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Talk is based on:

1. Classifying Standard Model Extensions Effectively with Precision Observables

Supratim Das Bakshi, Joydeep Chakrabortty, Michael Spannowsky
arXiv:2012.03839 [hep-ph]

2. CoDEXx: Wilson coefficient calculator connecting SMEFT to UV theory
Supratim Das Bakshi, Joydeep Chakrabortty, Sunando Kumar Patra
arXiv:1808.04403 [hep-ph].

Eur.Phys.J. C79 (2019) no.1, 21.

3. A Step Toward Model Comparison: Connecting Electroweak-Scale Observables

to BSM through EFT and Bayesian Statistics
Anisha, Supratim Das Bakshi, Joydeep Chakrabortty, Sunando Kumar Patra
arXiv:2010.04088 [hep-ph]



Points to note...

o Bottom-Up vs Top-Down
% BSMs as Effective Theories
s Observables (set of operators) as “Response Screen”
% Classifications of BSMs
o Future directions: Relying on the presence of new particle(s)

o Operator driven BSM construction: Reverse engineering
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Bottom-Up approach: SMEFT

Knowledge of exact nature of new physics is not required

Wilson coefficients are free parameters: origin-less

|Effective operators|

|Effective operators|

SM SM
SM

SM SM

SMEFT

Low Energy
Theory



Top-Down approach: SMEFT

% The Wilson coefficients known in terms of BSM parameters

oo The UV complete Lagrangian must be known

- -+ pure NP processes
UV theory L *
BSM
+

CODEX

|Effective operators|
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CoDEx : Wilson coefficient calculator

Complete 1-loop Wilson coefficients within seconds !
Manually matching BSMs to SMEFT is involved.
Package for automization is much needed.

coO

Tree processes

1-loop processes

CoDEXx: Wilson coefficient calculator connecting SMEFT to UV theory
Supratim Das Bakshi, JC, S K Patra

Eur.Phys.J.C 79 (2019) 1, 21 - e-Print: 1808.04403 Wilson coefficient
calculation
CoDEX
RG running of Low scale
Wilson coefficients Wilson coefficients

https://effexteam.qgithub.io/CoDEX/



https://effexteam.github.io/CoDEx/
https://arxiv.org/abs/1808.04403

Renormalizable Lagrangians of UV Theories

“CoDEx” ]

Integratlng Out heavy degrees of freedom (¢{")
(and / or)
Symmetry Breaking (6" — G)

CoDEXx: Wilson coefficient calculator connecting SMEFT to UV theory
Supratim Das Bakshi, Joydeep Chakrabortty, Sunando Kumar Patra

Eur.Phys.J.C 79 (2019) 1, 21 ; e-Print: 1808.04403 [hep-ph]

Available at: hitps://effexteam.qgithub.io/CoDEX/

With “CoDEX’ and “GrIP” in arsenal one can
use effective field theory to connect UV and IR

theories very easily and of course automatically.

SMEFT-basis

GrIP

Characters and Group Invariant Polynomials of (Super)fields: Road to
"Lagrangian”
Upalaparna Banerjee, Joydeep Chakrabortty, Suraj Prakash, Shakeel Ur Rahaman

Accepted in Eur. Phys. J. C ; e-print: 2004.12830[hep-ph]

Available at: https://teamgrip.qgithub.io/GrlP/
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https://effexteam.github.io/CoDEx/
https://teamgrip.github.io/GrIP/

Observable-Operator correspondance

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 volating Operators (BLV) : {Qqqq, Qduu, Qqqu, Qduq }

S Dawson, P P Giardino
arXiv:1909.02000

B Grzadkowski, M Iskrzynski, M Misiak, J Rosiek J Ellis, C Murphy, V Sanz, T You

arXiv:1008.4884 arXiv:1803.03252



BSM Classifications SM
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Heavy Scalars
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Unfurling the Effective Vertex

SM SM
>—< T — Tree-level effective operators
v
7 sm SM
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HH — Only heavy field propagator in the loop

HL —

Both heavy and light field propagators
in the loop



_ Higgs signal strengths ﬂ
« EWPO-LO »

1 2 3 4 D 6 7 8 9 10 11 12 13 14 | 15 16 17 13 19

Heavy | GUz21 | Qup | Qu | Quu | QHa | QHe Qg; e QSZI Quwsp || Quo | Que | Quw || Qu | Q¢ | Que | Qe | Qui | Qan
BSM

fields

S (1,,0) | HL | X | x | X | x | x | x | x | X HL T | HL | HL || T | ¥ | X | HL | HL | HL
Sy (1,1,2) | HH |HH| HH | HH | HH | HH | HH | X | X X HH | HH | X ||HH| x | X X | X | X
A (1,3,0) T |HH| x | X | X | X | X |HH | HH | HL T |HL | HH | T | x | X | T | T | T
M, |(1,2-1)| HH |HH| HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | T | x | x | T | T | T
Ay | (1,3,1) T | T |HH | HH | HH | HH | HH | HH | HH | HH T | HH | HH | T | X | X | T | T | T
3 (1,4,) | HH |HH | HH | HH | HH | HH | HH | HH | HH | HH || HH | HH | HH |HH| x | X | HH | HH | HH
o1 (3,1,—3)| HH |HH| HH | HH | HH | HH | HH | X | X X HH | HH | Xx || HH|HH | HH
po (3,1,—2)| HH |HH | HH | HH | HH | HH | HH | X | X X HH | HH | X || HH|HH | HH
© |(32)) | HH |HH| HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH |HH |HH | HH | HH | HH | HH
® |(32I) | HH |HH| HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH |HH |HH | HH | HH | HH | HH
0 (33-%) | HH |HH | HH | HH | HH | HH | HH | HH | HH | HH || HH | HH | HH | HH |HH | HH | HH | HH | HH

(

(

(

(

X, 6,3,) | HH |HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH || HH |HH | HH | HH | HH | HH
X, 6,1, | HH |HH| HH | HH | HH | HH | HH | X | X X HH | HH | X | HH |HH| HH | X X

X 6,1-2) | HH |HH | HH | HH | HH | HH | HH | X | X X HH | HH | X || HH |HH | HH

X, 6,1,) | HH |HH| HH | HH | HH | HH | HH | X | X X HH | HH | X | HH | HH | HH




Class-1:{H2, A1, %,01,02,8, x, } Class-A:{S, A, Ho, A1,X,01,02,Q, X, }
Class—H:{Sz, ¢17 ¢27 X2 X3 X4} ﬁ_aSS—B:{Sm ¢17 ¢27 X2 X3 X4}
Class-III:{ A}

Class-IV:{S}

@

(A) EWPO-LO (B) EWPO-NLO-I

01,09, (2, X1 Class-a

P15 P25 Xas X33 X4




AdOps

BLV

20 21 22 | 23 24 20 20 27 28 | 29 | 30 | 31 | 32 33 34 30 30 37 38 39 40 41 42 43 44 45 46 47
Heory i | Qi | Quu | Qur | QL | Q| Qe | Qe | Qe | Que | Quu | Qua | Que | QI | QL1 Q) | Qi | QU | QU | Q5 | QLo | @l | Qo | Qe | Quaa | Qe | Quon | Qutg
fields
S X X X X X X X X X X X X X X X X X X X X X X X X X X X X
So HH X HH (HH| HH | HH | T | HH | HH | HH | HH | HH | HH | HH X X X X X X X X X X X X X X
A X HH X X X X X X X X X X X X X HH | X X X X X X X X X X X X
Ho HH HH | HH {HH | HH | HH | HH | HH HH | T |HH | HH HH | T T HH | HH X X X T T X T X X X X
Ay HH  HH | HH |HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH X X X X X X X X X X X
> HH  HH | HH {HH | HH | HH | HH | HH 1 HH |HH | HH | HH | HH | HH | HH | HH | HH X X X X X X X X X X X
01 HH  HH | HH |HH | HH | HH { HH| T | HH |HH | HH | HH | HH | HH | HH T X HH | HH | HH X X X X T T T T
9 HH HH | HH {HH| HH | HH | HH | HH | T |HH | HH | HH | HH | HH | HH | HH X HH | HH | HH X X X X X T X X
©4 HH  HH | HH |HH| HH | HH | HH | HH HH HH | HH | T |HH | HH | HH | HH | HH | HH | HH | HH X X X X X X X X
O, HH | HH | HH |HH| HH | HH | HH | HH HH (HH| T |HH| T | HH | HH | HH | HH | HH | HH | HH X X X X X X X X
Y/ HH | HH | HH | HH | HH T |HH | HH | HH {HH | HH | HH | HH | HH | HH T HH | HH | HH | HH X X X X T X X X
X, T T HH (HH| HH | HH |HH | HH | HH \HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH X X X X X X X X
X, HH | HH T HH| HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH X X HH | HH | HH X X X X X X X X
X HH HH | HH | T | HH | HH | HH | HH 1 HH | HH | HH | HH | HH | HH | HH X X HH | HH | HH X X X X X X X X
X, T T HH HH| T HH  HH |  HH | HH | HH | HH | HH | HH | HH | HH X X T HH | HH T X T X X X X X




BSM Classification based on Observables

{ Class-I )

Class-II

Class-lll

Class-IV

Class-X

Class-Y

Class-Z

Class-S

Class-T

Class-U
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{CIass-H1 ]

CIass-H2]

{CIass-H3]

Class-H4

Class-H5

Class-H6

Class-J1

Class-J2

Class-J3

Class-J4




BSM Classification based on Observables




Tag match: {BSMj}vs Bottom-Up
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l SM + #> (1 ,2,-1/2]
BN SM+X (1,4,1/2)
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Anisha, S D Bakshi, JC, S K Patra
arXiv:2010.04088
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New particle and BSMEFT
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% SM extended by multiple heavy fields

Renormalizable Lagrangians of UV Theories

% Integrate-out heavy field according to spectrum hierarchy: CoDEx

% BSMEFT for desired symmetry and particle content: GrIP

\ \

Integrating Out heavy degrees of freedom (cI>§.“)

“CoDEx-2

Symrﬁnirt]?y/Borre)aking (G =)
wbass
GrIP

U Banerjee, JC, S Prakash, S U Rahaman, M Spannowsky
18 arXiv:2008.11512




U Banerjee, JC, S Prakash, S U Rahaman, M Spannowsky
Renormalizable Lagrangians of UV Theories arXIV:ZOOS- 1 1 51 2

---------------------------

’ ) :
\ \“CoDEXx-V2" ] L SU4) @ 5U(2) @ SU(2)
Integrating Out heavy degrees of freedom (cI>§?')) *
(and / or) yrmmmmmmmmmmmm e el
Symmetry Breaking (6 — G) ' Left-Right Symmetric Model

SU(3) ® SU(2) ® SU(2) @ U(1)

------------------------------

ﬁ
@ Vector-like leptons

BSMEFT -basis f—
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N/

*  Operator driven Heavy Fields
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: . . Operators &
Effective Lorentz invariant Single heavy field extensions Heavy fields

Operator structures of the SM representations
SUB)c® SU2), ® U(1)y

O 127 1,1,0],

Qee [{1.R:}, {LR,}. Y] o




Backup slides



EWPO:

Higgs
signal-strength
data:

M 9F29 Gi?adaRO,AO,l Al,Sinzgl AC’AbaAO,C AO,b

FB”’ eff ’ FB’ "FB’

0 RO
R.,R,

1803.01854

Higgs signal strengths

References with arXiv #

7 and 8 TeV
Run-I data

Combined ATLAS & CMS measurements

Table &8 of 1606.02266

Combined ATLAS & CMS measurement of uﬁﬁ

Table 13 of 1606.02266

ATLAS measurement of i/,

Figure 1 of 1507.04548

H— ZZ* at 139 fb—!

Table 8 of 2004.03447

Measurement of pi5) at 139 fb—? 2005.05382
Measurement of pbhh at 139 fb1 2007.07830
13 TeV ATLAS VH — H — bb at 139 fb—! 2008.02508
Run-11 data Measurements for Higgs production through Figure 5 of 1909.02845
gluon and vector boson fusions at 80 fb~! |Correlations in Figure 6
Associated production of Higgs with ¢t 1712.08891, 1806.00425
VH - H— WW* at 36.1 fb—! 1903.10052
13 TeV CMS Signal strengths data up to 35.9 fb~1 table 3 of 180910733
|Correlations in auxiliary material]
Run-II data Measurements of %, and ug g 1912.01662




Anisha, S D Bakshi, JC, S K Patra
SMEFT operators 59 O 18 (EWPO + Higgs Signal) arXiv:2010.04088

"y > More observables to break
Hy r===- the degeneracy
// A1 A
/
Operators
constrained by
the EWPO and
the Higgs data ,’
o) BSM
----4 9 .
' 22 scenarios,
Q[({ll) QI('I:SZ) Qll QHD QHW QHWB Q \\
o o (Ol @ Gl
One 9w Qha Qi Our| Oun
Operators ‘
generated upto /
one-loop in the |
eleven BSM
scenarios | ( S )
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