Constraints From Global Fits

A. Onofre

University of Minho, School of Sciences, Portugal

3 Sl @ crumup

BSM Models in Vector Boson Scattering Processes
Lisbon, 2019, Dec 4!-5!"

aaaaaaaaaaaa o ”,
repgBLCA  COMPETE T B o POCH q
? PORTUGUESA 2020 2020 ) N
Antonio Onofre Constraints From Global Fits




The Outline

e Constraints from Global Fits of Data
5 Improvements from Machine/Experiments
1 Improvements from Theory

o Global Fits @ the HL-LHC
e fitting several observables @ high lumi

e Conclusions
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Constraints from Global Fits

=z The High Luminosity Phase of the LHC (HL-LHC Schedule)
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@ pp collisions @ 14 TeV, L=5-7.5x10%*cm—2s~
@ integrated luminosity: 3000 to 4000 fo~
@ pile-up: 140 — 200 / bunch crossing
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Constraints from Global Fits

[Improvements from Machine/Experiments]

iz Projections @ HL-LHC based on:

@ Full simulation of reconstructed objects
@ Extrapolations of existing results (scale factors applied)

@ Parametrizations of detector sresponses (particle-leve
objects reconstruction i.e., resolution effects, fake rates,
etc.)
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Constraints from Global Fits

i Systematic Uncertainties @ HL-LHC:

@ No MC simulation uncertainty, in general

@ Statistical uncertainties, scale with luminosity, 1/v/L

@ Theoretical uncertainties — reduce by x2, if unavailable
@ Analysis methods uncertainties — keep the same

@ Intrinsic detector response — keep the same

@ Flavour-tag — reduce by 2 (due to improved tracker,
resolution and coverage)
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[Improvements from Theory]

ww Effective Field Theory approach (EFT):
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[Improvements from Theory]

i Effective Field Theory approach (EFT):

@ Dimension 6 Operators:
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Grzadkowski et al arxiv:1008.4884
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[Improvements from Theory]

ww Effective Field Theory approach (EFT):

@ Example of top quark operators:

3 1 = 4
0% = izt (¢ Dle) (@7Q)
1 . 2 A
()L()g = 15!/} (*F”B/t*r’) (Q'?l Q)

1o/ 46 N
()¢f = 15.1/12 (‘r’;f D/ﬁr’)) (t’\y'l t)
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Owp = yt!/)'(Q”Wf);’B/w
Oz = yrgs(QU“"TAf)f’G}?u-
O =yt (¢'0) (Q1) &

+ Four-Fermion Operators
+ non-top operators (mixing)
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from Global Fits
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[Improvements from Theory]

> Jowards a Global SMEFT Fit: Results

SMEFIT analysis of LHC top quark data

e SMEFIT global (marginalised)
m SMEFIT individual
BN LHCtopWG EFT note

95% Confidence Level Bounds (1/TeV?)
5

O L OFE T T OISR IPRYO ORI P DO L DD
SRS YRS R RS 2 TSN PRSI IR RS S P P DL PR XKL S &
o&x&xé,&»&&&&&&&»%&o‘c)o&o()@cz&o&oo&o@&ocﬁoo\o TP

@ Maltoni et al., arXiv:1901.05965 [LHCTopWG EFT note, arXiv:1802.07237]
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Extrapolation test, from 13 to 14 TeV:

e Constraints from Global Fits of Data
ir @ HL-LHC
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Global Fits of Data

Several processes under study to

probe the Wib vertex': o
@ Top quark pair production (tt) < .
(i) semileptonic channel f o 4

(ii) dileptonic decays TN\,
@ single top quark physics
() t-channel (single lepton)
(i) Wt-channel (dileptonic decay’
@ EFT/anomalous couplings
studied associated
to the Wib vertex

1JHEP1206(2012)088, EPJC77(2017)264, JHEP04(2017)124, JHEP04(2016)023, JHEP12(2017)017,
PLB717(2012)330, PRD90(2014)112006, PLB716(2012)142, PLB756(2016)228, EPJC77(2017)531,
JHEP01(2016)064, JHEP04(2017)086, JHEP01(2018)63, EPJC78(2018)186
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Top quark pair production (1)

= Observable(s angular distribution(s) cos 67 [Fo, F1, FR]

f Vo w0 v
= o
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t ——— W ——) Arp
. . .

@ NNLO QCD calculation, PRD81(2010)111503
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Top quark pair production (1)

Summary of W-boson helicity meas. @ LHC @

19.8 fb! (8TeV)
N EoemARRERESS:

ATLAS+CMS Preliminary November 2017
LHClopWG

Theory (NNLO QCD;
L AN Fr
—e-#— Data (F /F /F)
ATLAS 2010 smgle lepton, \s=7 TeV, L =35 pb™ H—e—
ATLAS-CONF-2011-037
ATLAS 2011 single lepton and dilepton, Vs=7 TeV, L =104 ! HH
JHEP 1206 (2012) 088
CMS 2011 single lepton, {s=7 TeV, L _ =221 1x [
CMS PAS-TOP-11-020
LHC combination, f5=7 TeV e
LHCIOpWG
ATLAS CONF-2013-033, CMS-PAS-TOP-12-025
ATLAS 2012 single lepton, Ys=8 TeV, L -20 2fb? H
EPIC 77 (2017) 264
CMS 2011 single lepton, Ys=7 TeV, L =5.0fb* [ ]
JHEP 10 (2013) 167
CMS 2012 single top, {s=8 TeV, L_=19.7 fo™* o
JHEP 01 (2015) 053 it
CMS 2012 slngle lepton, Ys=8 TeV, L -19 8fb? L.
PLB 762 (2016) 5
CMS 2012 dllepwn {s=8 Tev, L —19 71t L2l
CMS PASTOP-14-017

* superseded by published result
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Single top quark production

@ Processes currently under study:

q' q b w
w ¢ ZV b
b b
g b g t
t-channel (Wt-prod.)

I Observables: 2D angular distributions in t-channel production as a function of 6
spin observabels < Sy 23 >, < To >, < Ay > > [PRD 93 (2016) 011301]

\ 1) Double-differential distribution: \

q(2)
W momentum in the

top rest frame 1 dr 3 {2 1

- 0 = -4 2 g _ *
TN 13" ‘/6<T0>(3cos 0; = 1) +(S3) cos 6

+ (S1)cos@;sing; +(S2)sing; sinb;

8
spectator quark in the |
top rest frame \

% — (A1)cos¢;sin26; —(A;)sing; sin 20;} .

" charged lepton in the
| W rest frame

N (-3)

‘ 2) Agg and Agc Asymmetries: ‘

_ N(cos§ > 0) — N(cos 6 < 0) _ N(lcosd| > %)—N(lcos(il < %)
N(cos @ > 0) + N(cos 6 < 0) 7 NQcosol > D+ N(lcosd < )
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Single top quark production

@ Asymmetries with associated angular distributions [JHEP04(2017)124]:

Asymmetry Angular observable  Polarisation observable ~ SM prediction

Al cos 0, sacP 045 Al = 0.49 £ 0.03 (stat.) + 0.05 (syst.) = 0.49 = 0.06,
A cos by cos 3P+ F) . AW =010 +0.03 (stat.) + 0.05 (syst.) = 0.10 = 0.06,

3, 2,3, — —
Ar cos & #8532 =5 (Fr—Fu) 0.23 App = —0.26 + 0.02 (stat.) £ 0.07 (syst.) = —0.26 = 0.08,

3 3 e 3 ef —
Agc cos 0y 33T = - 3F0 0.20 Apc = —0.25 = 0.03 (stat.) = 0.05 (syst.) = —0.25 + 0.06,

A ool 60 034 AL = 0.39 £ 0.03 (stat.)  0.09 (syst.) = 0.39 £ 0.09
v cos s b FR .39 £ 0. EA X yst. .39+ 0.09,
T¢ " 2 _ ¥ =-0.03+0. stat.) = 0. syst.) = —0.03 £ 0.06,
AT — I o014 ANY = ~0.03 £ 0.03 (stat.) = 0.05 (syst.) = —0.03 + 0.06
A% cos 6 cos 2(4y) 0 ALY = 017 £0.05 (stat.)*$1 (syst) = ~0.177312.
L e B UL L B L B e o e T
ATLAS ATLAS Spin Measurements:
(s=8TeV, 20.2 b wet Al | | ¥5=8Tev, 20210 s 0.35 4 0.10
il AN [~ <S> <9 =0 '
. Ars —e— <> < T() >=-0.55+0.13
[Sres Acc tion <S> < S5 >=+0.06 4+ 0.05
e A —-e— <8
" =7l < 8 >=+0.52 +0.12
—h-o—1 Acy —e o <A>
. 4 SM prediction Al 4 SM prediction ‘e A> < A> >=-0.05+0.10
— Stat. uncertainty T — Stat. uncertainty 0.17
e — — Total uncertainty  Ars — Total uncertainty < Ay >=+0.27 to’ 19
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Angular asymmetry W-boson spin observable
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Single top quark production

@ Triple-differential (3D) decay rates of polarised top quarks
15" define specific coordinate system (in t centre-of-mass):

z ‘ 1) System Definition (in t-system): ‘

2=py, =PBy/|Pyyl, Pi=spectator quark mom.

y=Bx By K= x by

\ 2) Triple-differential distribution: \

1 &N 1(3 2 .
60,0",¢"P)= ——— = —{Z A (14 Peos)(1 +cosd")?
o ¢ 3 P) N d(cos 6)dx 87({4' l,§| (14 Pcos@)(1 +cosf')

2

3, P d e
+ E(|A(,.4| (1= Peos6) +ag_y[ (1 + Peose))sin® ¢

3V2 . , .
\ - iPsinﬁsinH(l+cosﬁ)Re|e’°Al|A'.l
X 2 3 %0.4
3V, e i .
- TPsmSamG (1 —cosf )Re|e A—l.—ng_,;,
12 k

DY My 60.6%.6),

k=0 1=0 m=—k

Axyy.xp = helicity amplitudes — M(6,6",¢") = V2rY}(6,0)Y"6", ")

Y
’ Results Interpreted in Terms of Anomalous Couplings (Vg, 91, 9r) ‘ I=5° next slide
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Anomalous couplings/EFT parameters in global fits

General Wtb vertex Eur. Phys J C50 (2007) 519-533

g9 - — g9 " qu =
L = ———b WPL+ WPR)t W, b PL+ grPr)t W,
ﬁ’Y(LL RPR) f My (9LPL + 9rPRr) w

vector (V&) and tensor like couplings (g1, gr) zero @ tree level in SM
I35 EFT parameters: anomalous couplings described by effective operators
Ouw,Oaw s Of[; and Og4,q i.€., constraints on anomalous couplings equivalent to
constraints on EFT parameters (a more integrating framework) [arXiv:1802.07237]

.
PRD 97 (2018) 1, 013007 (TopFit), arXiv:1811.02492 Fits
Using:
o EEFi = oo = s
L imits - 08{— 95% C. mits 5 I
[ o —= [ Standerd Model = ‘s‘
- r ]
- 06? -
04— [ o, Whey,
odl-
02— T b AFB @
E EST 7,8,13TeV

0 0z
Re(g) Re(q,)
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Conclusions

Global SMEFT Fits to Data:
1) SMEFT is a consistent way to look for BSM and test the SM (a
bit & la Fermi Physics)
2) going global has a direct impact on the Wilson coefficients
sensitivity: including more observables is mandatory

3) including NLO and O(1/A*) have an impact and can be different
operator-by-operator

4) SMEFT in the top sector, in the interface of the Higgs sector and
including EW effects, important

5) need to go global

SMEFT Fits @ HL-LHC (the real future):
1) the gains from RUN 2 to the HL-LHC exist but,

2) new data analysis strategies to improve sensitivity need to be
considered

3) Gaining less than 1 order of magnitude over a period of 20
years?
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