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WHATL S THIS!




WHATL S THIS!

Google Is your friend...




WHAT IS THIS?

Google Is your friend... GheiN

facebook

Sunny Ufo—aloha +1 Add as Friend

Basic Information

Sex Female

[B Sunny only shares some profile information with everyone. If you know
Sunny, add her as a friend or send her a message.
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WHATL S THIS!

PiRE=SUNIVERSAL FEYNRULESHOISHTRIEHE

New model format

ALOHA= Automatic Language Independant Output
Helicity Amplitude

Create Helas Routine
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PLAN

+ UFO

» Motivation

* Siructure of the information
- ALOHA

» Motivation

» HELAS

» Automation

» Special Routine
S ificto MG
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UFO: MOTIVATIONS

» Avold multiple output model written by FR.




UFO: MOTIVATIONS

» Avold multiple output model written by FR.

© C. Degrande
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UFO: MOTIVATIONS

» Avold multiple output model written by FR.

© C. Degrande © C. Degrande
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UFO: MOTIVATIONS

» Avold multiple output model written by FR.

* Have the generator to adapt to the model and not the
OpposIte.




UFO: MOTIVATIONS

» Avold multiple output model written by FR.

* Have the generator to adapt to the model and not the
OpposIte.

- Avoid any possible limrtations
* color
* helicrty
* number of particles in a vertex

* gauge
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UrO

B e himimeceltor MGS [ GOLEM / Herwigt-F
* Python Object Oriented Model
* Easy to Interface with any code

» Standalone valid (python) model
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FORMAT

= Particle(pdg_code = 12,

antiname = "ve~',
spin = 2,

color = 1,

mass = Param.ZERO,
width = Param.ZERO,
texname = ‘ve',
antitexname = "ve',
chagrge—=_¢

eptonNumberN= 1,
GhostNumber 0)

ve__tilde__ = ve.ant1()

Automatic list creation (here all_particles)

jeudi 5 mai 2011



U era e

particles.py:

G = Particle(pdg_code = 21,
name = 'G/,
antiname ='G/,
spin = 3,
color = 8,
mass = 'ZERO',
width = 'ZERO',
texname ='G’,
antitexname ='G',
line = "curly’,
charge = 0,
LeptonNumber = 0,
GhostNumber = 0)

e O (U O)

lorentz.py:
VVV1 = Lorentz(name = 'VVV1',
spins =[ 3, 3, 3],
Structure =
'P(3,1)*Metric(1,2) -
P(3,2)*Metric(1,2) -
P(2,1)*Metric(1,3) +
P(2,3)*Metric(1,3) +
P(1,2)*Metric(2,3) -
P(1,3)*Metric(2,3)")
couplings.py:
GC_4 = Coupling(name ="'GC_4',
value ="'-G',
order = {'QCD"1})

vertices.py:

V_2 = Vertex(name ="'V_2',
particles = [ P.G, P.G, P.G ],
color =['(1,2,3)' ],
lorentz = [ L.VVV1],
couplings = {(0,0):C.GC_4})
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U era e

particles.py:

G = Particle(pdg_code = 21,
name = 'G/,
antiname ='G/,
spin = 3,
color = 8,
mass = 'ZERO',
width = 'ZERO',
texname ='G’,
antitexname ='G',
line = "curly’,
charge = 0,
LeptonNumber = 0,
GhostNumber = 0)

e O (U O)

lorentz.py:
VVV1 = Lorentz(name = 'VVV1',
spins =[ 3, 3, 3],
Structure =
'P(3,1)*Metric(1,2) -
P(3,2)*Metric(1,2) -
P(2,1)*Metric(1,3) +
P(2,3)*Metric(1,3) +
P(1,2)*Metric(2,3) -
P(1,3)*Metric(2,3)")
couplings.py:
GC_4 = Coupling(name ="'GC_4',
value ="'-G',
order = {'QCD"1})

vertices.py:

V_2 = Vertex(name ="'V_2',
particles =[P P.G,P.G],
color =
lorentz = [ L.VVV1],
couplings = {(0,0):C.GC_4})
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U era e

e O (U O)

particles.py:

G = Particle(pdg_code = 21,
name = 'G/,
antiname ="'G',
spin = 3,
color = 8,
mass = 'ZERO',
width = 'ZERO/',
texname ="'G’,
antitexname ='G/,
line ="curly’,
charge = 0,
LeptonNumber = 0,
GhostNumber = 0)

lorentz.py:
VVV1 =)Lorentz(name = 'VVV1',

spins=[3, 3, 3],

Structure =
'P(3,1)*Metric(1,2) -
P(3,2)*Metric(1,2) -
P(2,1)*Metric(1,3) +
P(2,3)*"Metric(1,3) +
P(1,2)*Metric(2,3) -
P(1,3)*"Metric(2,3)’)

couplings.py:
GC_4 = Coupling(name ='GC_4',
value ='-G/,

order = {'QCD"1})

vertices.py:

V_2 = Vertex(name ='V_2',
particles = [ P.G, P.G
color = [ 'f(1

lorentz @

couplings = {(0,0):C.GC_4})

G,
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U

el d

>

particles.py:
G = Particle(pdg_code = 21,

name ="'G’,
antiname ="'G/,
spin = 3,

color = 8,

mass = 'ZERO/,
width = 'ZERO,
texname ='G’,
antitexname ='G',
line = "curly’,
charge = 0,
LeptonNumber = 0,
GhostNumber = 0)

e O (U O)

lorentz.py:
VVV1 = Lorentz(name = 'VVV1',
spins =[ 3, 3, 3],
Structure =
'P(3,1)*Metric(1,2) -
P(3,2)*Metric(1,2) -
P(2,1)*Metric(1,3) +
P(2,3)*Metric(1,3) +
P(1,2)*Metric(2,3) -
P(1,3)*Metric(2,3)")

couplings.py:
(GC_4 = Qoupling(name = 'GC_4',

value ='-G',
order = {'QCD"1})

vertices.py:
V_2 = Vertex(name ="'V_2',
particles = [ P.G, P.G, P.G ],

color = [ 'f(1,2,3)'],
lorentz = [ L.VVV1
couplings = {(0
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U era e

particles.py:

G = Particle(pdg_code = 21,
name = 'G/,
antiname ='G/,
spin = 3,
color = 8,
mass = 'ZERO',
width = 'ZERO',
texname ='G’,
antitexname ='G',
line = "curly’,
charge = 0,
LeptonNumber = 0,
GhostNumber = 0)

e O (U O)

lorentz.py:
VVV1 = Lorentz(name = 'VVV1',
spins =[ 3, 3, 3],
Structure =
'P(3,1)*Metric(1,2) -
P(3,2)*Metric(1,2) -
P(2,1)*Metric(1,3) +
P(2,3)*Metric(1,3) +
P(1,2)*Metric(2,3) -
P(1,3)*Metric(2,3)")
couplings.py:
GC_4 = Coupling(name ="'GC_4',
value ="'-G',
order = {'QCD"1})

vertices.py:

V_2 = Vertex(name ="'V_2',
particles = [ P.G, P.G, P.G ],
color =['(1,2,3)' ],
lorentz = [ L.VVV1],
couplings = {(0,0):C.GC_4})
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PURPOSE OF ALOHA

* ALOHA = Automatic Language-independent Output of
Helicity Amplitude.

* |[dea: made BSM model implementation [00% automatic from
FeynRules to detector simulation.

« Color: reason for the new color module of MG5

« HELAS: Need an automation
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S TANDARD HELAS

- |dea: Evaluate « for fixed helicity of external particles.

M = uvy"v P, uy"v




S TANDARD HELAS

- |dea: BEvaluate « for fixed helicity of external particles.

M :@Y@PMV@Y@

> Nuwmber for a guven helicity




S TANDARD HELAS

- |dea: BEvaluate « for fixed helicity of external particles.

M :::<::>Yl(::>*ljlbbf<::>Yl<::>

> Nuwmber for a guven helicity

IX00X(P(8,1),ZERD,NHEL (1), +1%IC(1),W(1,1})
0XO0CKX(P(@,2 ), ZERD,NHEL (2) ,-1¥IC(2),W(1,2))
OO0 (P (8,3 ), MT ,NHEL(3),+1*IC(3),W(1,3))
IXO00XK(P(B,4 ) ,MT ,NHEL{4),-1*IC(4),W(1,4))
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S TANDARD HELAS

- |dea: BEvaluate « for fixed helicity of external particles.

M -G D®
> Nuwmber for a guven helicity

—» tvaluate Interaction by

interaction

IX00X(P(8,1),ZERD,NHEL (1), +1%IC(1),W(1,1})
0XO0CKX(P(@,2 ), ZERD,NHEL (2) ,-1¥IC(2),W(1,2))
OOOCOX(P(@,3 ) ,MT ,NHEL(3),+1*IC(3),W(1,3))
IXO00XK(P(B,4 ) ,MT ,NHEL{4),-1*IC(4),W(1,4))
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S TANDARD HELAS

- |dea: Bvaluate w for fixed helicity of external particles.

M -G D®
> Nuwmber for a guven helicity

—» tvaluate Interaction by

interaction

IX00X(P(8,1),ZERD,NHEL (1), +1%IC(1),W(1,1})
0XO0CKX(P(@,2 ), ZERD,NHEL (2) ,-1¥IC(2),W(1,2))
OO0 (P (8,3 ), MT ,NHEL(3),+1*IC(3),W(1,3))
LXCOK(P (@ ,4) ,MT NHEL(4) ,~1¥IC{4 ) ,W(1,4))

IO (W1 ,1),W(1,2),66,ZER0,ZERD,W(1,5))
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S TANDARD HELAS

- |dea: BEvaluate « for fixed helicity of external particles.

>
M -GOP@
> Nwmber for o givew helicity

—» tvaluate Interaction by

interaction

IX00X(P(8,1),ZERD,NHEL (1), +1%IC(1),W(1,1})
0XO0CKX(P(@,2 ), ZERD,NHEL (2) ,-1¥IC(2),W(1,2))
0XO00KX(P (8,3 ) ,MT ,NHEL(3),+1*IC(3),W{1,3))
LXOOK(P (@ ,4) 1T NHEL(4) ,-1¥IC{4),0(1,4))
IO (W1 ,1),W(1,2),66,ZER0,ZERD,W(1,5))

diagram 1 QED=2
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S TANDARD HELAS

- |dea: BEvaluate « for fixed helicity of external particles.

>
M -GOP@
> Nwmber for o givew helicity

—» tvaluate Interaction by

interaction

IX00X(P(8,1),ZERD,NHEL (1), +1%IC(1),W(1,1})
0XO0CKX(P(@,2 ), ZERD,NHEL (2) ,-1¥IC(2),W(1,2))
0XO00KX(P (8,3 ) ,MT ,NHEL(3),+1*IC(3),W{1,3))
LXOOK(P (@ ,4) 1T NHEL(4) ,-1¥IC{4),0(1,4))
JIOXK{W(1,1),W(1,2),66,ZERD,ZERD,W(1,5))
TOVIOX{(W(1,4),W(1,3),W(1,5),66,AMP(1))
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S TANDARD HELAS

 |dea: BEvaluate « from

impulsions and helicrty of
external particles.

* |: Evaluate Wavefunctions of
external particles

diagram 1

AXOEIP(8,1) ,ZERO,NHEL {1 ), +1¥IC(1),W{1,1))
0XCC0X (P (8,2 ,ZERD ,NHEL {2} ,-1*IC{2),W(1,2))
0XC0X(P (8,30 ,MT ,NHEL(3),+1%IC{3),W{1,3))
DXOOOX(P (8,4 ) MT NHEL{4),-1*¥IC{4),W{1,4))
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S TANDARD HELAS

 |dea: BEvaluate « from

impulsions and helicrty of
external particles.

* |: Evaluate Wavefunctions of
external particles

» 2 : Evaluate Wavefunctions
of internal particles
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S TANDARD HELAS

 |dea: BEvaluate « from

impulsions and helicrty of
external particles.

* |: Evaluate Wavefunctions of
external particles

» 2 : Evaluate Wavefunctions TR0OKK(7/(8,4) T MHEL (4),-141C(4), H(1,43)

B )| (1,1),%(1,2),G66,ZERD,ZERD w(1 5))

of internal particles (Lo, 42, NCL5), cs

* 3 : Evaluate the Amplitude
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ONE HELAS ROUTINE

{ gc{2) cZero )
cl = gl fo(3pfi{l)+fo4)*fi{2))
+gc {2y ( fo(1)*fi{3)+fo(2)*fi{4))
cl = —goc(1)*{ fo(3fi{2)fo4)*fi{1))
+gc {2y fo(1)*fi{4)+fo(2)*Fi{3))
cZ =( gc(i}*( fo(3}*fi(2)—f0(4)*fi(1)}
+gc {2y (-fo(1)*fi{4)+fo(2)*f1{3)) )*cInag
c3 = gc(i}*(-fo(S}*fi(1)+f0(4)*fi(2)}
+gc{2y{ fo(L)*fi(3)-fo(2)*fi{4))

d = d¥gc(l)

cl = fo(3WFi(L)+fol4)*fi(2)

cl = -fo(3)*fi{2)-fo{4)*fi(1)

c2 = { fo{3y¥fi(2)-fo{4)*fi(1))*cImag
C3 = -fo(3WFi(1)+fold4)*fi(2)

C Fabio's implementation of the fixed width
cm2=dcmp Lx{ vm2, -vmass*ywidth )

C cs = {q{8)ycA-q{l ycl-q{2 y*c2-q{3 *c3 ) vm2
cs = {q{8)y*cA-q{1 y*cl-q{2 y*c2-q{3 P*c3)/on2
jio{1l) = {cB-cs*q{@))y*d
jio(2) = {cl-cs*q{l))*d
jio{3) = (c2-cs*q(2))*d
jio{4) = {c3-cs*q{3))*d

d = demplx{ rOne/q2, rZero )
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PHYSICAL CONTENT

e | orentz structure associated to “e+ e- A’ vertex is ¥

* S0 the Associate Amplitude (IOV) will be:
—i Wi(e™) v Wy(e™) A,

» And the computation of the vector wavetunctions (JIO) is
_/L 77/U/

We(e™) v We(e™) —
Pa

* From the Lorentz structure it's easy to compute automaticaly
EEERRIEIEAS routine

jeudi 5 mai 2011



PHYSICAL CONTENT

e | orentz structure associated to “e+ e- A’ vertex is ¥

* S0 the Associate Amplitude (IOV) will be:
—i Wi(e™) v Wy(e™) A,

» And the computation of the vector wavetunctions (JIO) is
_/L 77/u/

Wi(e™) v Wy(e™) ]
* From the Lorentz structure it's easy to compute automaticaly

the HELAS routine

Hard to do in Python

jeudi 5 mai 2011



Vertices.py

V_15 = Vertex(name = 'V_15"
particles = [ Seikilde
color = [ 'Identity(1,2)' ],
lorentz = [ L.FFV1 ],

couplings = {(9,0):C.GC_1}D

|

-

V_16 = Vertex(name = "V_
particles = [ P MDY
color = [ 'Identity(1,2)' ],
lorentz = [ L.FFV1 ],
couplings = {(9,0):C.GC_1}D

6',
b__tilde

« l M

V_17 = Vertex(name = 'V_17",

particles = [ P.e__plus__, P.e__minus

UrO

PisgiPaRods,

P.b, P.A ],

J—

Palds

© www.ClipProject.info

Lorentz.py

S§SS1 = Lorentz(name = 'S551°7,
spinsw [ 12 3210
structure = '1")

FFS1 = Lorentz(name = 'FFSI1°',
spins = o2 2,34,
structure = 'Identity(1,2)")

= Lorentz(name = 'FFVI1',

spins = [ 2, 2 1,
structure = (Gamma(3,2,1)"

jeudi 5 mai 2011



 |dea: BEvaluate « from

impulsions and helicrty of
external particles.

* |: Evaluate Wavefunctions of
external particles

diagram 1

AXOEIP(8,1) ,ZERO,NHEL {1 ), +1¥IC(1),W{1,1))
0XCC0X (P (8,2 ,ZERD ,NHEL {2} ,-1*IC{2),W(1,2))
0XC0X(P (8,30 ,MT ,NHEL(3),+1%IC{3),W{1,3))
DXOOOX(P (8,4 ) MT NHEL{4),-1*¥IC{4),W{1,4))

jeudi 5 mai 2011



S TANDARD HELAS

 |dea: BEvaluate « from

impulsions and helicrty of
external particles.

* |: Evaluate Wavefunctions of
external particles

» 2 : BEvaluate Wavefunctions LX00O(P (8,4) MT ,NHEL (4),-1¥IC(4),8(1,4))
l. , @ (1,1),%{1,2),6C_5,ZERD, ZERO, W(1,5))
of Internal particles

jeudi 5 mai 2011



S TANDARD HELAS

- |dea: Evaluate » from
impulsions and helicrty of

external particles.
* 1 Evaluate Wavefunctions of e 3
external particles
LXO0OX(P(@,1),ZERD,NHEL (1), +1¥IC{1),W(1,1))

00000 (P (@, 2 ), ZERD,NHEL (2 ) ,-1*IC(2),W(1,2))
OOO0OK(P(@,3 ), MT ,NHEL (3 ), +1*¥IC(3),W(1,3))

- 2 : Evaluate Wavefunctions " Z0X60,4),H,WeL(),-4#Ic(s) ¥t 1)

' (Efii}sgw(1,1},w(1,2},cc_5,zsRo, ZERD, W(1,5))

of Internal particles

V_36 = Vertex(name = "X 36°',
particles Pouiakiddens: Pouss P 1
color = [ 'TC3,.20)'" 1,
lorentz = [ L 1p
couplings = {(9,9):C.GC_5})
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sl Byal

impulsions and helicrty of

external

* 1: BEvaluat

external

» 2 : Evaluate Wavefunctions
| | Frva(3)u(1,1),4(1,2),6C 5, ZERO,
of internal particles

S TANDARD HELAS

uate » from

harticles.

e Wavefunctions of
particles

diagram 1

IX0OX(PA@,1Y,ZERD ,NHEL (1) N1*IC(1),W(1,1))
0X00OX(P (8,2 ), ZERD ,NHEL (2 ), *IC(2),W(1,2))
P(@,3),MT,NHEL(3),+1*I5(3),W(1,3))
P84, MT ,NHEL (4, -L¥ICY4 ), (1,4))
RO, W(1,5))

V_36 = Vertex(name = 'V_36",
partces— [Pu L lde__ P.u,@l,
color = [ 'T(3,2,1)' ],

0rentz SN B =S ffVl ]
couplings = {(9,9):C.GC_5})
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S TANDARD HELAS

 |dea: BEvaluate « from

impulsions and helicrty of
external particles.

* |: Evaluate Wavefunctions of
external particles

» 2 : Evaluate Wavefunctions
of internal particles

* 3 : Evaluate the Amplitude

LXO0OX(P (8,2 ), ZERD ,NHEL (1), +1%¥IC{1),W(1,1))
000X (P (@2 ), ZERD,NHEL (2 ) ,-1¥IC(2),W{1,2))
000X (P A, 3 ) MT ,NHEL(3),+1%IC{3),W(1,3))
LXO00X(F(8,4) ,MT ,NHEL(4),-1*IC(4),W(1,4))

FRYL_3(W(1,1),%(1,2),6C_5,2ER0, ZERO, W(1,5))

. 1,4),!.4{1,3),!.-.'(1,5),60_5
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ONE ALOHA ROUTINE

E This File is Automatically generated by ALOHA
C The process calculated in this file is:

C Gamma{3,2,1)

C

| FFY_8{F1,F2,v¥3,C,VERTEX)
IMPLICIT NONE
DOUBLE COMPLEX F1{6)
DOUBLE COMPLEX F2(6)
DOUBLE COMPLEX Y3{6)
DOUBLE COMPLEX

DOUBLE COMPLEX

VERTEX = C*( (F2(1)*( (F1(3)*( (6, -1}*93(1)+(8, 1)*93(4)))
§H(FLEAYR( (8, 1)W3(2)V3EIN+( (F2(2)*( (FL(Y( (B, 1)
§ M3(2)V(3))H(FLEATR (8, -LIRE(LY(B, ~1IW3(4)))))

0 +{ (F2(3YR( (FLQ( (8, -L)W3(L)+(B, -1)W3(4)))+(FL(2)
0 #( (B, -LYV3(2)-VI(3)0) )+ (FR(4 R (FLALY*( (B, -L)W3(2)
0 V3EENHFLEI (B, “1WEL)(B, 1)W3(4))))00)
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ALOHA FEATURE




ALOHA FEATURE

« ALOHA IS PURE PYTHON and standalone




ALOHA FEATURE

« ALOHA IS PURE PYTHON and standalone

> ALOIHA SHTASTE




ALOHA FEATURE

« ALOHA IS PURE PYTHON and standalone
« ALOHA IS FAST

NI Ss and MSSM in 5s




ALOHA FEATURE

« ALOHA IS PURE PYTHON and standalone
« ALOHA IS FAST

NI Ss and MSSM in 5s

* Possible to ask a subset of routine (Done in MG)5)




ALOHA FEATURE

» ALOHA IS PURE PYTHON and standalone
- ALOEA ATl
B ERES s aRc MSSM In 5s
* Possible to ask a subset of routine (Done in MG)5)

RPN Python / Fortran / C
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ALOHA FEATURE

« ALOHA IS PURE PYTHON and standalone

« ALOHA IS FAST
NI Ss and MSSM in 5s

* Possible to ask a subset of routine (Done in MG)5)

RPN Python / Fortran / C

B ttElEs spin Implemented Scalar Fermion Vector SpinZ

jeudi 5 mai 2011



SPECIAL ROUTINE

* Fermion clashes routine

—’
"
-
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-
-
-
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-
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u ~~. ~U

Denners method




SPECIAL ROUTINE

* Fermion clashes routine

) 4
"—’
d ~d ’—"
"
"‘—
""—
“

Denner's method 4

/ <
]




SPECIAL ROUTINE

* Fermion clashes routine

) 4
"—’
d ~d ’—"
"
"‘—
""—
“

Denner's method ~gl

/ .
]




SPECIAL ROUTINE

» Fermion clashes routine: Denners method

Mu|t| AI_‘QHA routine;

UTINE FFYZ2_4 3(F1, FZ2, COUP1,COUPZ, M3, W3, V3)
IHFLIIIT NONE
DOUBLE COMPLEX F1(©)
DOUBLE COMPLEX FZ(0)
DOUBLE COMPLEX VZ2(©)

DOUBLE COMPLEX ,
NAELE PRECTCION VERY IMPORTANT
Dlé:ll:iE:LE COMPLEX ’ fOI” Z vertex

DOUBLE PRECISION (0:3)
DOUBLE COMPLEX (6)
INTEGER

CALL FFV2_3(Fl, F2, COUP1, M3, W3, V3)
CALL FFVA_3(F1l, F2, COUPZ, M3, W3, TMP)
DO I=1,4

V3(I) = V3(I) + TMPCID
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UFO/ALORHA IN MG5S




UFO/ALORHA IN MGS

« UFO Is the default model




UFO/ALORHA IN MGS

« UFO Is the default model

* Only Model with Full Option




UFO/ALORHA IN MGS

« UFO Is the default model
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UFO/ALORHA IN MGS

» UFO s the default model

* Only Model with Full Option

* MG5S provides a way to display the UFO model
» MGS provides a way to restrict the UFO model

« MG5 Is able to convert the UFO model to fortran/C++
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UFO/ALORHA IN MGS

» UFQO Is the default model

* Only Model with Full Option

* MG5S provides a way to display the UFO model

» MGS provides a way to restrict the UFO model
BMESRScble to convert the UFO model to fortran/&rss

* ALOHA Is call on the fly, producing only the require routine
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VALIDATION

MmgS>>Import model RS
megs>>check full pp > |y
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VALIDATION

MmgS>>Import model RS
megs>>check full pp > |y

Gauge resul ts:
Process

matrix
1.8683095475e-01
1.0362448363e-01
2.8272143597e-02
4.5915433103e-02
1.3332000651e-01
5/5 passed, B/5 failed
Lnvariance resul ts:
Min element
1.63159372645e-01
5.488337657%e-02
8.6665926610e-02
7. 242801 0586e-02
1.9486048850e-01
5/5 passed, 0/5 failed
permutation resul ts:
Min element
1.5553069593e-01
5.7074291856e-01
3.478927031%e-02
2.6458706223e-02
4.3115116220e-02

e i o bl

ummary: 5/5 passed, 0/5 fairled

BRS

1.6773491777e-32
9.9704252699e-33
1.4322084933e-30
2.0443492610e-33
2.8262323035e-33

Max element

1.6315932045e-01
5.4883376579e-02
8.6665920010e-02
7. 249801 0580e-07
1.9486048850e-01

Max element

1.5553069593e-01
5.7674291850e-01
3.4789270319e-02
2.6458706223e-02
4.3115116220e-02

ratio
8.9778975805e-32
9.6216887363e-32
.B057937854e-2
. 75917307 73e-3
.1198861127e-3

Passed
Passed
Passed
Passed

NN

Relative diff.
0.80453302]1 7e-
2.20573062622¢e-
1.1209078176e-
9.5711507775e-
4.27314575]11e-

Resul t
Passed
Passed
Passed
Passed
Passed

Relative diff. Resul t
1.7845721997e-14Q Passed
1.3474913904e-19} Passed
5.9830499934e-10\Passed
5.2450742266e-16
0.4375509216e-10
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VALIDATION

« MG4/MG5 validation:

N ANMSS MY FIEET /RS more than 4000 preEesses

» MGS/analytical (SLIH):

AT’

I'sm

007 |
0.06 |
005 |
0.04 |
003 |
002 |
001 |

0.00 ‘

—— Analytic

+  UFO+ALOHA+MG5 -
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PERSPECTIVE

* Spin 3/2
> (G

- More special routine




CONCLUSION

» UFQO: Fully complete easy model
» UFQO: Easy format to dealt with

* ALOHA: The Helas routine for BSM without the pain to write
it.

* Fully interfaced with MGoS.
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