertainties of the included measurements are often correlated

problem: determining correlations between uncertainties is challenging, especially between
different experiments = correlations are often neglected in SMEFT fits

Do correlations even matter in SMEFT fits ?

—y study the influence of correlations on the results of a SMEFT fit
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https://link.springer.com/article/10.1140/epjc/s10052-020-7680-9

Setup of our study

e observables: t-channel single-top quark production and from top-decay (W-helicities & top-width)

4 dimension-six operators of interest:

3 . L3 B i i
O‘(i’q) - (¢T L *qub) (a7"7'ar) Ow= (qro™ r'tr) oW, ,
O((]}I) = (@wwar) (@7"aL) 0512): <(7L7'/171(1L> ((YL“;“T[(JL) 3
b t b ;
w
q > > q’ q q/
3 independent parameters in the fit: éé?;) : Cow ’ éqq
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Measurements included in the fit

55 measurements of 41 different observables:

N Luminosity Experiment Observable
4.59fb~ 1 ATLAS o(tq), o(tq), do(tq)/dpr, do(tq)/dpr

7TeV 1.17 b~ (p) CMS o(tq+tq)

1.56 fb~*(e) CMS o(tg+1tg)

8 TeV 20.2fb~ 1 ATLAS a(tq), o(tq), do(tq)/dpr, do(tq)/dpr
19.7fb7* CMS a(tq), o(tq), o(tq + tq), do/d|y(t/1)|
3.2fb~ " ATLAS o(tq), o(tq)

13 TeV 2.2fb~! CMS o(tq), o(tq), o(tq + tq)
2.3fb! CMS do/d|y(t/T)]
2.7fb~ ! CDF F,

1.96 TeV 8.7fb~! CDF F
5.4fb~! DO F
1.04fb~ 1 ATLAS Fo, Fi

i 5.0 b1 CMS Fo. Fy
20.2fb~1 ATLAS Iy

8 TeV 20.2fb~? ATLAS Fo, Fr
19.7fb~? CMS Fo, Fr.

13 TeV 19.8fb~! CMS Fo, Fr,

e 3 types of uncertainties: statistical, systematic, theory
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total & differential t-channel cross sections
ATLAS, CMS

W-helicities & top-width
ATLAS, CMS, CDF, DO
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Setup of the fit

200

150 =|

100 =|

CROSS SECTION

V)
o
1
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°

S/

'  TO BE DETERMINED
\ e
L
] 1 ]

-2

parameterizations for cross sections

-1 o] ]
WILSON COEFFICIENT C

use both linear & quadratic
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Model

Data

Fit

“«F __ .
EA:[*JI EFTfitter

Results

Process NG Luminosity Experiment Observable
459" ATLAS o(tq). o(tg), do(tq)/dpr. do(tq)/dpr
Single top 7TeV 117 b~ (p) CMS a(tq+tq)
1.56fb~" (c) CMS a(tq +tq)
: 202" ATLAS a(tq). oltq), do(tq)/dpr, do(tq)/d;
Single top i 1971 CMS o((t(fz)), a((:’?) g(iqqi/{;, do /fz\i)(/t/%f
32M " ATLAS o(tq), o(tq)
Single top 13 TeV 22t CMS a(tq), o(tq), o(tq + tq)
2.3/t CMS do/d|y(t/)|
27fh T CDF Fo
Top decay 1.96 TeV 87! CDF )
5.4fb~" DO F
=T
202fbT ATLAS I
Top decay 8TeV 20.2fb~" ATLAS R, Fi,
19.7fh " CMS Fo, Fy
Top decay 13 TeV 198" CMS Fo, Fr

Corr(stat.), Corr(syst.), Corr(theo.)

How do correlations
influence the results?
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Correlations

55x55 correlation matrix for each of the 3 uncertainty categories

statistical correlations: given for bins of distributions, other statistical correlations assumed to vanish (independent events)

systematic & theory correlations: no information provided = “best guess” scenario with simplifying parametrization

best guess:

systematic correlations:

o(tg)r o(te)f o(te)g oltg)y T, ~ 2ssumptions:

0(75(1)17A 1 e pszys 0 0 \ e same experiment & same energy = strong corr.
0(_q)‘7A Pays 1 pszys 0 e same experiment & different energy = less strong corr.
- ( tq) ? % pszys 1 0 0 e different experiments = uncorrelated

U(tq)g 0 0 0 1 0 similar assumptions for theory correlations

.\ o 0 0 0 1)

Psys = 0.9, Pth = 0.9

ICHEP 2020 - Cornelius Grunwald 17



Fit results with & without correlations

No correlation Best guess
I I
~ -== SM — ~ — I
Cfp3) ' —_— Cf}i?l)_ = i |
q - Linear I i
i |
-~ Quadratic : i
| |
~ —_— & -—
Eaw ~ Cowl ——— sm to-
! - Linear |
' - Quadratic |
) ;1: - J
Cyq Caq :
I T T T T
-0.3 -0.2 -0.1 0.0 -0.3 -0.2 -0.1 0.0

marginalized best fit values & smallest 95% intervals

—> “best guess” correlations lead to significant deviations from SM for one of the Wilson coefficients

e varying values of psys, Pthi consistent behavior, larger correlations lead to stronger deviations
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What about the future?

scaled statistical uncertainties to 300 fb~' (LHC Run 3):

Best guess Best guess
e —— i &R - —
scaled to 300 fb™’ : current data
. | ) .
Cw] --- SM s Cew ] SM -
-~ Linear | -~ Linear
- Quadratic J - Quadratic J
o 'i Caa *
~0.3 ~0.2 ~0.1 0.0 0.3 0.2 ~0.1 0.0

— if statistical uncertainties decrease, correlations can lead to even stronger deviations from the SM
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Summary & Conclusions

e first consistent fit of SMEFT Wilson coefficients using a combination of
observables from top-quark and B physics

° combination leads to significant improvement of constraints
> combination of observables from different energy scales are beneficial for
global fits constraining top-quark related SMEFT Wilson coefficients

[Eur. Phys. J. C 80 (2020) 136]

e SMEFT fit of single-top & top-decay measurements

e studied the influence of correlations by comparing a no-correlation scenario

to a best guess correlation scenario

—y> correlations matter, in the future even more
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[1912.06090]

CuB

éuG

éuW

marginalized constraints

only BR(B - Xsy) 90% intervals
= only o(tty) 90% intervals
I combination 90% intervals

| ——
[——— [e——]

7 r—— —(—

-08 -06 -04 -02 00 02 04 06 08

¢
Best guess
|
——
~A(3) ——— !
Céq :
|
|
|
- do—
Can] ——- sM e
-~ Linear :
- Quadratic |
~ -
Caq "!
—03 —0.2 ~0.1 0.0
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https://link.springer.com/article/10.1140/epjc/s10052-020-7680-9
https://link.springer.com/article/10.1140/epjc/s10052-020-7680-9
https://link.springer.com/article/10.1140/epjc/s10052-020-7680-9

Backup
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EFT cross sections

o oc |[M|? <:j/—
o=

SM
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L = Lsvm+ 7%5 Ezzi(j}()

M = MM 4 LS O MBS

SM interf.
T

ZO C O'BSM

1<)

interf.

+

BSM
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Dependence of fiducial cross section on Wilson coefficients

1) quadratic interpolation of total cross section: 2) interpolation of fiducial acceptance:
Cu=0.0 €,z=0.0 , Cu=0.0 C,z=0.0
5 -
20 H —— : —— Interpolation
lnterpolatlo-n ® senuition
o ® MC Simulation o 20F
o 15 o
£ =
—~ 15}
< 10 =
= g
B s 10}
%53 02 01 00 01 0z 03 -1.0 -0.5 0.0 0.5 1.0
éuW CI:UW
different degrees of freedom in dim6top: Pl
Ofd GSM +ziéiwo.iimerf. + ¥ 60 AP’SM l_B_SM
A = = Cuz = cosOw Cuw — sinOw Cup = = ~ Aﬁd - ' - o'SM-l-Z'Co‘imerf.—l—Z. 46'146-6]351\]4 !
Cug;, Cuw, Cup = »  Cuc, Cuw, Cuz $ Otot l i%i0i Y%

known from event selection
known from previous interpolation
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Interpolation of cross section & fiducial acceptance

C.w=0.0 C,z=0.0

Cu=0.0 €,z=0.0

Cu=0.0 E,v=0.0

20 f|— Interpolation 20 {— Interpolation 20 f|— Interpolation
o ® MC Simulation o ® MC Simulation . ® MC Simulation
o o 15 o 15
£ £ £
’;' ; = ’; 0 \\\.__//
(B} (L] 14
= = =
s} B 5 O 5 .
0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 O 1 1 1 1 1 1 1
-0.3 -0.2 -0.1 00 01 02 03 -0.3 -0.2 -0.1 00 01 0.2 0.3 -0.3 -0.2 -0.1 0.0 0.1 0.2 03
CuG CuW CuZ
Cuw=0.0 C,z=0.0 Cu=0.0 C,z=0.0 Cu=0.0 Cuw=0.0
25 25 25
—— |nterpolation —— Interpolation —— Interpolation
@ Simulation @ Simulation @ Simulation
20 | 20 20 F
X X X
£ £ £
S 15F = A5 < 15|
= = e
< < <
10 '—’/\\v__’_____ 10 10}
L 1 1 1 1 1 1 1 1 1 L L 1
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
CuG CuW CuZ
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Combined fit: Top + B

1.0¢

12%

Y SM

0 only BR(B - Xsy)
mmm only oftty)
I combination
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CuB
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BR(B — X,v)

ACE ~ Cuw A1) + Ci B(w1) + CunClay) + Cip D)
é’u(;C(xt) + C;GD(xt))
477045(MW)

A CuBla) + iy Fl) — 270

b vw s b ’
\@/
v Y
b —?— s b v ’
g g
Ouc = (§o*'T*u) 3Gfs,, Oup = (§0"u) $Buy, Ouw = (Go*v'u) GWL,
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Correlations of best guess scenario

systematic correlations: theory correlations:

o(te)? o(ta)? oltae)s olte)s T o(te)y olte)y olte)y o
o(te)s [ 1 psys O3 o o\ olp( 1 pen L
o(ta)? | peys 1 Peye 0 o(ta)7 | pem 1 £
o(te)e | &= & 1 0 olte)s | 2 e 1
o(tq)§ 0 0 0 1 o(tq)s | o nL Pih
.\ 0 0 0 o 1) L \ 0 0 0
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Varying the correlation coefficients

Linear Quadratic
0.0 {=
e 20.051
%9 51 - -

-0.15 A s :
-0.2 - B 1 k
0.0 03 06 09 0.0 0.3 0.6 0.9

Pth = Psys Pth = Psys

marginalized best fit value (line) & 95% interval (band)

e vary the correlation coefficients for theory and systematic correlations of the “best guess” scenario
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Varying the correlation coefficients

no correlations .
Linear

0.0 Quadratic

0.0
Wk -0.018 -0.036]-0.045 -0.044 0.0 -0.0361-0.046 -0.045
-0.1 —
VKR -0.024]-0.043 -0.055 -0.06 e} -0.024]-0.044 -0.056 -0.062 sl
Ptheo Ptheo
(g -0.0291-0.049 -0.064 -0.077 02 0.6 -0.051 -0.066 -0.079 | 5.3
WKE -0.034]-0.056 -0.074 -0.09 WEE -0.034]-0.058 -0.076 -0.095
-—0.3 -—0.3
Psys best guess correlations Psys

e central values of é{i?]) from a marginalized fit

e below and right of grey line: deviations from SM more than 20
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Future vs. Current Data

I I
3 | === SM —— ) — !
C(3) i . — (3) | ——
%9 | -« Linear I Céa :
. | |
o= uadratic -
L : scaled to 300 fb™" :
- | ==
~ —1 ~
Cw1 Scaled to 300 fb “ Cwl ——- SM | &
] - Linear :
' ~- Quadratic |
P - .l
Caq :¢| Cqq ':
0.3 0.2 —0.1 0.0 —03 —0.2 ~0.1 0.0
No correlation Best guess
i i
3 | —=— SM — “(3) —
C(3) ] C( ] A
¢4 | - Linear i ¢a :
. 1
-~ Quadratic : I
1
~ -1- - -
Ciw T = Ciw] === SM e
: - Linear :
I -~ Quadratic :
~ e 2=
Caqq 1 :1': Caq "!
—0.3 —0.2 —0.1 0.0 —0.3 —0.2 —0.1 0.0
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