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BSMs to SMEKF'T

N/
0‘0

The Standard Model is the most accurate description of the sub-atomic physics (known to us yet),
but it’s not complete.

Existence of new physics is supported by phenomena like neutrino oscillation,
dark matter, baryon asymmetry, ...

Numerous BSM scenarios account for these phenomenon: e.g. seesaw models (new particle/field),
Left-Right symmetry models (particle ext. + enlarged gauge symm.), ...

Standard Model EFT provides a platform to compare among these models, using simultaneously
Top-down & Bottom-up approach.

CoDEXx is a mathematica package that automatises the matching procedure, i.e. to create the SMEFT
for each BSM.



Matching

oo Input — BSM Lagrangian, Output — Wilson coefficients

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

|Effective operators| \ |

3 |Effective operators|




- . Define Heav Load Define
CoDEXx: Wilson coefficient calculator . Y . Symmetry
Fields Lagrangian Generators
connecting SMEFT to UV theory

https://effexteam.qgithub.io/CoDEXx/

Construction of:

v , Y
Tree-level |/ 1-loop
. : . effective effective
%  Tree-level effective lagrangian Lagrangian Lagrangian

<%  1-Loop-level effective lagrangian

->{ Find Wilson Coefficients |«

&  Coefficients bases: Warsaw and SILH
(SMEFT Dim-6)

RG Flow

*  Operator identity implementations
.
*  RG Flow in Warsaw

Output (At NP Scale) Output (At EW Scale)



https://effexteam.github.io/CoDEx/

Integrating out a heavy field at tree-level

q) — Heavy field ¢ — Light field

(¢ % @)int =B(¢) * @ + U(¢) * 2 + O(®")



Integrating out a heavy field at tree-level

q) — Heavy field ¢ — Light field
(¢ % ®)ine =B(¢) * @ + U(9) * & + O(2)
0 0 .
D, 9(D.) L(p, D) :a—q)[,(gb, D) Euler - Lagrange equation
L
Example - Scalar (real) heavy field
, , , 0 1 |
(D*4+m* —U(¢))® = B(¢) + O(P*) = ¢, = DZ - m2 — U(¢)B(¢) Leading order
s L ip2_ b
~ = B(6) — —(D* — U(6)— B(9)
Substitution:
B(6)* 8 = B(¢)—3B(8) — —5B(6)(D* ~ U(6))—5B(¢) | Deperdentonly
© m2 m2 m?2 } on light fields



Integrating out a heavy field at tree-level

q) — Heavy field ¢ — Light field
(¢ % @)int =B(¢) * © +U(¢) x 2° + O(2")
D,—Y  r6.a) =2 r(6 0 Euler - L -
L a(DM(I)) : —aq) ‘ uler - Lagrange equation

A : cut-off scale

1 (5) () , 1 (6) (6)
LsmerT = LsM - Ach O;" 1 2263' 0" + ... o -
j ] ¢, Wilson coefficients

Oj(”) : Operators of mass dimension 'n’



SM + Real singlet heavy scalar ©

(DO —> Colorsinglet, isospin singlet & hypercharge = 0

r H : SM Higgs
1 1 1 1 1
Lo = Lgy + 5(@cb)? — §m§)inﬂ2c@] §H|H‘2CI)2 aucb?’ — ZA@cb‘l
: N\
Term linear in Term quadratic
heavy field in heavy field
Solution
(I)C _ (I)((:()) 4 (I)((:l) 4 (I)((:Q) 4 Substitution Ecp(q),H) . E@((I)C,H)
1
0) — 2
b D? + mgb + /<;|H‘2( 77|H‘ ) SMEFT Basis: Warsaw (arxiv:1008.4884)
) = (@) - 2@y Qu | (H'HY oy 1
c D2 _I_mgb 4 ’%lH‘Q 9 C c 2myg, 6mg,
1 Ao Quo | (HTH)O(HTH) -
H(2) — HON(pD) H(0)2p() H 97,4
c D2—|—m%{)—|—li|H‘2( :u( c )( c ) 9 ( c C ) s

Truncate for dimension-6 EFT!

More on this: 1811.08878, 2003.05936



SM + Heavy Scalar Doublet @ @ —— Color singlet, isospin doublet & hypercharge —%

A - ~ ~ H: SM Hi
Losm =Lsm + Dy ol” — my Jol” = el + (nu[HI” + nolol) (H'o + T H) iggs
o | <~ ML = Xl s [0 + (0 Y i — oo
Term linear in Couplings with
1 1 1 heavy field fermions suppressed
W'~ —B—-—(D*-U)—B
m m m
Lpsym(H, ) = Lpsmerf(H,@c)
~ o Effective operator
2 2 P
ogt L mmlHPH g
Term linear in Heavy field : nu|HI?H'e — nu|HI?H' x 2 -2 HI|”; of mass
dimension = 6
m=m, Wilson

coefficients



Feynman Diagrams i
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Feynman Diagrams AT AT
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Wilson Coefticients generated from 1 loop process

Action

05(¢, @)
5P

2 525(¢p. B
=3, -+ 772 5%?2 )\cbzcbc + O’

Slo,c+n] = S|, @] + 7

O =0, +7

Derivative expansion refs:

10



Action

Wilson Coefticients generated from 1 loop process

loop
tree 0 diagrams
diagrams e

2 525( 5. &
LR S 256D+ O

Euler-Lagrange

equation b — (I)C | 7

Derivative expansion refs:

10



Wilson Coefticients generated from 1 loop process

Action t di;O(:EI;ms
N ree O g
lagrams (e
~—
5S( n2 525 (¢, ®
So.0ctn] = Slow] n/}@ locs, + s leme, + O)

Euler-Lagrange
equation

Summing over all configurations :

e’iSeff[qb] _ /D(I) eiS[gb,CI)]

=4 Seff[qba (I)c] — S[gbv (I)c] =+

l 0°5(¢, @)
§Trlog<— 5 D2 |<I><I>c> }

Seff 1-1oop = ¢ € 1T log (D2 +m? + U)

|

||

Numerical factor
dependent on
heavy field property

Covariant Derivative, mass and
quadratic terms in the
Lagrangian for the heavy field

10

O =, 47

Dependent only
on light fields

Derivative expansion refs:

Gaillard M.K. Nucl.Phys. B268 (1986) 669-692
Cheyette O. Nucl. Phys. B 297 (1988) 183



1-loop processes in EFT : Truncation

Where to truncate :  |n the expansion, succeeding terms are higher in mass dimension

D, :mass dimension — 1

Henning et. al. JHEPO1(2016)023

U :massdimension — 1 or 2 Drozd et. al. JHEPO3(2016)180

m : mass dimension — 1 Fuentes-Martin et. al. JHEP 09 (2016) 156
del Aguila et. al. Eur.Phys.J.C 76 (2016) 5, 244

For example: Effective operators upto mass dimension-six only: Kramer et. al. JHEP O1 (2020) 079

(dim —6) o c 5 | 0 o[ 1 . 112 - 11 102 -
El—loop [Qb, (I)C] _(47'(')2 tr ¢ m 1+ 0g U+m E + Ogm NV+§ Ogm

m2
1| 1 > 1 1 , 1.
+— | =65 Pel)” = 55 CuvGroGop — 35 (PU) = 2 U
Eff. action : DR + MS-bar R R R 2 b2 1 s
I _ o o P _
SUGLGl |+ —5 | 57 U+ 5 U(BU) + oo (PPU) + o (U266, )
u is the matching scale, ' ' : -
1 / 1 / / 1 1 5 1 2 E
-0 (PU),(PU)|G,, — o0 UlU,G,1 G| + | ol — ¥ (P,U)
P,=1D, i i

1 2 1 1
- — (UPU)"| + [ U6] }
G,/LLV — [D,LM Dy] a —igFW 30 ( : ) ms | 120

11



CoDEx: Extra Scalar Doublet

| Heavy field properties

{Name, Color, Isospin, Hypercharge, Spin, Mass}

list = { hf, 1,

Heavy field representation

BSM Lagrangian

A\ - ~ ~
Loy = Ly + |DpHal® —miy,[Hal* — Z2|Hal* — (na [ HI? + oo Hal*) (H "M + HLH)

— Mo | H?Hal* = Mgy o H Ha|? — Mgy 3 {<Eﬁ%2)2 + (Hgﬁﬂ

~

— {Yf,({?fL ﬁQGR + Y?ELZ)GL Houp + Yﬁ?gL Hodp + h.C.}

12



| BSM Lagrangian

vy . . .
| Ly, = Lsn + | DuHal” —may, [Hal* - n Hol* — (nu|H|* + mo | Ho|?) (H " Ho + HLH)

= Mt [P M = Xt ol HHa [ = Nt s [(H1H2)? + (HEH)?| i

- ~ u)_ _ ~ |
~ AV L Hoen + Yy a, Houn + Y5 G, Hadp + hic. |

i l
LH2 = - T (dagle¢] v9)? - (nH dag|[Ht] .Ht + nH2dag[¢].¢) (dag[Ht].e¢ + dag[¢] .HT)

-AH21 (dag[Ht] .Ht) * (dag[¢].¢) - A%H22 (dag[Ht].) « (dag[e].Ht) - A#23 ((dag[Ht].e)” + (dag[e] .Ht)?) i

-yH2e ((lepb[1] [[1]] #et[[1]] + lepb[1][[2]] #et[[2]]) -eR[1]

+eRb[1]. (hermitianConjugate[ptilde[[1]]] # Lep[1][[1]] + hermitianConjugate [eptilde[[2]]] # lep[1][[2]1]))
+yH2u ((gdubb[1l, 1][[1]] *¢[[1]] +qdubb[1l, 1][[2]] *¢[[2]]) .uR[1, 1]

+URb[1, 1]. (hermitianConjugate[¢[[1]]] *+qdub[1l, 1][[1]] + hermitianConjugate[¢[[2]]] »qdub[1, 1][[2]]))
+yH2d ( (qdubb[1l, 1] [[1]] »et[[1]] + qdubb[1, 1][[2]] *¢t[[2]]).dR[1, 1]

+dRb[1, 1]. (hermitianConjugate[ept[[1]]] *qdub[1, 1][[1]] + hermitianConjugate[gt[[2]]] #qdub[1l, 1][[2]]))

12



Tree-level Wilson coefficients

In[4]: codexOutput[ LH2, list, model —> "2HDM", outRange —> “Tree”, operBasis —> “Warsaw" ]

Out[4]:

2

H
Qi (H'H)? .
Qen |(H'H)(Te H)+he. | -T2

Qui |(HTH)@uH)+he. | T2 SILH

£ nH yH2d 2

Qdan |(H'H)(@d H)+h.c. sy O¢ (HTH )3 n:]sz
Qe | TyubEyue) =2
yH2u?

Qqu(]) (@vy" q)u Yu u) A mha?

yH2d?

qu(]) (g Yu q)(d Yu d) Aot

Quedq | (P e)(d gj)+hc. | L2OXE

i | e H2d yH2
Qquad'"|(@’ Wew(@* d)+h.c.|- 5217

Qlequ'” (Tj e)ei(g~ u)+h.c. yiice yHizu Matching scale = mass of heavy field = mH2

2 mH22

13



1-loop level Wilson coefficients

In[5]: initializeLoop[ "2HDM" , list]

In[6]: codexOutput[ LHZ2, list, model —> "2HDM", outRange —> “Loop”, operBasis —> “Warsaw" ]

Out[6]:

14



SILH basis

Warsaw basis

d)
4 SM 305 Ay, YL 2 2 2
3 Y, NHAH A
: OmTm T H T 872m?2 4872 m?2 4872 m?2 19272m2 4872 m?2
(1) gy * Ao 1YY 3na, agy oV D H o H o H o Ho o
QHq 115207 2mgy, 2 SNHg AHg 1 Vg _ ONMH M H,2 M 3y 2 2,
7 H2 o 167r2m7_t22 1672mqy ., 2 O Ho,2 B Ho,3
1 gy 23 SM 2vS T 2,2 2., 2
Qud( ) 4320m2mqy, 2 AHo,3" Yy AHg,27 Yy 1927 ma, 48T may,
= 48w2m g, 2 19272m 4, 2 P N2, N2,
QHI 192072 m 2 . aw . Ho,l _ MHo,1VHo,2 OR — 5 9 —|— 5. 9 —I_ 5 9
4H2 QHO 768072 My, 2 96mZmay, 2 962 My, 2 8 ™y, 967 my, 241 mi, i
(3) _ A%% 2 2 2
“Hq 192072 m gy, * + /\?{22’2 7 T+ /\72{2’3 2 SNHNMH o A Ho,1 Ay SNMHNHAHY,2 Mg, 1 M Ho,2 - AHo, 1M, ,2
(3) gw* ki I i Os 8r2m2,  4872m?2, 8m2m2, 327%m32, 327%m3,
— u u 2+-SM 2
qu 384OW2mH22 3777{2>‘7—[2,1Y7_L2 3777-[2>‘7-L2,2Y7-L2 >\7—L2,2 YE 2 )\3 )\2 )\2 2\ >\2 3 2 by
(3) gw Qun 1672 may, 2 167r2m7_t%2 19272 mqq, 2 Ho,2 Ho, 1 VH5,3  “H9,2VH 4,3 Ny 7;2
— — — 2 5.2 2
@ 2 2 u) 2+ SM 9672 m?2 8m2m 8m4m 32m“m
a9 76807 THQ _377H77H2YuSM 377H>\7_L2Y7_L2 >‘7-L2,3 Yu 7‘[2 7'1'2 HZ %2
gy 1672mq, ., 2 3272myy., 2 4872 moy.,, 2 2X 90 1+ A4 2
Qaa 1728072 mgy, 2 2 X 3 O 2> 2
2 SNHNHoAHo, 1 | SNHNHAHo,2 Ho,1 WWwW 768712 m
4 Qu 2 5 — T 2 5 2 2 Ho
Qed _ o d 5 8m2may, 8m2myy, 4872 myy, >
(&
28807 THQ MM A, 22 B Ao, 17 A1y, 2 A 1A H,2 O 9w
Q — gy T 9672 m ., 2 32m2maqy,, 2 327r2m7{22 2W 96071‘277’1,%_(
ce 192072 m gy, 2 SM. 2 o N N 3 2
T i X 9y
Iy 2472 m 4, 2 8m2mqy 9672 m 4y
Qeu 144072 myy ., 2 5y 2 9 Osw 96072 m,2
p) 2 3Ny >‘7—(,2 377H777—L2>\H AHQ,QAHQ,S Ho
gy 2 2 2 2 o 2 2
QHd 576Oﬂ2mH22 32memyy, 87 me2(e) 8memyy., - o >"H2,2
gy 3 0 SNHMH o YeSM 3MH AH Y’Hg 3MH 2 AH >1YH2 WB 3847r2m%_t2
- T o 2 2
QHG 19207727’”’7—[22 eH 16772m7_t22 327‘(‘27’)17_[22 16 M3, 2 T
4 3 bY y(e) 2\ 2y SM 2\ 2y SM Ho,1 Ho,2
Q . gy _ OMHa MHo,2 4, Ho,2  ¥e Ho,3 Ye OBB P .
Hu 288072 My, 2 1672 myy ., 2 19272 myq,, 2 48T may, 2 #H2
2 2 p
gWgyASH; 0 B gy4 B Ao ,2 Ao ,3 g%/
QHWB 3847T27T1/H22 HD 1920W2mH22 96w2mH22 24W2mH22 02B 9607’(’2’)’7’1/3_[
QY4 QY4 3>\H2Y7EL€2)2 2
Qld B 576O7T2mH2 2 Qle - 19207T2m7_L2 2 1287T2m7_LQ 2
2
Q gy * 9y2>\%2,1 9y " A4 ,2
lu 2880 2m ., 2 QuB 3847Tmy, 2 T 7687 Tmyy, . .
0 gy’ oW a1 IW Aty 2 Matching scale = heavy field mass
4 576072 myy, 2 Quw 38472mq, 2 | 768m2myy, 2
4
gY 4 4
— 1 gy _ gw
Quu 4320m2myy, 2 Qiq " 11520m2mg,, 2 3840m2my,, 2 |
i (d)2 * ° °
IWw - INvolvin
Qw S0t 0. oyt DY 1-loop processes involving
q 1728072 m 4 12872 my .
3311, Vil Yad, T T only heavy propagators in the loop.
1 9w _ %
Qledq 64mZmy,, Qaq'V 7680m2my, 2 691207m2mgy, 2
(&) (@) (S
A, Yo v 2
equ 647 my qu _8640 2 2 128712 m, 2 . o o o o)
PR COR ) — 2 Contributions from heavy-light diagrams? RG Flow?
H
1 2 Ho " Ho . 9w _ gy
Qquqa'’ | — 64mZmyy, 2 Qu 7680m2my, 2 7680w 2myy, 2 15




RGFlow of the Wilson coefficients

In[7]): RGFlow[ Wilson coefficients, mH2, pn]

Out[7]:

RGFlow

37 operators « ———————P 48 Operators

The RGE on tree + 1loop 2HDM matching result available:

In Warsaw basis

Jenkins et. al.

arxiv:1308.2627
arxiv:1310.4838
arxiv:1312.2014

https:/github.com/effExTeam/Precision-Observables-and-Higgs-Signals-Effective-passageto-select-BSM/blob/main/rg THDM_d6.m

Partial cross-checks with DSixTools done, found agreement!

16

DSixTools
arxiv:1704.04504
arxiv:2010.16341



v
/
/
/
/
/
SM SM /
/
E — — — — — — >
N
N
SM SM ~
N
N
N
N
Na

Tree-level (T), Heavy-loop (HH), Heavy-light-loop (HL)

SM SM

T — Tree-level effective operators

NP
SM SM
SM NP SM

NP NP HH — Only heavy field propagator in the loop

SM SM

NP
SM NP SM

SM SM HL — Both heavy and light field propagators
in the loop

SM SM

NP

NP (New Physics) — Heavy field propagators
SM (Standard Model) — Light field propagators

17



Heavy-light mixed propagators inloop Zhang arxiv:1610.00710

Ellis et. al. arxiv:1706.07765

52 »CUV ] UH UHL_ Factors Formulae
{®,0}2  Uoe UL | | p = i a@g™+22(g"12 + 2Z0g") | tr (G0 G™UnrUs)
o = —ics 4 (g% + 2Z[g"* +2Tg")) | tr (G}, " UrsUns)
i - " = —ic,8T[q"]* t P Uy][P,U
DH,u 0 f,,U ic 9] 1'( [ oAl LH])
0 Dp, fopva = —ics 8Z[g"]* tr (G,,.[P", Urn][P", Un])
ff,,,u,c = —ic, 8Z[g"]* tr ([Py, [Py, Unr]] [PY, [P”, ULx]|)
fops, = —ics4 (Z[¢"** + Z[g"]") tr ([P*, Unr)ULu[P”, G,,))
'G(H ) 0 ) 2
=" fopo, = —ics4 (Zg"* +Z[g")") tr (Unz [P*, U] [P*, G,,])
_ O Gluy - f121Uh = —1:(334 (I[q4]33 +I[q4]24) tr (ULH [’P“ UHL] [PV ])
fflu = —’1:654 (I[q4]33 +I[q4]24) tr ([P“ ULH UHL[PV :w])

.. more terms ...
18



(A) Warsaw basis

Dim-6 Ops. Wi ilson coefficients
24 (1) 24 (2) 24 (3)
QH 1777H2>‘SHM 3Ny AHZ_ 13n g )‘HZ_ My )\Hz_
1671'2m7.L22 47r2m7.L22 12671'2m7.122 471'2m7.122
Q SNH
H 327r2me 2
(1) v (e) (2) y-(e) (3) v (e)
Q nHZY@SM 37’]H>\,H2Y,H2_ | ’r]HAHZY,Hz_ anA'HZY'Hz_
eH 1672myy,, 2 1672moy, 2 4m2may, 2 8m2may ., 2
(1) v (u) (2) v (u) (3) v (u)
0 ng2YSM  BnEN ) Y am Ay Yy o sngAy) vy
ul 16m2myy, 2 1672m gy, 2 T 82y, 2
(1) y-(d) (2) y-(d) (3) v (d)
0 na’ Yy SMHA Ya, | MHA Y, | SMHA, Vi
dH 1671'2me22 1671'2me22 47r2mH22 87r2m»H22
(B) SILH basis
Dim-6 Ops. Wi ilson coefficients
5T)Hz
OH 1671'2m7.(_22
U)
OR 87!'27’72,7{22
1577H2>‘§—IM 377H2)\,g_i; 13?’)H2A,(’3; 777H2>"(;3;
Os 16m2my,2  4n2mgy, 2 16m2my, 2 AmZmy, 2

19



The SM equations of motion

Gauge fields: Fermions:
a 8" — o — o 7 x : ) T ~ T
[D 7Gab] — Ys (qL T Yo 4y, T Up 1 o Up T dR 1 b dR) ZIDC]L — YS(I\/[) URH -+ Ys(lii/[) dRH,
i
] 1 1, s ipl =Y\ H.
[Daa Wab]l = 9w | 54s O-I’Vb q; T _lL O-[/Yb lL + —HTZDgH lD - MR
2 2 2 lD _ Y(€>l HY
1 - T R T EsMi
D Ba = 9y (6% Wy~ gl wly + GH D H iDu, = Yia, H',
2 1 - ) ipd, =Yg Ht
‘|‘§UR Yo Up — §dR Vo dR — €Er Vb 63) & SMAL

<=
H'iDyH =iH'"(DyH) — i(DyH")H,
<=
H'iD!{H =iH"o!(DyH) — i(DyH" o' H.

Scalars:

. u .‘_ 7 — (&
D*H + pg|H? + Ag(H H)H + q,i0*Y\ u, + d, Y lq, + e, Y01, =0

20



Operator identities

Gauge-invariant operators to SMEFT bases

1

Y1 Qer + h> |

L (w) 1

1 d
Or = |H|2‘DMH|2 = AgQH + §QHD - <§YS(M QuH + §YS(1\/[)QCZH -

1 <> 2 1
Or = 5 (HJr DMH) = —2QHD — _QHDa

' 1 1 1 1
Ogp §gy (HT D H) d,B" = g2 (QHD + QHD + 7 Q —QS? + —QHu — EQHd — 5@1{@) ;

i —
Ow = 59w (HTJIDMH) D,WH = g° < AgQp + QHDJr Q a T QHZ

\\
\

L, :
+ (;@M@uﬂ + 5Y80Qun + 5Y50Qu + 1) |

Falkowski et. al. arXiv:1508.05895 — Rosetta

Fierz identities:

AB

@.040.) @070 = 3200 (B0 BrPe.). iy = g rrrPr”

Aebischer et. al. arXiv:2202.01225
2208.10513

l.vanescent operators !!
21


https://arxiv.org/abs/1508.05895
https://arxiv.org/abs/2202.01225

Operator identities

Gauge-invariant operators to SMEFT bases

1 1. (4 1 |
Or = |HP?| D H|? = AuQu + §QHD + <§YS(M)QuH + §YS(§/[)QCZH + §YS(M)Q6H + h-C-> :

1 <> 2 1
Or = 5 (HJr DMH) = —2QHD — 5@}15,

? > 1 L a1y 1 _.a) 1 1 1
— Ly (HTD H) BV — g2 - — oW _ = —Qu — =0pd — Qe
Op 59y ( uwH ) 0 g, (QHD + 4QHD + 12QHq 4QHZ + SQH GQHd QQH > ;

i — [ 3 L !
o= S (105, 17—, (i Yo L 15

\

\

V) ot + h) s

/

1
2

L (u 1
- <§YS(M)QuH T 5 S(lil/[)QdH +

Falkowski et. al. arXiv:1508.05895 — Rosetta

Fierz identities:

(P1y*1b2) (3y,u1ba) = 2(10S ) (VS a), (17" 102) (V3yuba) = —2(¢h11ba) (Y3)2).

Evanescent operators !! Aebischer et. al. arXiv:2202.01225
2208.10513
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https://arxiv.org/abs/1508.05895
https://arxiv.org/abs/2202.01225

Wilson coeflicient exchange format — wexfln, wexfOut

Matching, mapping, running packages for EFTs: Aebischer et. al. JCPC 2018.05.022

In[8]:= result=codexresult/.numvalpar//N

Out[8]= {{qH,-5.26475%10"-7},{qHbox,3.53103%10"-11},{qHD,-1.97003*10~-8},{qeH[1,1],-2.12747%10"-16},
{quH[1,1],-9.36088+10"-16},{qdH[1,1],-1.87218%10"-15},{q1H1[1,1],-3.53103%10"-12},
{qHe[1,1],-7.06206%10"-12},{q1Hq[1,1],1.17701*10"-12}, {qHu[1,1],4.70804%10~-12},

{qHd[1,1],-2.35402%10"-12}}

In[lO]:-— wexfOut [246 (*scalex) ,result (* Numerical Wilson coefficientsx*)] SmeftFr 190403204’
MatchingTools 1710.06445,
SMEFIT 1901.05965,
DSixTools 1704.04504,
wilson 1804.05033,

smelli 2012.12211,
dphi_11—-1.87218*10"-15,phil1_11—-3.53103*%10"-12,phie_11—-7.06206*10"-12, SMEFTsim 1709.06492,

Matchmakereft 2112.10787

Out[10]= {eft—SMEFT,basis—Warsaw,scale—246,values —{phi—-5.26475%10"-7,phiBox—3.53103*10"-11,
phiD—-1.97003%10"-8,ephi_11—-2.12747%10"-16,uphi_11—-9.36088%10"-16,

phiql_11—1.17701%10"-12,phiu_11—4.70804*10"-12,phid_11—-2.35402%10"-12}}
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Wilson coeflicient exchange format — wexfln, wexfOut

In[2]:=

Out[2]=

In[3]:=

Out[3]=

Import ["sample_result_1. json"]

{eft—SMEFT,basis—Warsaw,scale—246,values—{phill_11—-3.53103*10"-12,phiD—-1.97003%10"-8,
ephi_11—-2.12747*107-16,phiu_11—4.70804*10"-12,phi—-5.26475*10"-7,uphi_11—-9.36088*10"-16,

phiBox—3.563103*107-11,dphi_11—-1.87218*%10"-15,phie_11—-7.06206%10"-12,

phiql_11—31.17701%10"-12,phid_11—-2.35402%10"-12}}

wexfIn[246 (*scalex*) ,%(*wcxf datax) ]

{{q1H1[1,1],-3.53103%10"-12},{qHD,-1.97003*10~-8}, {qeH[1,1] ,-2.12747*10"-16},
{qHu[1,1],4.70804%10"-12},{qH,-5.26475%10"-7},{quH[1,1],-9.36088%10"-16},
{qHbox,3.53103%10"-11},{qdH[1,1] ,-1.87218%10"-15}, {qHe [1,1] ,-7.06206%10"-12},

{q1Hq[1,1],1.17701%10"-12},{qHd[1,1],-2.35402%10"-12}}
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Applications:

< Single heavy scalar extensions of SM

https://github.com/effExTeam/Precision-Observables-and-Higgs-Signals-Effective-passageto-select-BSM
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https://github.com/effExTeam/Precision-Observables-and-Higgs-Signals-Effective-passageto-select-BSM

oo | SUSp| A [Ho [A1 |8 | L1 a]00]02] QX Xa | X0 | Xa
110 [ 112 |130 J12:112] 131 [van2 o valar-anfoavefs2elaa-valeanlerasforaaferna

Tree-level (T), Heavy-loop (HH), Heavy-light-loop (HL)

BSMs| Qup | Qu | Quu | Qua | Que | Qs | @it | @it | Qiie | Quws || Qun | Qus | Quw || Qu | Qc | Que | Qenr | Quir | Qanr || Q' | Qi | Quu | Qua | QL | Q1 | Qe | Qe | Qe | Que | Qu | Qua | Que | Qi | QL | Q1 | Qw

LUy

S HL X X X X X X X X HL T HL HL T X X HL | HL | HL X X X X X X X X X X X X X X X X X

S2 HH | HH | HH | HH | HH | HH | HH X X X HH | HH X HH | X X X X X HH X HH  HH | HH | HH | T | HH | HH | HH | HH | HH | HH | HH X X X

A T 'HH| X X X X X HH | HH HL T HL HH T X X T T T X HI | X X X X X X X X X X X X X HH | X

Ha HH |HH | HH | HH | HH | HH | HH | HH | HH HH HH | HH HH T X X T T T HH | HHE | HH | HH | HH | HH |HH | HH | HH | T HH | HH HH | T T HH | HH

A T T | HH | HH | HH | HH | HH | HH | HH HH T HH HH T X X T T T HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH

)} HH |HH | HH | HH | HH | HH | HH | HH | HH HH HH | HH HH || HH | X X HH | HH | HH || HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH

@1 HH |HH | HH | HH | HH | HH | HH X X X HII | HH X HH | HH | HH X X X HH | HH | HH | HH | HH | HH |HH | T |HH |HH  HH | HH  HH | HH | HH T X
@2 HH | HH | HH | HH | HH | HH | HH X X X HH | HH X HH | HH | HH X X X HH | HH | HH | HH | HH | HH | HH | HH | T |HH HH |HH HH | HH | HH | HH | X
0, HH |HH | HH | HH | HH | HH | HH | HH | HH X HH | HH HH || HH | HH | HH X X X HH | HH | HH | HH | HH | HH | HH | HH | HH |HH HH | T | HH | HH | HH | HH | HH
0, HH |HH | HH | HH | HH | HH | HH | HH | HH X HH | HH HH || HH | HH | HH X X X HH | HH | HH | HH | HH | HH (HH | HH | HH |HH | T |HH | T | HH | HH | HH | HH
1Y) HH |HH | HH | HH | HH | HH | HH | HH | HH X HII | HH HH || HH | HH | HH X X X HH | HH | HH | HH | HH T |HH | HH | HH | HH | HH | HH | HH | HH | HH T | HH
X HH |HH | HH | HH | HH | HH | HH | HH | HH X HII | HH HH || HH | HH | HH X X X T T |HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH
X HH |HH | HH | HH | HH | HH | HH X X X HII | HH X HH | HH | HH X X X HH | HH | T |HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH X X
Xa HH |HH | HH | HH | HH | HH | HH X X X HH | HH X HH | HH | HH X X X HH | HH | HH | T | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH | HH X X
X4 HH | HH | HH | HH | HH | HH | HH X X X HII | HH X HH | HH | HH X X X T T |HH | HH | T | HH |HH | HH | HH | HH | HH | HH | HH | HH | HH X X

Matching result for these BSMs: https://github.com/effExTeam/Precision-Observables-and-Higgs-Signals-Effective-passageto-select-BSM

26 More on this: arxiv:2012.03839, arxiv:2111.05876



https://github.com/effExTeam/Precision-Observables-and-Higgs-Signals-Effective-passageto-select-BSM
https://arxiv.org/abs/2012.03839
https://arxiv.org/abs/2111.05876

Summary & Future directions

% Matching using functional methods: Effective action formulae, implementation

« Model implementation in CoDEx: Tree-level, 1-loop-level WCs and RGEs.

- 15 scalar extension of the SM

Features in upcoming releases:

< Fermions at 1-loop. v
% 1-loop-level WCs from mixed statistics loops. &/
% Multiple heavy fields at 1-loop with non-degenerate mass.

% Open sourcing and benchmarking models with other packages.
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Thanks for your attention!

CoDEx web-documentation  https://effexteam.github.io/CoDEx/html/tutorial/CoDExOverview.html
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Backup slides



Take trace and use BCH formula -

\

=1

eB Ae P =
n!

n=0

LA  LpA=I[B,A]

I

/

Integral :

d4
Seff,l—loop —1C /d4$/ e

Sandwich eip'c’%
. d*q
Seff,l—IOOP — 17 C /d4ﬂi‘/ (2 4tI'

)

(2m)*

Henning et. al. JHEPO1(2016)023

tr log (—(P — q)* + m* + U(x))

on both sides of the integrand

log
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1-loop processes in EFT

ldea proposed by Gaillard (1986) and Cheyette (1988) and later adapted by Henning et. al. (2016)

Gauge invariant higher dimension operators.

T

~S ~

d4
Seff 1-loop = & C /d4a:/ e q4tr log | —(q, + G —)2+m2—|—U

) _ _

Gaillard M.K. Nucl.Phys. B268 (1986) 669-692
Cheyette O. Nucl. Phys. B 297 (1988) 183



1-loop processes in EFT

ldea proposed by Gaillard (1986) and Cheyette (1988) and later adapted by Henning et. al. (2016)

Gauge invariant higher dimension operators.

T

~S ~

d4
Seff 1-loop = & C /d4x/ e q4tr log | —(q, + G —)2+m2—|—U

) _ _

tr : over internal indices like gauge and spinor indices

1
—a

loglz? — a?] — /dazz 53

Expand the denominator in binomial series.

Terms in series are suppressed by the mass of the heavy field.

Gaillard M.K. Nucl.Phys. B268 (1986) 669-692
Cheyette O. Nucl. Phys. B 297 (1988) 183



