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Introduction

Before the LHC started operating we all
hoped for great discoveries...
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Introduction

A message from Nature?

?
NP
scale maybe too far?
— Effective Field Theory
approach
) _ SMEFT
SEZYG - rl(;;lgh See talks by
g Jordy de Vries,

Adam Falkowski (?)
and Andrzej Buras
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The SMEFT
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Gauge invariant operators

Focus on dimension-6 operators

Warsaw basis
[Grzadkowski et al, 2010]

2499 real parameters (3045 with B-violation)
Full 1-loop RGEs computed

[Alonso, Chang, Jenkins, Manohar,
Shotwell, Trott, 2013-2014]
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The SMEFT
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Gauge invariant operators

Non-trivial coupled system

Focus on dimension-6 operators

Warsaw basis
[Grzadkowski et al, 2010]

2499 real parameters (3045 with B-violation)
Full 1-loop RGEs computed Computers are

[Alonso, Chang, Jenkins, Manohar, known to be good at
Shotwell, Trott, 2013-2014] complex games...
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Mathematica package
Modular structure

Each module can be
used independently
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DsixTools

Initialization

- Input routines
- Qutput routines
- Definitions

/Iru;}utl/Z ————— > Module 1

—————— 7/ Qutput 1/

i
i

/Inputn/ ----- » Module n

------ 7/ Dutputn/
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DsixTools

Mathematica package Energy

Modular structure UV model

Each module can be A s matching "
used independently

LSMEFT SMEFTrunner

RGE
}
Myy| wss= matching e EWmatcher
HwET WETrunner
AR Fi(fE
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The modules
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SMEFTrunner
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Initialization SMEFT runner

l

Read Input

—
L

RGE running
of the SMEFT

Load saved Compute
—————————— 1 B functions B functions

——-»{ Analytical B's

ParametersatA | = —-————————————+ RGEs

RGE running - "Exact" (NDSolve)
A= EW - First leading log

y
@---7/ Output file /
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EWmatcher
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/ Input file /‘_‘ l
“““““““ >

/ SMEFTrunner /

Initialization EWmatcher

Read Input

Tranformation to

-
——
-
-—

Matching at
the EW scale

fermion mass basis

l

—-—-7/ MB output file/

-AB=A5=2
Matching to WET | -AB=AC=1
-AB=AS=1

@ ----- )/ WET output file /
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WETrunner

RGE running

Initialization WETrunner

of the WET

/ Input file /_“__ l
“7=2 Read Input
/ EWmatcher/

RGE running
EW = Apg

- Evolution matrix
- Ng =my

% ------ )/ Output file /
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Examples and applications

Chuck Norris fact of the day

Chuck Norris lost his virginity
before his dad
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A simple program: numerics

A DsixTools Program

This notebook loads DsixTools and shows how to use the SMEFTrunner module.

SetDirectory [NotebookDirectory([]]:

Start DsixTools

Needs ["DsixTools "]

Read input files

ReadInputFiles["Options.dat", "WCsInput.dat", "SMInput.dat"];

Load SMEFTrunner module

LoadModule ["SMEFTrunner "]

Use SMEFTrunner module

LoadBetaFunctions;

RunRGEsSMEFT ;
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SMEFT WCs input file

—— o e e e o e f e —— s —

Block WC4 WCslnput.dat
61.0 # phiBtilde

Block IMWCDPHI

110.1 # dphi(1,1) Simple text file

120.2 # dphi(1,2)

130.3 # dphi(1,3) Inspired by the SLHA

210.1 # dphi(2,1)
220.2 # dphi(2,2)

3104 # dphi(3,1) output file
320.5 # dphi(3,2)
330.6 # dphi(3,3)
Block WCDD

23231.0 #dd(2,3,2,3)
Block WCPHIQ3

131.0 # phig3(1,3)

Also possible to give input

I

I

I

I

I

I

I

I

I

I

|

230.3 # dphi(2,3) : Similar format for the

|

|

! directly on the notebook
|

I

I

I

I
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A simple program: numerics

Results after SMEFTrunner

In[fl= (#+ The results can also be plotted as a function of the energy scale =)

In[Bl= (* Gauge couplings =)

plotGaugel = Plot [outSMEFTrunner [[1]], {t, tLOW, tHIGH}, Frame -+ True, Axes -+ False, PlotRange -+ {{tLOW, tHIGH}, Automatic},
FrameLabel - {"Log[aA/GeV]", "g", None, None}]l;

plotGauge2 = Plot [outSMEFTrunner [[2]], {t, tLOW, tHIGH}, Frame -+ True, Axes - False, PlotRange - {{tLOW, tHIGH}, Autcmatic},
FrameLabel - {"Log[a/GeV]", "g'", None, None}];

plotGaugel = Plot [outSMEFTrunner [[3]], {t, tLOW, tHIGH}, Frame - True, AxXes - False, PlotRange - {{tLOW, tHIGH}, Automatic},
FrameLabel - {"Log[a/GeV]", "g.", None, Nonel}]l;

plotGauge = {plotGaugel, plotGaugel, plotGaugeld}

0 0.96
- 0.354 bee

P 0.352 e
0.620 oo 0.92
o Ul (o w U

0.615 @ - oo
oulttl= | gern , 0.348 , 0.88
1 0610 0.346 0.86
0.605 : . . . 0.84

20 25 30 35 40 20 25 30 35 40
Log[ Al GeV] Log[ A/ GeV] Log[ A/ GeV]
In[12]= (*+ Wilson coefficients =)

plotWCl = Plot [cutSMEFTrunner [[48]], {t, tLOW, tHIGH}, Frame - True, Axes - False, PlotRange - {{tLOW, tHIGH}, Autcomatic},
FrameLabel - {"Log[aA/GeV]", "Cgi15-", None, None}];

plotWC2 = Plot [Abs [outSMEFTrunner [[61]1]], {t, tLOW, tHIGH}, Frame - True, AxXes - False, PlotRange - {{tLOW, tHIGH}, Automatic},
FrameLabel -+ {"Log[a/GeV]", "|(Csy)12|", None, None}];

plotWC3 = Plot [cutSMEFTrunner [[443]], {t, tLOW, tHIGH}, Frame - True, Axes - False, PlotRange - {{tLOW, tHIGH}, Automatic},
FrameLabel - {"Log[a/GeV]"™, "({Cs5)232:", None, None}];

plotWC = {plotWCl, plotWC2, plotWC3i}

1.00F R 1.00
— 0220
nask oo
g 098 2 0215 o 098
2 086 5 0210 N D96
@ 094} - el =
Outf15]= {U D9z | y © 0205 . 5 0
0.90 0200 ~ 082 ]
20 25 30 35 40 20 25 30 35 40 20 25 30 35 40
Log[ A/ GeV] Leg[ A/ GeV] Log[ M/ GeV]
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Another simple program: analytics

A DsixTools Program
This notebook shows how to use the SMEFTrunner module to study SMEFT B functions analytically.

SetDirectory[NotebookDirectory([]];

Start DsixTools

Needs["DsixTools "]

Set CP conservation

CEV =0;

Load SMEFTrunner module

LoadModule ["SMEFTrunner"]

Compute § functions

GetBeta;
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Another simple program: analytics

Inf6]= (+ Let us compute .@-_;:': and .@-_:”: assuming top dominance and no NP effects in the 1lst fermion family =)
n[fl= (*+ Top dominance approximation =)

top={GD[i , 7 ]= 0, GE[i , 7 1= 0, GU[i , 7 ]= If[i=7=23, Vtbyt, If[i=2&& 7=3, Vtsyt, 0]11};
InfBl:= (*+ No NP in 1lst family =)
WCs2F = {gLl, L3, oQl, Q3};

WCs4F = {LQ1, LQ3, LU, QE, QU1l, QUB, QD1, QD8, QQ1, QQ3};
nofirst2F = Table [Part [WCs2F, i][a , B ] - If[AnyTrue[{a, b}, # =1 &], 0, 1] Part[WCs2F, i][a, b], {i, 1, Length[WCs2F]}];

nofirstd4F = Table [Part[WCs4F, i]J[a , b , ¢ , d ] -» If[AnyTrue[{a, b, ¢, d}, # =1 &], 0, 1] Part[WCs4F, i]J[a, b, c, d],

{i, 1, Length [WCs4F]}];
nofirst = Jein[nofirst2F, nofirstdF];

Inf13;= glgl = g[1gli[[2, 2, 2, 3]] /. top /. nofirst // Expand

1 1 1
Ouisl > VEb Vts yt? Lo1[2, 2, 2, 2] ] gp® LQ1[2, 2, 2, 3] + : vib? yt? 1Q1(2, 2, 2, 3] +

1 2
inszytz L1[2, 2, 2, 3]+ - Vtb Vts yt? LQ1[2, 2, 3, 3]+ ; gp® LQ1(3, 3, 2, 3]+ 9 LO3[2, 2, 2, 3] -

Ld | B )

2 2

Vtb vts ye? LU[2, 2, 3, 3]+ - gp®@QD1(2, 3, 2, 2] + 3 gp? QD1(2, 3, 3, 3] + 3 gp QE[2, 3, 2, 2] +

2 2 4 14 2

- gp’ QE[2, 3, 3, 3]- - gp® QO1(2, 2, 2, 3] - 3 gp’ Qo1(2, 3, 2, 2] - 5 gp’ QQ1(2, 3, 3, 3] - 3 gp’ QQ3(2, 2, 2, 3] -

2 bl 4 ] 4 2 2 1 2

- gp QQS[Er ?’rar}]_igp QU].[E, 3r zrz]_igp QU].[E, 3r 3'r3]+“"?1':‘1::"“'?1:'5l‘l-t' @Ll[zrz]_igp l’,_ﬂlQl[E,}]
Inj14]:= glg3 = g[lg31[[2, 2, 2, 3]] /. top /. nofirst // Expand

1 16 1

outf14]= 3 g? L.Q1[2, 2, 2, 3] + 5 Vtb vts yt® LQ3[2, 2, 2, 2] - = g®LQ3[2, 2, 2, 3] -gp® LQ3[2, 2, 2, 3]+ 5 vtb? yt? 1.3 (2, 2, 2, 3] +

1 2 2
ves? ye? LQ3 (2, 2, 2, 3]+ 5 vtb ves yt? LQ3([2, 2, 3, 3]+ : g® L33, 3, 2, 3]+ ] g® Qol(2, 2, 2, 3]+ ; g’ golz, 3, 3, 3] -

g’ 0032, 2,2, 3]+49%Q03(2, 3, 2, 2]+ ? g’ Q03[2, 3, 3, 3] - Vtb Vts yt? ¢L3[2, 2] + ; g’ wR3[2, 3]

Lad | B B =
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Other stuff DsixTools can do for you

 Direct input on the notebook

» Easy loops with varying WCs and/or energy scales

* Output to simple SLHA inspired text files
 Transformation to fermion mass basis at the EW scale
* EW matching to many WET operators for B-physics

« QED and QCD running from the EW scale down to the b-quark mass scale

And much more to come!
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Summary
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Summary

|

[T

A Mathematica package for the matching and RGE evolution from the new
physics scale to the scale of low energy observables

Manual: arXiv:1704.04504
Website: https://dsixtools.github.io/

Easy implementation of new modules
Comments (including critical ones!), questions and suggestions are welcome!
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Thank you!
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