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Three Important Areas : to be developed

Algorithm

Analysis
In Collaboration with Exp.



Quick key points

o Bottom-Up vs Top-Down

o BSMs as Effective Theories

Observables (set of operators) as “Response Screen”
% Classifications of BSMs

Operator driven BSM construction: Reverse engineering

KX CP-violation in SMEFT



Top-Down vs Bottom-Up
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BSM Classifications SM
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Observable-Operator correspondence (D6)

EWPO-LO : {Qrp,Qaws, QSZ,, Qgé, QSL QSQ, Qe Qru, Qud, Qu}

EWPO-NLO-1: {Qup,Quw,Qno}

Higgs Signal Strength (HSS) : EWPO-LO + EWPO-NLO-1 4+ {Qw, Qur, Qaim, Qer, Qc, Qua}

EWPO-NLO-II : {Qeda Qeea Qeua Qlua Qlda Qlea Ql(;)a Ql Qqea QuB QuW QWa qu ; Qqq ; Qqq ) Qqu ) Qud ; Quu; Qdd}

Additional Operators (AdOps) : {Q o qd ,Qqu , Qéuqd, Qlequ’ Q(uqd, Qledq }

B, L violating Operators :  {Qqqq> @duu> Qqqus Qdug )
S Dawson, P P Giardino

B Grzadkowski, M Iskrzynski, M Misiak, J Rosiek arXiv:1008.4884 arXiv:1909.02000

J Ellis, C Murphy, V Sanz, T You

Laure Berthier and Michael Trott, \% . .
aure Berthier and Michael Trott, arXiv:1502.02570 arXiv:-1803.03252



BSM Classification based on Observables




A few queries:

L — ———————————

Is D6 sufficient?

Decoupling!

What are beyond D6? EFT vs Full Theory!

EFT Truncation!

How to compute beyond D6?



A Sample Toy Example: SM + Real Singlet scalar
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Impact of D8 on observables

EWPO
- HSS
~ VBS
(O}
[{(I), AT, &}J

{{(I), A,&}]




Computation of DS
operators from UV theories

| @ Tree-Level —trivial one, in presence of trilinear interaction e.g. HLL

From D6 part — Plugging in D6-EOM in D6-Effective action]

| What about D8 One-loop Effective Action?|



Heat-Kernel and Effective Action




Heat-Kernel and Effective Action
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Universal One-Loop Effective Action up to D8
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Scalar Fermion
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1. One-IOOp Effective Action up to Dlmensmn Eight: Integratlng out Heavy Scalar(s) ]
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Generahsatlon of one-loop effectlve Lagranglan




Heat-Kernel and Effective Action: Non-Degenerate Spectrum

Seff.1-loop = chTrlog(D2 + M? —I—U)

dt 2
Foft = € / /27r4t2 A 1+Z f”tA]

fan(t, A) :/0 dslfo 1 dss - ”/0 _ ds, A(s1)A(s2) - A(sn).

A(t) = eM Y (D? + 2ip- D)Vt + U)e Mt



Effective Action: Non-Deg. Mass-> Deg. Mass -> Light-Heavy Mixing

0

e

'Features: One-Loop 1PI Effective Action up to any mass dimensio
‘ P P y

A Mathematica package will be attached.

e e ————

Non-Degenerate Masses —> Light-Heavy Mixing: Just take the “Limits”

|
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1 One-lc;op Effective Action up to any IVTass-dimension for N;n-rt Scalars and Fermions including
'Light-Heavy Mixing

Upalaparna Banerjee, Joydeep Chakrabortty, Shakeel Ur Rahaman, Kaanapuli Ramkumar
| ArXiv: 2311.%***
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* Take home messages

— — A — DRSS — —— — _—

LEqIW for Scala[s

Compact formula upto D|m 8iIs prowded can be ea5|ly fedlntoCoDEx'

Can Deal with any ‘number of non- degenerate fields.
' ~ Mathematica Program is also developed.

i tion is IR-safe — Light-Heavy mixing is easi|y Co ~



