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Fields and superfields (1).

@ Supported fields.

Scalar fields.

Dirac and Majorana fermions [ ]-
Vector (and ghost) fields.

No spin 3/2 (*).

Spin two fields ().

R I R R 3

Is this relevant / enough for the implementation of
supersymmetric theories.

Yes, but ... let us investigate two short examples.

(*) not considered to date, but might be relevant for supergravity or gauge-mediated supersymmetry breaking.
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Fields and superfields (2).

@ Superpotential.

* Terribly expressed in terms of components fields,
i. e. scalars, Dirac and Majorana fermions, vector fields (12 terms):

Lw D (ye);j [ER"ZJ' - Frp, + ERiHD . FLj +1- HDFE
+ Er/ (B PLtbrp) + T - (up Puvve’) + ($e Puod) - Hip |

* Not very nicely expressed in terms of components fields,
i. e. scalars, Weyl fermions, vector fields (12 terms):

Ew D (ye);j [ER’ZJ . FHD + ERiHD . FLj +Zj . HDFE
+ER'(xt/ - Hp) + L - (Hp - xe") + (xe' - x/) - HD]
* Naturally expressed in terms of superfields (1 terms):

Lw D [— (y®); E" (L - HD)]

6.6
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Fields and superfields (3).

@ Superpotential.

* Terribly expressed in terms of components fields,
i. e. scalars, Dirac and Majorana fermions, vector fields (12 terms):

Lw D (ye),-j [ER"ZJ' . FHD + ERiHD . FLj +Zj . HDFE
+ Er! (B PLtbrp) + T - (up Puvve’) + ($e Puod) - Hip |
* Are the charge conjugated fields correct?

* Are the signs in the fermion flows correct?

* The superfield formalism seems more convenient...

Lw O [— (v®); E' (L - HD)]

0-0
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Fields and

superfields (4).

@ Kinetic terms and gauge interactions.

*

Terribly expressed in terms of components fields: i. e. scalars, Dirac and
Majorana fermions, vector fields (13 terms):

Liyin D ... [Censured: too ugly to appear on a slide].

Not very nicely expressed in terms of components fields,
i. e. scalars, Weyl fermions, vector fields (13 terms):

~ ~. i . . )
Liin D D.QI D" Q' + 5(xqo" DuXai — Duxqo"Xei) + FhiFh
=k ok ~. =a T? ~.
'\[[ g QB-xoi +eW "XQi Q' +gG -20;70’ +h.c ]
- &'DsQ Q' —gDWkQT ‘T DgaQT el
Naturally expressed in terms of superfields (1 terms):

Liin D [QTeQ%g’VBe_Qngk e—28Vea o QI]
1

0-00-0
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Fields and superfields (5).

@ Kinetic terms and gauge interactions.

* Not very nicely expressed in terms of components fields,
i. e. scalars, Weyl fermions, vector fields (13 terms):

I _ _—— .
Liin O DLQI D" Q' + 5 (X" DuXaqi — Duxo"Xai) + FoiFb

—k ok ~ = a

. a T2 ~.
'\f[ gQB Xqi +&W xo, Q'+ &G -20;7Q’+h.c.]

-g DBQTo'ngWkoT i gsDGao* o]

* Atre all relative signs and factors of / correct
(especially in the non-gauge-like interactions)?

* Four-component fermions... (They are a pain, but required for MCs).

* The superfield formalism seems more convenient...

‘Ckin 35 [Q?e—2ég/VBe—2gVWk 0 _2gsVGa Ql]

0-00-0
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Motivation and plans.

Natural to implement any supersymmetric theory.
Zero probability to introduce wrong signs, i factors,...

* Could be a useful tool for model building.

(not only a Lagrangian translator).

* Convenient for many possible extensions (RGEs, ...).

* Available in the development version for ... yesterday.
Validated! vs. an exercise textbook [BenjF, Rausch (in press)].

Will be publicly available in early 2011.
Manual.
First pheno applications: FR-SF > MG5.

* Already two scheduled extensions (2011).
RGEs [Alloul, BenjF, Rausch].
Gravitino/Goldstino in FEYNRULES [BenjF].
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Outline.

e The superfield module of FEYNRULES.
@ Superfields and superspace.
@ Supersymmetric lagrangians.
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Superspace.

@ Superspace: adapted space to write down SUSY transformations naturally.
@ Basic objects and their FEYNRULES (hardcoded) implementation.
* The Majorana spinor (6,0) = a superspace point = G(x, 6, ).

* The transformation parameters, the Majorana spinor (¢susy,ésusy)-

W[1000] == W[2000] ==
ClassName -> theta, ClassName -> epsSUSY,
Chirality -> Left, Chirality -> Left,
SelfConjugate -> False} SelfConjugate -> False}

* The supercharges (Q, Q): action to the left = G(0,¢,8)G(x, 6, 0).
* The superderivatives (D, D): action to the right = G(x,0,0)G(0, ¢, &).
Qo = —i(Ba + i0*0a0%8,)  and Qg = i(Fa + i0%0H 0ady)

Do = 8o — ic"040%8,  and Dy = 84 — i0%0" 60, -

Qo (exp) and Qg (exp) Dy (exp) and Dg (exp)
QSUSY  [exp_, alpha_] Dtheta  [exp_, alpha_]
QSUSYBar [exp_, alphadot_] Dthetabar [exp_, alphadot_]
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Superfields.

@ N =1 SUSY: three types of multiplets with complex transformation laws.
* Matter: one scalar field ¢, one Weyl fermion y, one auxiliary field F.
dep = V2e -9,
8etp = — iV20HED, ¢ — V2Fe |
8eF = — iV20,p0tE
* Gauge: one Majorana (), 1), one gauge boson vy, one auxiliary field D.
Sevy = i(eouX — Aoué)
1
8:A = iDe + S0M5 eFuy
5D = ea" O + Aot E
vy = vﬁ Ta, ..., T, being some representation of some Lie algebra.

* Gravity: one Rarita-Schwinger, one spin-two and some auxiliary fields.

[see later in this talk].
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Superfields: the chiral superfield (1).

@ Most general expansion in the 0,9 variables satisfying D ®(x, 0,0) = 0.
d(x,0,0) = d(y) + V20 - p(y) — 0 - 0F (y) where y* = x* — ifo+0 .

* Describes the matter multiplet.

* One scalar field ¢, one Weyl fermion x, one auxiliary field F.

Chiral superfield - up-type Higgs doublet

CSF[1] ==
ClassName -> HU,
Chirality -> Left,
Weyl -> huw,
Scalar -> hus,
QuantumNumbers -> {Y->1/2},
Indices -> {Index[SU2D]},
FlavorIndex -> SU2D}

4

* The scalar and Weyl fermionic fields must be declared properly.

* The auxiliary field will be automatically generated, if not present.
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Superfields: the chiral superfield (2).

@ Expansion in superspace with FEYNRULES: &(y,0)=¢(y)++v20-4(y)—0-0F(y).
in[12]= SF2Conponent s [HU] [[1]1]
1 _ _
outf1z}= hus + \/2795;::51- huwgpsy - FTer md 6sps1. Osps1 — A Omus1 [Omus1 [hUS] ] Bsps1- Ospst Bspsidot - Ospsidot —

i Omust [NUMkps1 ] Bspsidot Osps2- Ospsz (™) o) (ot
A2

inpg)= Do [l f [ SF2Conponents[HUI[[2, i]] =!=0, Print[i, "::", SF2Conponents[HUI[[2, i 1111, {i, 1, 9}1

i Omus1 [NUS] Osps1. Bspsidot (™) (g1 ogianr *

1:: hus

2::1/2 huwgy phasi4236

41— i Omusaasrs [hus ]

5:: -FTerm}
i $1
B 1 Omus1 [huWeps: | (U"u )spsl,al phadot $15940
V2
1

9:: = 2 Omus1 [Oms1 [hus] ]

* FTermy was automatically generated.
* Automatic y-expansion.

Supersymmetry with FE ] Benjamin Fuks d Workshop @ V.U. Brussels - 06.10.2010 - 13
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Superfields: the chiral superfield (3).

@ SUSY transformation laws:
* In terms of superfields: §.®(x,6,0) =i(c- Q + Q- &) - ®(x,6,0) .

* In terms of component fields (depending on y, not x):

Sep =V2e-1b, Setp = —iV20HE8,0—V2Fe, 8. F = —iv28,0"E .
* With FEYNRULES:
inel= tnp = SF2Conponent s [HU] [[1]1;
t np2 = Expand [l = NC[epssusy [sp3b], Expand [QSUSY[ToNC[tnp], sp31]] Ueps[sp3, sp3b]];
SF2Conponent s [t np2][[2, 11]
SF2Conponent s [t mp2] [[2, 2]] / Sqrt [2]
SF2Conponent s [t mp2][[2, 5]] / (-1)
outfs] \/Z—hUVVsp$1-ePSSU5Ysp$1

oufgl= -2 FTer md epssusy, phasaos1

outf10)= 0

* ToNC breaks dot products and the NC structure keeps fermion ordering.
* Ueps corresponds to the antisymmetric tensor with upper indices.
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Superfields: the chiral superfield (3).

@ SUSY transformation laws:

* In terms of superfields: 6.®(x,0,0) =i(s- Q+ Q-&)- ®(x,0,0) .

* In terms of component fields (depending on y, not x):

b = V2, betp = —iV20'E0up—V2Fe, 8.F = —iV20u¢0tz.

* With FEYNRULES:

inf15)= tnmp = SF2Conponent s [HUJ [[1]];
tnmp2 = Expand [| * NC[Expand [QSUSYBar [ToNC[t np], adot 1], epssusybar [bdot ]] Ueps [adot, bdot]1;
SF2Conponent s [t mp2] [[2, 1]]
SF2Conponents [t mp2] [[2, 2]] / Sqrt [2]
SF2Conponent s [t np2] [[2, 511 / (-1)

oua7)= 0

) i $1
oufigl= -1 V2 Omsi[hus] epssusygpsigor (0™) pha$4408, spsidot

) + 1
ou9= —1i V2 Omsi [NUVkps1]. €PSSUSYLpgiaor (0™® )spsllspsmol

* ToNC breaks dot products and the NC structure keeps fermion ordering.
* Ueps corresponds to the antisymmetric tensor with upper indices.
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Superfields: the vector superfield (1).

@ Expansion in the 0, 0 variables satisfying ® = ®T in the Wess-Zumino gauge.

_ _ _ _ 1 _
Sy 7. (x,0,0) = 0c"0v, +i0-00-X—i6-00- X+ §9~9 6-60D .
* Describes the gauge multiplet.

* One Majorana fermion (A, )), one gauge boson v, one auxiliary field D.

Associated gauge group

Vector superfield for SU(2), SUDL ==

VSF[1] == Abelian -> False,
ClassName -> WSF, GaugeBoson -> Wi,
GaugeBoson -> Wi, CouplingConstant -> gw,
Gaugino -> wow, SF -> WSF,
Indices -> {Index[SU2W]}, StructureConstant -> ep,
FlavorIndex -> SU2W} Representations > {...},

Definitions -> {.. '}},

* The Weyl fermionic and vectorial fields must be declared properly.

* The auxiliary field will be automatically generated, if not present.

Supersymmetry with FEYNRULES Benjamin Fuks - MADGRAPH 2010 Workshop @ V.U. Brussels - 06.10.2010 -



FEYNRU -superfields
0000000000

Superfields: the vector superfield (2).

@ Expansion in superspace with FEYNRULES:
<I>:90“9vu+i9-99~)\—i9~09-)\+%9-90~9D.
in21= tnmp = SF2Conponent s [WSF[ii 1]1[[1]1]
ouf21)= — 1 Bsps1. WOWsp$1, SU2vB1001 Ospsidot - Ospsidot + 1 Ospsi- Ospsi V\lepsmoL SUV1001- Ospsidot +
1 _ _ _ ;
2 Osps1- Osps1 Ospsidot - Ospsador DTN MRij + Ospg1. Ospsadot (0""$1)sp$1.sp$1dm W g1, suzve1001
inz2= Do[l f [SF2Conponent s [WBF[ii 11[[2, i1] =!= O,
Print[i, "::", SF2Conponents [WSF[ii1][[2, i]111, {i, 1, 9}]
41t W mugs793, sLevs1001
7:1 i wow phadot $6369, SU2V$1001
8! — 1 WOW,| phas6657, SU2V$1001

DTer n2;;
2

* DTermy was automatically generated.
* The index naming scheme is optimized, for readibility.

Benjamin Fuks 4 Workshop @ V.U. Brussels - 06.10.2010
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Superfields: the vector superfield (3).

@ Properties of the vector superfield:

1 - =
T 50-00-0v¥v, o3, , =0

SF2Conponent s [WBF[ii ] WSF[jj11[[1]]

i _ _ ’ ’
out[23]= 2 Ospst- Ospst Ospsidot - Ospsidot W mus1, seve1001 W musi, suovs1002
Inf24= SF2Conponent s [WBF[i i ] WBF[jj 1 WBF[kk]1[[1]]

out24]= 0

@ The superfield strength tensor is built from associated spinorial superfields:
1- - - 1 -
W, = —ZD .D e%VDye 26V, W, = —ZD -D e 28V D,e%V.
Wa, (Wa)ij, Wy and (Wy);
Sca2SpinL[ superfield, lower spin index ]
Sca2SpinL[ superfield, spin index, gauge index, gauge index ]

Sca2SpinR[ superfield, lower spin index ]
Sca2SpinR[ superfield, spin index, gauge index, gauge index ]

Supersymmetry with FEYN Benjamin Fuks - MADGRAPH 2010 Workshop @ V.U. Brussels - 06.10.2010 - 17
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Superfields: the vector superfield (4).

@ Spinorial superfields:

Waly,0) = —2¢ (—i,\a + [— é(a“&”é)aFW + QaD] —0. G(UHDHX)Q)

ins}= tnp = SF2Conponent s [Sca2Spi nL[WSF, al pha, ii, jj11;
Print["1 :: ", tnp[[2, 1]111;
Print["2 :: ", tnp[[2, 2]111;
Print["4 :: ", tnp[[2, 4]111;
1 0 2 gwNC[WOWy pha, stovsr ] Tadj [SU2WSL, i, j]
2 :: -29gyDTer m2sipyg Tadj [SU2WBL, i, jj ] - 1 gw sz [W mus1, suovs1]
mis1 5me2
NC[TensDotZ“o )a‘pha‘spudm. (o )sp$1d0l,a\pha$1585J [{down, Left, al pha}, {up, Left, al pha$1586}]J
Tadj [SU2WL, i, jj ] +1 QwOnus2 [W nus1, suovs1 ]

NC[TensDot 2 { (o™32) (6W$1) } [{down, Left, al pha}, {up, Left, al pha$1586}] ]
al pha, sp$idot ’ sp$idot , al pha$1586 ! ! P ! % ! p
Tadj [SU2VBL, i i, jj] + i g% ePsiovs, swevsz, suzvss

mis1 2
N(:[TensDotZ[(U )a\pha,5p$ldol' (0 )5p$1d°‘va\pha$1585] [{down, Left, al pha}, {up, Left, al pha$1586)]]

Tadj [SU2WB3, i1, jj 1 W ms1, siever W nus2, suovs2
4 1 2gwNC[Onus1sss [WOWal pha, stews ] ] Tadj [SU2WBL, i, jj ]

* FEYNRULES has performed the y-expansion.
* Spinors with non-lower spin index are embedded in a TensDot2 structure.

* Tadj matrices automatically added: D = D?T?2, ...
0 Workshop @ V.U. Brussels - 06.10.2010 - 18
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Superfields: the most general superfield.

@ Most general, reducible, expansion in the 6,9 variables:
®(x,0,0) = z(x) +0 - &(x) + 8- C(x) +0-0f(x) + 8- Og(x)+
000 vy (x) +0-00-w(x)+0-0-0-5(x)+0-00-0d(x).
scalars: z,f, g, d, Weyl fermions: &, ¢, w, p, vector: v.

* Not implemented by default.
* Can be added easily with the use of the NC environment.

* All the fields must be declared explicitely.

z + NC[thetalsp],xil[sp2]] Ueps([sp2,sp]l + ... J

Benjamin Fuks - MADGRAPH 2010 Workshop @ V.U. Brussels - 06.10.2010 - 19
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Superfield strength tensors - SFSTs (1).

@ Each vector superfield is attached to one gauge group.

@ Vector superfields interactions are obtained by calculating SFSTs.

* Abelian groups.
1. 1o o
L= ZW Wa|99+ZWdW |é§
1 WV 4 iNGH L2
= —*F}“,F + iAG (9,,,)\+*D .
4 2
* Non-abelian groups.

1

= TH(WeW,
16g21 r( «

+ -
)\99 16g27»
1 a nz FY =M a 1 a

= fZF‘WFa +iXac" Dy +§D3D

= Interactions between gauge-bosons and gauginos.

@ Automatic extraction of the SFSTs of a model:

GetSuperFS[]

Supersymmetry with FEYNRULES Benjamin Fuks - MADGRAPH 2010 Workshop @ V.U. Brussels - 06.10.2010 -
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Superfield strength tensors - SFSTs (2).

@ Abelian superfield strengths:

1 - 1
L= — ZFWF*“’ + iIAGPON + 5D2 .

in[7]:= Get Super FS[]

Super FS[WBF, Fal se] Super FS[GSF, Fal se]
+

16 g2 tsuac

1
 Super FS(BSF, True] +

Out[7]
16 g3 sl
inp1gl= tnp = SF2Conponent s [%7[[1]1];
tnp[[2, 5]1 +tnp[[2, 6]]
DTermi? 1 , 1
ouf19)= ———— = — Omus2 [Brus1 ] + 2 Omus2 [Brus1] Omusi [Brus2 ] +

2
EJibo 3 [bo s ] (c"““) 7£]‘L@ [bo 1. bow/, (o’“‘“)
2 Weps1- Omusa | DOWsps1dor spst, spstdot ~ 5 L Omust Weps1 ] - DOWspg1dot spS1, sp$ldot

Workshop @ V.U. Brussels - 06.10.2
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Superfield strength tensors - SFSTs (3).

@ Non-abelian superfield strengths:

1 < 1
L= = Fo, FiY X" DX + S DaD? .

ini6l= tmp = SF2Conponent s [%7[[2]11;
tnp[[2, 5]] +tnp[[2, 6]]

1 1
out[17}= 5 Onusz [W mus1, sieve1 ] % + 5 Omus2 [W nus1, suever ] Omust [W nus2, siavea ] +

DTer m3pvg1 1

i 51
) - i Omus1 [WOWsps1, suovist | - WOWs ps1dot , Suzvs1 (U"u >5p$1‘sp$1dol *

1
. i $1
2 1 WOWsps2, siav1- Omust [WOWspfsmm ) suzvm] (0"" )sp$2, spsidot

; i $1 y
> 1 Qw WOMkps1, stver- WOWSpsodor, suzvs2 €Psuzvst, szvez, sueves (O )spu‘ sp$2dot W nus1, suavss ~

. + R ’
2 i Qu WOMkps2, szvet- WOWsps1dot, suzve2 €Psuavst, suzve, suves (O >5p$2‘ sp$ldot W s, stoves +

Ow Omus2 [W nus1, sieve1] €Psipvgt, siovs2, suoves W must, sievs2 W nus2, siovss —

Z g €Pswovs1, stevs2, sievss EPsuavga, stovss, sieves W must, siever W onust, suovea W nus2, sievs2 W mus2, stevss

Supersymmetry with FEYNRL Elull H 2010 Workshop @ V.U. Brussels - 06.10.2
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Kahler potential (1).

@ The Kahler potential contains kinetic terms for the chiral superfields.

L= [qﬁ(x, 9,0)e 208 VB 26V o —28:V6 o (x, 9,5)]

0-06-0
= Gauge interactions.
* The vector superfields contains the proper representation matrices.

@ Automatic extraction of the Kihler potential of a model:

n2oj= Getkins[]

out20)= Get SFKi neti cTer ms [DR] + Get SFKi net i cTer ms [ER] + Get SFKi neti cTer s [HD] + Get SFKi neti cTer ns [HU] +
Get SFKi neticTernms [LL] + Get SFKi neti cTerns [QL] + Get SFKi neti cTerns [UR] + Get SFKi neti cTer ms [VR]

Supersymmet: i "EYD S Benjamin Fuks ] Workshop @ V.U. Brussels - 06.10.2
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Kahler potential (2).

@ Right electron kinetic Lagrangian:
L= Dy D6 — 5 (Db — 5 D) + iV2gX - D Tog — iV 250! Totp - X°
+ FFT — gD T .

Inj20)= Getkins[]

outz0)= Get SFKi neti cTer ms [DR] + Get SFKi neti cTer s [ER] + Get SFKi neti cTer s [HD] + Get SFKi net i cTer ns [HU]
Get SFKi neticTerns [LL] + Get SFKi neti cTerns [QL] + Get SFKi neti cTer ms [UR] + Get SFKi neti cTer ns [VR]

inj23)= SF2Conponents [Getkins[]1[[2]1]1[[2, -1]]

out[23= %amm [ERS cens1 ] Omust [ ERSfens | §6w$1 [Onus1 [ERs fens | | ERS censt
i 9" Brus1 Omus1 [EFSZEMN] ERSeans1 + 1 V2 @ bOWSTpMdol . ER‘NSTpMdol ,aens1 ERScenst -
%@rmﬂ [Omus1 [ERScens1] ] ERSensy + 1 0" Brust Omus1 [ERS cens1] ERS s -
i1/2" 9" ERWps1, cers: DOVsps: ERS Loy — DTer L g ERS e ERS Levsy + (97) % BRuss ERScens: ERSlewss +

1
FTer n¥cens1 FTer n gy - 2 i Oust [ERWeps1, censt ] - ERW g0t censa (Gwm)spsl‘ spsidot

i i $1
Z" ERWeps1, Genst- Omus [ ERM ps1dor, cens1 | (0™ )sp$1,sp$1dol -

0 I nus1
9’ Brus: ERWsps1, cens1- ERWpg1dot, censt (O )spuspudm

Supersymmeti i "E ] Benjamin Fuks d Workshop @ V.U. Brussels - 06.10.2010 - 24
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Full SUSY Lagrangian (1).

@ Complete Lagrangian for a model.

1 - -
Tr(WO‘ WO‘)‘QZ + 7TF(W@WQ)|§2

_ T ,—2gV
L=ofe Ve 4+ Togm

16g2TR
+ W(q))\ez + W*(¢T)|é2 +Lsoft

Chiral superfields kinetic terms: automatic.
* Vector superfield strengths: automatic.
* Superpotential: model dependent.

* Soft SUSY-breaking Lagrangian model dependent.

SUSY Lagrangian

SF2Components [Getkins [1]1[[2,9]] +

SF2Components [GetSuperFS[] + SuperPot][[2,5]] +
SF2Components [GetSuperFS[] + HC[SuperPot]][[2,6]] +
LSoft

Supersymmetry with FEYNRULES Benjamin Fuks - MADGRAPH 2010 Workshop @ V.U. Brussels - 06.10.2010 -
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Full SUSY Lagrangian (2).

@ Solution of the equation of motions.

* Get rid of the auxiliary D- and F-fields.

Equations of motion

lagr = SolveEgMotionD[ lagr 1 ;
lagr = SolveEgMotionF[ lagr ] ;

@ Back to four-component fermions.

* Usual FEYNRULES routine.

Four-component fermions
lagr = WeylToDirac[ lagr ] ; J

Supersymmetry with FEYN _ES Benjamin Fuks [ADGRAPH 2010 Workshop @ V.U. Brussels - 06.10.2010 - 26
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Full MSSM Lagrangian.

ine- lagr = Lag;

Generation of the superfield strengths

o superfield strength generated in 3.91 s.
++ VSF superfield strength generated in 41.06 s
4+ GSF superfield strength generated in 38.46 s.
Achi eved!

Generation of the Kaehler potential

++ DR kinetic terms generated in 5.11 s

++ ER kinetic terms generated in 2.17 s

++ HD kinetic terns generated in 5.07 s

4+ HU kinetic terns generated in 5.06 s

s kinetic terns generated in 5.18 s

w+ QL kinetic terms generated in 9.83 s.

++ UR kinetic terms generated in 5.36 s

++ VR kinetic terms generated in 0.45 s

Achi eved!

Generation of the superpotential achieved in 15.43 s.
Generation of the soft SUSY-breaking Lagrangian achieved in 0.s.
D-equations of notion solved in 2.48 s
F-equations of notion sol ved in 65.09 s.

Transformation to Dirac fermons

*» Renmoval of color antifundamentals in 0. s
++ First optimization of the index naming scheme done in 0.87 s
+= Expansion of the SU2L indices done in 93.6 s,

M

Second opt

Transforming Viéyls into Diracs done in 285.72 s.

Fi nal on of the index naming scheme done in 9.59 s.

optim zat

Achi eved!

tion of the index naming scheme done in 8.88 s.
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Outline.

e Extensions

@ RGEs.
@ Gravitino, goldstino.
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Extensions
[ o]

Automatized extraction of the RGEs (1).

RGEs [Alloul, BenjF, Rausch].

@ SUSY Lagrangians at low energy.

* Contains free parameters.
* Example: 105 for the MSSM.
* Loss of predictivity.

@ SUSY Lagrangians at high energy.
* Can assume universal boundary conditions.
* Must be evolved to low energy.

* Example: gauge coupling constant and Yukawa interaction.

d 3
Q% T 1§7r2 [3C(G) N T(R)] ’
dfa c 1
@ dcl.; e [4g2[C(A) + C(B) + C(O)]fabe

/ / ’
- (X: f:a’bc + Xbb f:ab’c + ch fabc’)]
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Automatized extraction of the RGEs (2).

[Alloul, BenjF, Rausch].

@ Done: analytical extraction of the RGEs for generic SUSY Lagrangian.
* Independent MATHEMATICA routine: INSURGE.
* Validated on SPS1a.
* Generic enough for any SUSY-breaking model (mSUGRA, GSMB, ...).

Top quark Yukawa: INSURGE output

df gaumy  GIL 31*f qaqumy  30G[2, 2]°f qaquhy
dt e 16 72
13 G[3, 1]%f (g At L famm fomun f SRR . 3 fq aqu ) F QAU
144 72 16 72 8 2 J

@ To-do list.
* Extraction of the mass spectrum (numerically).
* Full embedding in FEYNRULES.
* GOAL: Automatized spectrum generator for any SUSY model (one-loop).
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Gravitino - project not started (1).

@ FEYNRULES-superfield can be used to extract the Goldstino Lagrangian.
* Variation of the SUSY Lagrangian (using FEYNRULES):

0:L = 9, K*  using the supercharges,

oL
0L =0y { } using Noether theorem .
5(0,X) "
* Extraction of the conserved supercurrent.
- oL
eIt E= ———0 X — KM
(0, X)

* Result to be reproduced:
I = V2D, ¢l oV FHP + iV 20t WA — éapﬁ”a“:\aF;p +golotie .
* QOne of the auxiliary field gets a vev (e.g., F!)
I = iV2(ctedr)a Fr + T

* Supercurrent conservation = Goldstino (1) interaction Lagrangian:

1 ~
P8, +

1
= E Y o zf<1>‘“‘9“
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Gravitino - project not started (2).

@ Gravitino Lagrangian.
* Implementation and validation of the spin 3/2 fields in FEYNRULES.
* Rarita-Schwinger Lagrangian:

1 —
L= 2570, Vo -

* |s the coupling to the graviton relevant?
If yes, we need to introduce
- a curved superspace,
- a decent covariant derivative,
- a spin 2 Lagrangian,
- the gravity superfield,

* If not, then all the ingredients are (almost) there!
- Ncether procedure and local supersymmetry invariance
= interactions between the gravitino and the other fields.
- Could be derived with FEYNRULES.
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e Supersymmetric models in FEYNRULES
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Supersymmetric models in FEYNRULES

e0

General supersymmetric models

@ General versions = any usual limit easily taken.
* 6 x 6 CP and flavour violating scalar mixing matrices.
€8 T . T
(1"11, i, U3, U4, 175,176) = R”(E'LiL, tr, iR, Cr, fR) )
. e momom o NT T U
(dl,dz,d3,d47d5,d6> = Kk (dL,SL,bL7dR7SR,bR> .
* Simple extension requiring a generalized MSSM: the MSSM-CKM.

o[V () Vs ()| () ()

() (mh) (v05)  (mg.90)

* More general versions are needed!

@ A lot of model parameters.

* The SLHA-FR format (SLHA2-like format).
* C++4 translator SLHA1/2 < SLHA-FR .
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Supersymmetric models in FEYNRULES

(o] J

Supersymmetric models in FEYNRULES.

@ The MSSM ([BenjF].
* Public: validated implementation with four-component fermions.
* Private: validated implementation with Weyl fermions.
* Super-Private: validated superfield implementation

FeynmanRules [new-old] = {}; )

@ The RPV MSSM [BenjF].
* Private: partially validated implementation with Weyl fermions.
* MC blocking: gijk in color space = UFO, ALOHA, MG5.
* Already used by CMS-Strasbourg [Andrea, Conte].

@ The NMSSM [Braam, BenjF, Reuter].
* Private: validated implementation with Weyl fermions.

* Will be public in a month.

@ The R-symmetric MSSM [BenjF@LesHouches'09].
* Private: implementation with Weyl fermions.
* Never validated.

* Very interesting: scalar adjoints, ...

Supersymmetry with FE Benjamin Fuks GRAPH 2010 Workshop @ V.U. Brussels - 06.10.2010 - :



Outline.

Supersymmet: i "EYD S Benjamin Fuks d Workshop @ V.U. Brussels - 06.10.2



Summary
[ ]

Summary.

@ Superfield module of FEYNRULES.

* Achieved and validated.

* More than just a Lagrangian translator.

* Validated against textbook results.

* Public version expected for early 2011 (together with a publication).

@ Models.

* Still need to be translated to their superfield version.

* All main models will be public in early 2011 (NMSSM, RPV, RMSSM).

* Other implementations are ongoing (numuSSM, left-right SUSY, ...).
Maybe your favourite one (Please ask!)

@ To-do list
*
*
*

RGEs and automatized spectrum generator.
Gravitino-Goldstino.
Ongoing physics projects (cool models means unusual phenomenology).
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