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Why the Top-Sector?

* Couples the strongest to the Higgs — Top-sector influences Higgs-sector and vice-versa
— part of EW symmetry breaking?

e Many BSM models modify the Top-sector: Light Top partners in SUSY/Composite Higgs,
etc.

e The LHC is a Top-factory — wealth of data to be explored.






Why now?

e EXxisting top-fits:
e TopFitter collaboration: 1512.03360, 1612.02294, 1901.03164
e SMEFIT collaboration: 1901.05965



Why now?

e EXxisting top-fits:
e TopFitter collaboration: 1512.03360, 1612.02294, 1901.03164
e SMEFIT collaboration: 1901.05965

 What we can do:
e Including ATLAS and CMS 13 TeV differential measurements
e Studying the impact of NLO predictions
e Detailed study of degeneracies
* More honest treatment of theoretical uncertainties
e Systematic study of the impact of uncertainties
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e All relevant (including at least one Top) operators up to d=6

e Assumptions:

U(2)uxU(2)axU(2)q flavour symmetry
Light quarks considered massless (Yukawa=0)

Diagonal CKM
CP conserving

Warsaw-basis operators or linear combinations thereof

Total of 22 operators considered



The Operators

parameter tt singlet  tW tZ t decay ttZ ttW
Cclgs A2 - - _ - A2 A2
Corn A2 A4 A2] - A4[AT?] A4 A2 A2 A2
cs,, A2 - - - - A2 -
Ca ATHAT - - - - ATTAT) AT [AY
Corn A4 [A2 A2 - A2 A2 A A?] A4 [ATY
cl, L A4 [A2 - - - - A4 (A2 -
C3r Cy A2 - - - - A2 -

cP A2 - - - - A2 A2
Chu Chy | A4 A - - - - A4 [A72] -

c A4 [A2] - - - - A= [A2] A4 A2
Coq . . - A~ - A2 -
Cg - A=2 A2 A2 A2 A2 -
o - - - A2 - A2 -
Cptb - A4 A4 A4 A4 _ N
Ciz - - - A2 - A2 -
Cow - A2 A2 A2 A2 - -
Cow — A4 A4 A4 A4 ~ -
Cic: A2 A2] A2 - [A—2] A2 A2




The Operators

e Four-fermion vs. Two-fermion

parameter tt singlet  tW tZ t decay ttZ ttW
ol A~ - - - - A2 A2
Corn A2 A4 A2] - A4[AT?] A4 A2 A2 A2
cs,, A2 - - - - A2 -
Coa A4 [A2 - - - - A4 [A2] A4 A2
Corn § A4 [A2 A2 - A2 A2 A A?] A4 [ATY
cl, ol A4 [A2 - - - - A4 [A2 -
C3,, CS, A2 - - - - A2 -
o A2 - - - - A2 A2
Clur Chad | A4 A - - - - A4 [A72] -
WCl S | Aty - - - ATTAY AT A
. B N N A2 N A2 N
Cg - A=2 A2 A2 A2 A2 -
o - - - A2 - A2 -
Cptb - A4 A4 A4 A4 _ N
Ciz - - - A2 - A2 -
Ciw - A=2 A2 A2 A2 - -
Cow - A4 At A A - -
A2 [A72] A2 - [A~2] A2 A2




The Operators

e Four-fermion vs. Two-fermion

e Gauge structure or Up vs. Down

parameter tt singlet  tW tZ t decay ttZ ttW
A2 B B B B A2 A2
A2 A4 A2 - A4 A2 A4 A2 A2 A2
CEes, A2 - - - - A2 -
Co, A4 [A? - - : - A~ AT AT A
Corn A4 [A2 A2 - A2 A2 A~ [A2] A4 A2
cl, ol A4 A2 - - - - A= [A2 -
C8, Co, A2 - - - - A2 -
cy A2 - - - - A2 A2
ChyChy | A4 A - - - - A4 A2 -
Ciy A A7 - - - - ATH[AT?] AT AT
Cyo ~ — — A2 — A2 -
C3y - A2 A2 A2 A2 A2 -
Cpt - = -~ A2 . A2 ~
Cotb -~ A4 A4 A4 A4 ~ N
Ciz - - - A2 - A2 -
Ciw —~ A2 A2 A2 A2 _ N
Cow ~ A4 A4 A4 A4 _ -
Cica A2 A2 A2 - [A~2] A2 A2




The Operators

e Four-fermion vs. Two-fermion
e Gauge structure or Up vs. Down

e Chirality of the top

parameter tt singlet  tW tZ t decay ttZ ttW
A2 - - - B A2 A2
A—2 A4 A2] - AY[AT2 A4 (A2 A2 A2
A2 — - — — A2 —
A4 A2 - N - B A=Y [A72] A~ A2
A4 [A2 A2 B A2 A2 A4 [A72] At [A2
A4 A2 _ _ _ _ A4 A2 -
A2 -~ - —~ - A2 -
A2 N N N N A2 A2
A4 A2 - - - - A4 [A2] -
AT © o ATA A A
. . _ A2 . A2 _
N A2 A2 A2 A2 A2 N
_ _ _ A2 _ A2 _
- A4 A4 A4 A4 N N
. ~ . A2 — A2 -
- A2 A2 A2 A2 - -
- A4 A4 A4 A4 - B
A2 [A2] A2 — [A—2] A2 A2




The Operators

e Four-fermion vs. Two-fermion
e Gauge structure or Up vs. Down

e Chirality of the top

parameter tt single t  tW tZ t decay ttZ ttW
Céj;; A2 - ~ ~ - A2 A2
Corn A2 A4 A2 — A4 [A7?2] A4 A7 A2 A2
cs, CS A2 - - - - A2 -
Coa A4 [A2 - - - - A= [A72] A4 A2
Corn A4 [A2 A2 - A2 A2 A~ [A2] A4 A2
cL, oL A4 A2 - - - - A= [A2 -
C3 Cy A2 - - - - A2 -

cy A2 - - - - A2 A2
Chy:Chy | A1 A2 - - - - A4 [A2] -

Ciq A AT - - - - ATHATE] AT AT
Co - - - A2 - A2 -
C3y - A2 A2 A2 A2 A2 -
Cyt - - - A2 - A2 -
Cotb - A4 A4 A4 A4 - -
Ciz - - - A2 - A2 -
Cw - A2 A2 A2 A2 _ N
Cow — A4 A4 A4 A4 _ -
Cic: A2 A72] A2 - [A2] A2 A2
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Event Kinematics

Or Rates vs. Talls

Oi = Co (30" THuz)9G1, O3, = Cp, (usy" T ug) (0, T ;)
-
O
0000009939 O 000000990
>> E
t \ a/ t




Event Kinematics
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Event Kinematics
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Event Kinematics

Or Rates vs. Tails Oscz = Cr(T30" Tus) pG2,

1 do N o s (M)
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Event Kinematics

Or Rates vs. Talils 0w = Crc (@0 Tu3) 3G, 08, = OB (a3y" T us) (v, T )
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Up vs. Down

And Gauge Structure O0g, = Cg, (@' T6) @ %) 05, = Co, (@ T 7" 43) (@, T4 7" 4:)

fa(z)fa(s/xS)

r(z)
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Up vs. Down

And Gauge Structure O0g, = Cg, (@' T6) @ %) 05, = Co, (@ T 7" 43) (@, T4 7" 4:)

Valence quark maximum
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Up vs. Down

And Gauge Structure O0g, = Cg, (@' T6) @ %) 05, = Co, (@ T 7" 43) (@, T4 7" 4:)

Valence quark maximum

SM NP | 1,8 38
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Up vs. Down
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Up vs. Down
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Up vs. Down

And Gauge Structure O0g, = Cg, (@' T6) @ %) 05, = Co, (@ T 7" 43) (@, T4 7" 4:)
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Chiral ity (O}, = O T us) (@ T a:) > O = OB (@ T 4s) (@, T4 4.

Q4 TQa

Or Left vs. Right e

Right handed Top Left handed Top
in final state in final state



Chiral |ty Oty = Cly (37" T s ) (67, T" ¢:) gy = Ci4 (@57 T 45) (@7 T 01
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Chirality

Or Left vs. Right
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Quadratic Terms
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Quadratic Terms
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Quadratic Terms
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Single Top

Some aspects

C¢tb (T@V/A)2

* Constrained by * Both contribute * One linear and
Independent quadratically one quadratic
measurements contribution
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Run II, ATLAS+CMS, 68% and 95% C.L.

Global fit
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New Directions

Ag(8;) =

AE = E, — E;

AlylAE

Order NLO LO

Process tt tt]

Resolve new directions in parameter space!

14

New Observables (e.g. Energy asymmetry)

AR

—r
Bl 68% CL |
95% CL |

L 4

Basan, Berta, Masetti, Vryonidou, Westh_oﬂf: 2001.07225
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Conclusion

 Now is the time for Top-BSM

 Resolve degeneracies with different measurements

* [heorists can achieve allot by lowering the uncertainties
o Still opportunities for new observables

* |nteresting playground for connecting high- and low-energy physics
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Processes Examples

4 heavy fermions

The Operators

2 heavy - 2 light fermions
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OtG = Re{C’fé’) } (30" TAu3)$G2,
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single ¢ production
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Event Kinematics
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NLO Effects for chirality
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