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., QUE ES SPACEMATH?



Una paqueteria de Mathematica para la biisqueda del espacio de
parametros mas alla del Modelo Estandar.

SpaceMath v.1.0

SpaceMath v1.0 es capaz de encontrar regiones permitidas para
parametros libres de modelos de extension usando los datos de bosén de
Higgs dentro de una interfaz amigable y en un entorno intuitivo en el que
los usuarios ingresan los acoplamientos, establecen pardmetros y ejecutan
Mathematica de la manera tradicional. Como resultado, son generadas
tablas y graficos con valores y areas en concordancia con los datos
experimentales.
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SpaceMath v.2.0

El propésito de esta guia es describir como instalar y usar SpaceMath
v.2.0 utilizando las observables fisicas: the Higgs boson data (HBD) &
Lepton Flavor-Violanting Processes (LFV) con 2 formas de manejo para
el usuario: Modo Experto y Modo Amigable.
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SPACEMATH V.2.0:
DETALLES TECNICOS,
REQUISITOS PARA
INSTALACION



Informacién

IFUNAM

Nombre de la paqueteria de Mathematica: SpaceMath (més
precisamente, en esta guia usaremos SpaceMath v.2.0).

Desarrolladores: The SpaceMath team, compuesto por Marco A.
Arroyo-Ureiia y Tomés A. Valencia Pérez.

Colaboradores: Myriam Mondragén Ceballos.
Repositorio: https://github.com/spacemathapp

Sitio web:
https://spacemath-project.gitbook.io/api-docs/

Manual: DOI: 10.31349/RevMexFisE.19.020206.
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https://github.com/spacemathapp
https://spacemath-project.gitbook.io/api-docs/
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Para usar esta guia, necesitard una computadora con un sistema
operativo que ejecute Wolfram Mathematica (la versién de
SpaceMath que vamos a usar necesita Mathematica v.12.0 o
superior).

Ademas de este requisito, es muy recomendable que la computadora
tenga 4 Gb de RAM o mas.

También necesitarad una buena conexién a Internet para descargar la
paqueteria.

Es dtil conocer el manejo basico del lenguaje Wolfram, pero no es
obligatorio. Los comandos necesarios se daran y explicaran en esta
guia.
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INSTALACION DE
SPACEMATH Vv.2.0



Verificacién del sistema
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Verifique que Mathematica v.12.0++ este instalado en su
computadora.

Abra un notebook de Mathematica y corra la siguiente instruccién:

mn(i=  $Version

1= 13.1.@ for Microsoft Windows (64-bit) (June 16, 2022)

Si su computadora tiene una version anterior, es posible que algunas
caracteristicas de SpaceMath v.2.0 no estén disponibles.
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Instalaciéon de SpaceMath v.2.0
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Vaya al sitio del repositorio de SpaceMath y descargue el archivo

SpaceMath-2.0.paclet.

¥ stable ~ P 1branch ©0tags Go to file Add file ~

k4 tvalencia Create README.md 1602816 on Sep 22,2022 ) 21 commits

B SpaceMath Update Install.m 10 months ago

O .project new branch 10 months ago
[ README.md Create README.md 6 months ago
README.md Vi
Spacemath
We present a ica application in pment, so-called

, for the search of Beyond
Standard Model (BSM) parameter spaces which be agree with the most up-to-date experimental
measurements. The physical observables implemented in SpaceMath are classified in five categories, namely,
Higgs boson data, flavor-violating processes, oblique parameters, unitariety and meson physics. SpaceMath
works within a friendly interface and an intuitive environment in which users enter the couplings, fix
parameters and execute Mathematica in the traditional way. In this first version, SpaceMath is able to find
allowed regions for free parameters of extension models by using Higgs boson data.

7/28



Instalacién de SpaceMath v.2.0

Si descargé el archivo en su directorio Documents entonces ejecute
las instrucciones siguientes:

in21= LocalPath = $UserDocumentsDirectory

outl2)= /home/valencia/Documents
in[3l= PacletInstall[FileNameJoin[{LocalPath, "SpaceMath-2.0.paclet"}]]

outsl= PacletObject g NName: SpaceMath

Version: 2.0
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Instalacién de SpaceMath v.2.0
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Ahora, simplemente ejecute el siguiente comando y SpaceMath sera
cargado en su entorno de trabajo en Mathematica.

inla)= << SpaceMath®

@' SPACEMATH
V.1.0

= EH KN N i

& T. 1. Valencia—Pérer

Centro Iferdiseipinari de ovestigacidn y Enseanza de a Ciencia ~ nstitutode Fisica
Benemérita Universidad Autinoma de Puekla Universifad Nacional Autinoma de México

Contactus:  spacemathapy @gmailcom
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UsSO BASICO DE
SPACEMATH Vv.2.0



Formas de trabajo

SpaceMath v.2.0 ofrece al usuario 2 formas de trabajar: Expert
Mode y Friendly Mode.

Tomemos como ejemplo a la observable LHC Higgs boson data:
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[ SMgracEmMAaTH
=N TN 3

Observables
€ M. A. Arroyo—Uredia LV PT.A Valer_u:_ia—l’e'vuz

Centro Interdisciplinario de Investigacidn y Enseiianza de la Ciencia  Instituto de Fisica
Benemerita Universidad Autinoma de Puebla Universidad Nacional Auténoma e México

Contact us: spacemathapp@gmail.com
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Disponible para fijar desde 1 hasta 4 parametros.

[SMgracEMAaTH
LHC Higgs hoson data

Signal strength modifiers R Higgs boson coupling modifiers Ki

P
I

@ - au
One parameter — E
Four parameters oA s mersecton
Random 4—parameters resecten e

nesecion - o

[ lose | (5]
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LHC H igg s bo s on d at The Yukawa Lagrangian in term of physical states is given as follows:
Signal strength modifiers R, Ly = % ( o )"' [Z;"J + ﬂgngx; S (mw> () }
g m _ sin o os(a — B) v
() a e () o, e
,;) Jj| ~

_ 2 ,
b2 () g | - can sy + vz (mw ( 5d;A
2 \mw geosB \ mg i

Rtau

g [ mu)_ [sina 7\/§sin(u73)(7n“/> o
/ to (mw)"’Lmaﬁ” gsinf e (7)., |
Expert Mode g (mu), [eosag ﬂcos(a*ﬁ) my vu f

Load SpaceMath package:

2 ,
+ i (ﬂ) @ [—cotﬁéi] + 2 (m” “) Aou A
gsinp

<<SpaceMath 2 \my
. where i and j stand for the fermion flavors, with i % j, in general. As far as the lepton interactions, it is
Input couplings: similar to type-down quarks part with the exchange d — £ and my — m,

= THDM - III couplings taken from arXiv : hep - ph /8509 353 v2

ghtt[a_,Att_,Cab_,tb_]
ghbb([a_,Abb_,Cab_,tb_]
ghtautau[a_,Atata_,Cab_,tb_]
ghWW[sab_] :=gwmxsab
ghZZ[sab_]:=gzsmZxsab

(8/2) (mt/md) ((Cos[a]/ (tbxCos[ArcTan[tb]]))-(Sqrt[2] Cab/(gxtbxCos[ArcTan[tb]]) (WW/mt)« (mt/vevsAtt)))
g/2) (mb/mH) (((-Sin[a]xtb)/Sin[ArcTan([tb]])+(Sqrt[2] (Cabxtb)/(gxSin[ArcTan([th]]) (mh/mb)« (mb/vevxAbb)))
(/2) (mtau/mh) (((-Sin[a]*tb)/Sin[ArcTan[tb]])+(Sqrt[2] (Cabstb)/(g+Sin[ArcTan[tb]]) (mW/mtau)s(mtau/vevsAtata)))
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Execute the command:

Rtau[
ghtt [ArcCos [cab] +ArcTan [tb] ,Att, cab, tb]
ghbb [ArcCos [cab] +ArcTan [tb] ,Abb,cab, tb],
ghtautau [ArcCos [cab] +ArcTan[tb] ,1,cab, tb],
cab,tb,-1,1,1,15,
"cos (a-B)","tang" ,Att,Abb,
©.9,1,0.05,0.9,1,0.05, "Att", "Abb",
EC

1021

If you need to get a data list:

TableRtau[
ghtt [ArcCos [cab] +ArcTan[tb],1,cab, tb],
ghbb[ArcCos [cab] +ArcTan[tb],1,cab, tb],
ghtautau[ArcCos [cab] +ArcTan[tb],1,cab, tb]
cab,-1,1,0.1,
tb,1,15,1

For more details:

Table 1: Left: THDM-III ghXX couplings. Right: Intries for

SpaceMath v1.0

Coupling from Yukawa Lagrangion n 4. (4]

s

8.7 (=g, - Sozee (2e) (4), ]
o=

gt [mags, - Lo () (57), |

ghtela, ket Cab., tb1:=(2/2) (av/m)
s e

A, Db, Cab., 0.1 - (8/2) (/)
((-stnla)sto/stnlarcTan(eo]])+
(i FerE

Tnput to Spaceliath v1.0

s, - Liggiar (30 (), ]

Description

vavekbn)))
ghtautaula_, Atata_,Cab_, b :=(g/2) (ataw/aw)
CCSinta eh/smmbireTaa el e

® We define a=av, Cab=cos(a — f3), sab:

and sin 8 = tan B cos(tan ! (tan 8)).

sin(a — ), tb=tan 3,

The terms mf (= fermions), mV (V=Z, W), g and vev are the fermion masses, gauge boson
masses, SU(2) coupling constant and the vacuum expectation value, respectively. These quantities

are loaded once SpaceMath v1.0 is executed.

Y2F)”_ = ymmsAy /v

?Rtau
?TableRtau
For more details:
llol- 2Rtau
Symeal
outlea)
respectively. Label [f] stands for confidence level

Rtaufghtt_, ghbb_ghtautau_x_.y_ xmin_xmax_ymin_ymex_xlabel_ylabel_xfor_yfor_xformin_xformax_xforstep_yformin_yformax_yforstep_xforlabel yforlabel_,PP_J[i[l»

This command evaluates R,, when there is dependence on two or more parameters. The arguments ghtt, ghbb and ghtautau are the htt, hbb and htautau couplings. Here, h represents to
SM-like Higgs boson while t, b and tau are the top and bottom quarks and the tau-lepton. Labels x and y indicate the parameters to constrain, while xmin (ymin) and
xmax (ymax) are the initial and final values defined by users. Argument xlabel (ylabel) is used for indicates the X axis label (Y axs label). The arguments xfor (yfor), formin

(yformin), xforstep (yforstep) represent an additional parameter to constrain, namely: iniial value, final value and the steps from xformin (yformin) to xformax (yformax),

=1 (2) indicates 10 (20), Finally, PP is an option for plotting functions that specifies how many iniial sample points to use.
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Coupling of the Coupling of the Coupling of the
Higgs boson to a top | | Higgs boson to a Higgs boson to a T H‘ggs boson 102 H'ggs boson 102

§ . > — W, Z gauge charged scalar boson
quark pair. bottom quark pair. lepton pair. boson pairs it

fom xformin to
xformax for parameter
xfor: xformin< xfor<
xformax.

Interval from xmin to Interval
xmax for parameter

x: xmin< x< xmax.

Interval from ymin to
ymax for parameter
y: ymin< y< ymax.

Parameters to be
constrained.

Commands to generate R graphs.
RV[ghtt_, ghbb_, ghVV_, x_, y_, xmin_, xmax, ymin_, ymax_, xlabel_, ylabel.,
xfor_, yfor., xformin., xformax_, xforstep_, yformin_, yformax., yforstep_, PP_]1[[i]]
This command graphs Ry (V = W, Z) as a function of the parameters to be constrained: x, y, xfor, yfor.
6

© Rtau[ghtt_, ghbb_, ghtautau., x_, y., xmin_, xmax_, ymin_, ymax., xlabel_, ylabel_,
xfor_, yfor_, xformin_, xformax , xforstep_, yformin , yformax_, yforstep, PP [[il]
This command graphs R, as a function of the parameters to be constrained: x, y, xfor, yfor.

SpaceMath v1.0

labell

Label for = axis (y || S2mPle points to
N use for plotting
axis). N
functions.

Rterval from yornin to
yformax for parameter
yfor: yformin< yfor<
yformax.

Steps from xformin
to xformax.

Steps from yformin
to yformax

i1l
Stands for confi-
dence level i=1 (2),
indicates 1o (20).

Random values
Number of random

Charged scalar mass. parameters to be
values to generate.

generated.
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LHC Higgs boson data

Signal strength modifiers R,

RtauRandom

Expert Mode
Load SpaceMath package:
<<SpaceMath"
Input couplings:

= THDM - ITI couplings taken fromarXiv : hep - ph /8509 353 v2

ghtt[a_,Att_,Cab_,tb_]:=(g/2)
ghbb[a_,Abb_,Cab_,tb_]:=(g/2)

ghWM [sab_]
ghzz[sab_]

guamhlxsab
gzamZxsab

IFUNAM

Execute the command:

RtauRandom [
ghtt[ArcCos [cab] +ArcTan[tb] ,Att,cab, tb],
ghbb [ArcCos [cab] +ArcTan[tb] ,Abb, cab, tb] ,
ghtautau[ArcCos [cab] +ArcTan[tb] ,1,cab, tb],
cab,-1,1,
b,1,15,
Att,0.9,1,
Abb,0.9,1,
5000
1

PlotRtauRandom[1,2,"cos (a-8) ", "tans"] [2]

For more details:

?RtauRandom

?PlotRtauRandom

(mt/mW) ((Cos[a]/ (tbxCos[ArcTan[tb]]))~ (Sqrt[2] Cab/(gxtbxCos[ArcTan[tb]]) (MW/mt)« (mt/vevsAtt)))
(mb/mh) (((-Sin[a]«tb)/Sin[ArcTan[tb]])+(Sqrt[2] (Cabstb)/(g+Sin[ArcTan[tb]]) (mh/mb)« (mb/vevsAbb)))
ghtautau[a_,Atata_,Cab_,tb_]:=(g/2) (mtau/mh) (((-Sin[a]wtb)/Sin[ArcTan[tb]])+(Sqrt[2] (Cabxtb)/(g«Sin[ArcTan[tb]])

(mkl/mtau) = (mtau/vevsAtata)))
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Friendly Mode

Disponible para fijar desde 1 hasta 4 parametros.

[SM|gracEMATH
LHC Higgs hoson data

Signal strength modifiers R Higgs boson coupling modifiers Ki

nnnnnnnnn
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Values for x Values for xfor

Values for y xtorstep: N
v I e Values for yfor

ymax: yforlabel

xlabel xfor- xforlabel
xmax: xformin: xformax:

yformax-

oPlot Figure
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LHC H

Parametters Couplings

L1l (a At2,Ca2,th)

(9/2) (mt/mW) (Cosfal (b
B Cos[ArcTan[tb]])-(Sart2]
B Ca2/(g~tb«Cos[ArcTan[tb]])
(MZ/mij(miivevsAt2)))

ghww: [E5]

slajaweled
sbuidnon

(/2) (mb/mW) (((-Sinapstb)/
Sin[ArcTan[tb]]j+(Sart[2]
(Ca2+tb)/{g<Sin[ArcTan[tb]])
(mZ/mb)«(mb/vev<Ab2)))

ghbb:

G TIP

Y TIP
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1iggs boson data - Signal s

SJSJSmBJBd Bumes

ghtt
LU UM | A cCos[Ca2] + ArcTan|tb]

ghtl_R2. .1

ghuf_._R3, ] [€H]

ghttl.__ Rl

ghbb
L1111 S IR W A cCos[Ca2] + ArcTan[tb]
ghbb[_,S2, , 1 [\
ghbb[_,_,S3, ] [&¥]

ghbbL_._._$4]
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trength modifiers Ry,

san|eA JejsWieled

Values for x

x xiabet: [

Values fory

Values for xfor

xfor: xforlabel: [

xformax: |

Values for yfor

yforlabel: 5
yformin: yformax 1

vforslep

Adjustment

xst _ vsl_
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aPlot Figure

Att 1
Abb |
40 SpaceMath
30
*R
=20 :

10

-1.0 -05 0.0 0.5 1.0
Cap
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RXALL [ghtt [ArcCos[Cab] + ArcTan[tb], Att, Cab, tbl,
ghbb[ArcCos[Cab] + ArcTan[tb], Abb, Cab, tb],
ghzZ[Sqrt[1 - Cab~2]], ghWil[Sqrt[i - Cab~2]]

ghtautau[ArcCos[Cab] + ArcTan[tb], 1, Cab, tb],
0, mCH, Cab, tb, -1, 1, 0.1, 50,"cos(a — B)",
“"tan 3", Att, Abb, 0.9, 1, 0.1, 0.9, 1, 0.1, 80][[2]]

Caﬁ

IFUNAM
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CONCLUSIONES



Conclusiones y perspectivas

Ha sido publicada la primera versién de SpaceMath habilitada con
datos del bosén de Higgs.

Por concluir la construccion de la segunda versién de SpaceMath
habilitada con datos del bosén de Higgs, procesos con violacién de
sabor lepténico y con 2 forma de trabajo para el usuario.

Estudiar el espacio de parametros de diversos modelos.

Que sea usado por los estudiantes e investigadores

IFUNAM 26/28



gresults | [E citeall Citation Summary (Jf) Mot Recent

Lepton flavor violation in the Littlest Higgs model with T-parity realizing an inverse seesaw #1
Ivan Pacheco (CINVESTAV, IPN) (Sep 19, 2022)

& links  [E cite [@ reference search 2 O citations
Lepton flavour violation in hadron decays of the tau lepton within the littlest Higgs model with - *2
parity

Ivén Pacheco (CINVESTAV, IPN), Pablo Roig (CINVESTAV, IPN) (Jul 8, 2022)
Published in: JHEP 09 (2022) 144 « e-Print: 2207.04085 [hep-ph]

pdf @ DOl [S cite [@ referencesearch ) 6 citations
Higgs Pair Production at the LHC through the Flavon #3
Marco A. Arroyo-Ureiia (Unlisted, MX and Mexico U, Amit Chakraborty (SRM U, Amaravati), J. Lorenzo Diaz-Cruz (Unlisted, MX and
Puebla U, Mexico), Dilip Kumar Ghosh (IACS, Kolkata), Najimuddin Khan (Harish-Chandra Res. Inst) et al. (May 25, 2022)

e-Print: 2205.12641 [hep-ph]

pdf B cite [ reference search 2 3 citations
Single top production via FCNC couplings atan e e collider with center-of-mass energy /s =
240 Gev

MA. Arroyo-Urefia (Mexico U, Cuautitlan), J. Lorenzo Dfaz-Cruz (Puebla U., Mexico), R. Gaitén (Mexico U., Cuautitlan), JH. Montes
de Oca (Mexico U, Cuautitlan), T.A. Valencia-Pérez (Mexico U) (Feb 9, 2022)
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