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Introduction

SMEFT approach to BSM physics

® Expect new degrees of freedom much heavier than SM content

® Express BSM physics in effective operators build out of SM fields (consistent with SM
gauge symmetries)

® Model-independent studies

()
ﬁSMEFT—ﬁsm+Z 0 + Z A2 of°

Majorana masses  Leading contribution

® | owest order: SM Lagrangian

® Add higher-dimensional operators
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Top quark sector of SMEFT

SMEFT approach to BSM physics

Run II, ATLAS+CMS, 68% and 95% C.L.
® Top physics have entered precision ! % G i 0.5
op pair Fit
phase 1 Single Top Fit

® Deviations in top couplings predicted in
many BSM models

® Several studies within the SMEFT '
framework ‘
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e Global fits and uncertainty management
key tasks | Duer
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[Brivio et al. (2019)]

= Correlations between uncertainties play important role
= Quantitative impact of correlations continues to be unknown
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https://arxiv.org/abs/1910.03606

Correlations in SMEFT fits

Operators and degrees of freedom

® Entertain example of t-channel single-top production and top decay

® Four dimension-six operators interfere with SM process

0(3 =i (d)T D%) (@r"r'ar) Ow= (quo™v'tr) oWy, ,

O((I}I) (qryvpar) (@y"qr) O = (arvur'ar) (av"m'ar),
I I ) |
q 4 q
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Correlations in SMEFT fits

Operators and degrees of freedom

® Entertain example of t-channel single-top production and top decay

® Four dimension-six operators interfere with SM process

0(3 = (d)T D%) (@r"r'ar) Ow= (qro" r'tr) oW}, ,

O = (quyuar) (ay"av) , O = (qrvur'ar) (ay"r'ar),

= Three parameters in the fit (C; = C;jv?/A2, with v = 246 GeV):

- - - 1 /- -
Cé:’;) , Gy, Cog = 052)1133 i : (C(1)1331 B 052)1331) ’

qq

® Observables: Production cross sections, differential distributions, angular observables
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Correlations in SMEFT fits

Measurements

® 55 measurements of 41 observables
® Single top production: Total and differential cross sections (ATLAS, CMS @ 7, 8, 13 TeV)
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https://arxiv.org/abs/1605.05585

Correlations in SMEFT fits

Measurements

® 55 measurements of 41 observables

® Single top production: Total and differential cross sections (ATLAS, CMS @ 7, 8, 13 TeV)
® Top decay: Total width (ATLAS) and helicity fractions F; (CDF, DO, ATLAS, CMS)

1 dI’ 3

3 3
Tdcosf 4F0 sin® 6 + éFL(l — cosf)? + gFR(l + cos )?
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https://arxiv.org/abs/1605.05585

Correlations in SMEFT fits

® 55 measurements of 41 observables

® Single top production: Total and differential cross sections (ATLAS, CMS @ 7, 8, 13 TeV)
® Top decay: Total width (ATLAS) and helicity fractions F; (CDF, DO, ATLAS, CMS)

® Bayesian ansatz for constraints with EFTfitter (castro et al. (2016)]

® Both linear and quadratic parametrization

oin=0sm+ Y Cioi, oqua=0sm+ »_ Cioi+ Y CiCjoi,
i i 1<J

® Third ansatz with global 'EFT uncertainty’ dgrt ~ v2/(1 TeV)?%:

OerT = Olin(1 + 0eFT)
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https://arxiv.org/abs/1605.05585

Correlations in SMEFT fits

Correlations of uncertainties

e Correlations of stat. unc. provided by experiment (mostly vanishing)
® Corrleations of syst. and theo. unc. not provided, but could be sizeable [atias, cms <ol (2019)]

® Simplifying assumptions: consider example of 5 measurements

o(te)p o(te)f o(te)y oltg)s T o(te)p o(te)f olte)s olte)s T
o(tq)h 1 1
o ()’ 1 1
o(tq)s 1 ) 1
o(tq)$ 1 1
I'y 1 1
systematic unc. theory une.
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https://arxiv.org/abs/1902.07158

Correlations in SMEFT fits

Correlations of uncertainties

e Correlations of stat. unc. provided by experiment (mostly vanishing)
® Corrleations of syst. and theo. unc. not provided, but could be sizeable [atias, cms <ol (2019)]

® Simplifying assumptions: consider example of 5 measurements

a(te)f o(tg)f olte)s olte)s T: a(te)f o(tg)f olte)s olte)s T
a(tq)s [ 1 Psys 1
0(@)9 Psys 1 1
o(tq)s 1 ) 1
o(tq)$ 1 1
Iy 1 1
systematic unc. theory une.
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Correlations in SMEFT fits

Correlations of uncertainties

e Correlations of stat. unc. provided by experiment (mostly vanishing)
® Corrleations of syst. and theo. unc. not provided, but could be sizeable [atias, cms <ol (2019)]

® Simplifying assumptions: consider example of 5 measurements

o(tq)7 o(te)? olte)y olta)s T o(tq)7 o(te)? olte)y olta)s T
o(tq)7 1 Psys 5 1
0(7Q)¢ Psys 1 % 1
ota)d | 5 % 1 : 1
o(tq)$ 1 1
Iy 1 1
systematic unc. theory une.
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Correlations in SMEFT fits

Correlations of uncertainties

e Correlations of stat. unc. provided by experiment (mostly vanishing)
® Corrleations of syst. and theo. unc. not provided, but could be sizeable [atias, cms <ol (2019)]

® Simplifying assumptions: consider example of 5 measurements

o(te)? o(ta)? o(te)y o(te)s T o(te)? o(ta)? o(te)y o(te)s T
o(tq)h 1 Psys B 0 0 1
a@)? | psys 1 B 0 0 1
ota)s | B 5 1 0o 0 !
o(tq)$ 0 0 0 1 0 1
I'y 0 0 0 0 1 1
systematic unc. theory unc.
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Correlations in SMEFT fits

Correlations of uncertainties

e Correlations of stat. unc. provided by experiment (mostly vanishing)
® Corrleations of syst. and theo. unc. not provided, but could be sizeable [atias, cms <ol (2019)]

® Simplifying assumptions: consider example of 5 measurements

a(te)f o(tg)f olte)s olte)s T: o(tq)7 o(te)? olte)y olta)s T
U(tQ)é 1 Psys % 0 0 1 Pth
a(tQ)7 | psys 1 & 0 0 Pih 1
ctaf| o 1 0 o L o
o(tq)$ 0 0 0 1 0 Pth 1
T 0 0 0 0 1 1
systematic unc. theory unc.
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Correlations in SMEFT fits

Correlations of uncertainties

e Correlations of stat. unc. provided by experiment (mostly vanishing)
® Corrleations of syst. and theo. unc. not provided, but could be sizeable [atias, cms <ol (2019)]

® Simplifying assumptions: consider example of 5 measurements

o(tg)f o(te)? olte)s oltgs T o(te)f o(te)? olte)s oltg)s T
ote)p [ 1 peys 0 0 1 b mm
a(tQ)7 | psys 1 e 0 0 Pth 1 2 L
ota)s | B 5 1 o 0| & A 1 Pt
ote)s| 0 0 0 1 0 o & Pth 1
I 0 0 0 0 1 1
systematic unc. theory unc.
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Correlations in SMEFT fits

Correlations of uncertainties

e Correlations of stat. unc. provided by experiment (mostly vanishing)

® Corrleations of syst. and theo. unc. not provided, but could be sizeable [atias, cms <ol (2019)]

® Simplifying assumptions: consider example of 5 measurements

o(tq)? o(ig)f olte)y oltg)g T

o(te)p o(te)p olte)s olte)s T

o(te)? [ 1 pys 2P 0 0 1 b B

a(t)f | psys 1 % 0 0 Pth 1 £ £ 0

olte)y | %= & 1 0 0 o oo 1 oo 0

o(tq)s 0 0 0 1 0 e & Pth 1 0

I 0 0 0 0 1 0 0 0 0 1
systematic unc. theory unc.
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Correlations in SMEFT fits

Correlations of uncertainties

e Correlations of stat. unc. provided by experiment (mostly vanishing)

® Corrleations of syst. and theo. unc. not provided, but could be sizeable [atias, cms <ol (2019)]

® Simplifying assumptions: consider example of 5 measurements

o(tq)? o(ig)f olte)y oltg)g T

o(te)p o(te)p olte)s olte)s T

o(te)? [ 1 pys 2P 0 0 1 b B

a(t)f | psys 1 % 0 0 Pth 1 £ £ 0

olte)y | %= & 1 0 0 o oo 1 oo 0

o(tq)s 0 0 0 1 0 e & Pth 1 0

I 0 0 0 0 1 0 0 0 0 1
systematic unc. theory unc.

= Two benchmark scenarios: p; = 0 ('"No Corr.") and p; = 0.9 ('Best guess’)
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Correlations in SMEFT fits
Fits in the benchmark scenarios

e All three coefficients varied independently, constant prior —1 < C; < 1
e Dots/lines denote global mode/95 % interval

No correlation

i
@)~ SM p—
%9 | - Linear —_—

- Quadratic :
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Ciw 1 =
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Correlations in SMEFT fits
Fits in the benchmark scenarios

e All three coefficients varied independently, constant prior —1 < C; <1
e Dots/lines denote global mode/95 % interval

No correlation Best guess
1 1
_— _
o I e co —
¢q —— Linear —_— $q —— |
- Quadratic : :
. -~ Linear + Ogfr _4'_ . _L_
—_— 4 ——
Cew . Cw] --- sSM e
| ~ Linear :
! -~ Quadratic :
—— -
A~ i ~ i : 1
Coq "iu-._ Cgq] = Linear + &ger N -
~025 -020 -015 -0.10 —-0.05 0.00 0.05 ~025 -020 -0.15 -0.10 -0.05 0.0 0.05
e . . . ~(3
= Deviations from SM in best guess scenario, especially d(>q)

= Size of 95 % intervals change
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Correlations in SMEFT fits

Comparison of correlation coefficients

® Repeat fit with different values for psys, pin

® Special interest: Deviation in C’é‘?
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Correlations in SMEFT fits

Comparison of correlation c
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Correlations in SMEFT fits

Stability of the best guess scenario

Linear

Linear+6grr

Quadratic

0.0
~(3) .0.05 1
¢ -0.05

-0.11

-0.15 1

0.0

03 06
Pth = Psys

0.9 0.0 03 06 0.9 0.0 03 06 0.9

Pth = Psys

Pth = Psys
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Correlations in SMEFT fits

Stability of the best guess scenario

Linear Linear+6grr Quadratic
R T et TR e s »
&R 0051 \
0.11 ] »
-0.151 s
0.0 03 0.6 09 0.0 03 056 0.9 0.0 03 0.6 0.9
Pth = Psys Pth = Psys Pth = Psys
500 quar
® Repeat fit varying best guess entries 400 - :
randomly (3000 times) 300 -
e Add uniformly distributed numbers in 2001
interval [—0.05, 0.05] 1001

0_
-0.20 -0.15 -0.10 -0.05 0.00
Central value (C))

® Matrix required to stay symmetric
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Correlations in SMEFT fits

Correlations in the light of future scenarios

® Consider higher integrated luminosity at future experiments
® Scale stat. unc to 300 fb—! (LHC Run 3) [CERN Yellow Rep. (2017)]

No correlation

1
@)~ SM —
%9 | -« Linear —_—
-~ Quadratic :
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o
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https://inspirehep.net/literature/1635816

Correlations in SMEFT fits

Correlations in the light of future scenarios

® Consider higher integrated luminosity at future experiments
® Scale stat. unc to 300 fb—! (LHC Run 3) [CERN Yellow Rep. (2017)]

No correlation Best guess
1 |
@)~ SM — P E R —— !
%9 | - Linear —_— a | —— I
. 1 I
-~ Quadratic 1 I
. 1 |
. -~ Linear + Ogfr —— . o
4 —— 4 ———
Cww ol Cw] —=- SM "
| -~ Linear |
| -~ Quadratic |
~ - ~ . .I
Coq "JF_ Coql1 — Linear + Oger .:-
-025 -0.20 -0.15 -0.10 —-0.05 0.00 0.05 -025 -0.20 -0.15 —-0.10 -0.05 0.00 0.05
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Correlations in SMEFT fits

—1
Current data 300 fb
No correlation No correlation
1 1
g =" SM p— gl =" SM -
¢q i ¢q i
- Linear R - Linear _T
. 1 . 1
- Quadratic 1 -~ Quadratic 1
. -~ Linear + 6gfr _"_ . -~ Linear + 6gfr _4'_
Cow | - Cow -
1 1
1 1
1 1
. -l . L
Caq _.1IL" Caq _.JIL.-
-025 -020 -0.15 -0.10 -005 0.0 0.05 -025 -020 -0.15 -0.10 -005 0.0 0.05
Best guess Best guess
1 1
el J——— ! el — !
éq _— | ¢q —_— |
1 1
1 1
1 1
- —— - e
4 —— 4 ——
Cw| -=- SM ——— Cw] --- sM |——
-~ Linear | -~ Linear |
- Quadratic | - Quadratic |
~ . - ~ . -
Cqq] = Linear + Oger |- Cqq] = Linear + bger -
el |
-0.25 -020 -015 -010 -0.05 0.0 0.05 -0.25 -020 -015 -010 -0.05 0.0 0.05
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Conclusion

Quantitative study of correlations within SMEFT framework

Overall EFT uncertainty can not cover missing higher orders in A=2

Differences in the two benchmark scenarios 'No Corr." and 'Best guess':
» No Corr.: Agreement with SM within 95 % intervals

» Best guess: Large deviations up to 4.5 o for 04(5?1) C'qq

e (Constraints show continuous and consistent behavior for rising values of p;

Stronger correlations = Larger deviations from SM

Significant deviation ~ 9 ¢ for CN'S’

q) at 300 fb~! projection

Suggest to perform global fits with different correlation assumptions

® \We encourage studies similar to recent ATLAS and CMS analysis [aTLas, cums coll. (2019)]

"Correlations matter, in the future even more’
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Conclusion

Quantitative study of correlations within SMEFT framework

Overall EFT uncertainty can not cover missing higher orders in A=2

Differences in the two benchmark scenarios 'No Corr." and 'Best guess':
» No Corr.: Agreement with SM within 95 % intervals
» Best guess: Large deviations up to 4.5 o for 04(5?1) Coq

e (Constraints show continuous and consistent behavior for rising values of p;

® Stronger correlations = Larger deviations from SM
e Significant deviation ~ 9 ¢ for CN'S;) at 300 fb~! projection
® Suggest to perform global fits with different correlation assumptions

® \We encourage studies similar to recent ATLAS and CMS analysis [aTLas, cums coll. (2019)]

"Correlations matter, in the future even more’

Thank you!
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Extra slides
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Measurements included

Process Vs Luminosity Experiment Observable
4.59fb~! ATLAS(cousy o (tq), o(tq), do(tq)/dpr, do(tq)/dpr
Singletop  7TeV  1.17fb~'(p) CMS (o1 o(tq +1tq)
1.56 fb_l(e) CMS [(2012)] o(tq+tq)
) 20.2fb~ T ATLAS (o) o(tq), o(tq), do(tq)/dpr, do(tq)/dpr
Single top 8 TeV 19.7fb ! CMS (2014}, [(2014)] a((tq)), 0((fq)), a(qu l/fq), da/fﬂy)(é/m
3.2fb7 1 ATLAS 2010) a(tq), o(tq)
Single top 13 TeV 2.2fb 1 CMSj2016) o(tq), o(tq), o(tq+tq)
23fb! CMS(2016)) do/d|y(t/?)]
2.7fb T CDF 2010y F
Top decay 1.96 TeV 8.7fb ! CDFjeo13) Fy
5.4fb~! DOj(2012)) Fy
1.04fb " ATLAS2012) Fy, Fp,
Top decay  7TeV 5.0fb! CMSo13) Fo, Fy,
20.2fb~ T ATLAS 017 Iy
Top decay  8TeV 20.2fb ! ATLAS 2019 Fy, Fr,
19.7fb " CMSico1s) Fy, Fy,
Top decay 13 TeV 190.8fb ! CMS(2016)) Fy, Fp,
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https://arxiv.org/abs/1609.03920
https://arxiv.org/abs/1610.00678
https://cds.cern.ch/record/2151074?ln=de
https://arxiv.org/abs/1003.0224
https://arxiv.org/abs/1211.4523
https://arxiv.org/abs/1011.6549
https://arxiv.org/abs/1205.2484
https://arxiv.org/abs/1308.3879
https://arxiv.org/abs/1709.04207
https://arxiv.org/abs/1612.02577
https://arxiv.org/abs/1410.1154
https://arxiv.org/abs/1605.09047

Correlations at future experiments

Best guess

0.00 -

~(3) —0.05 1 -
C¢q

-0.10{ — -

—0.15 4 -

-0.2 0.0 0.2
Pz

® Replace every '0’ in correlation matrices by p.
® Vary between -0.3 and 0.3
® Changes ~ few percent
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Correlations at future experimen

Linear
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