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SUSY Les Houches Accord
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New (+M

flavour violation
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New:
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SUSY Les Houches Accord

* LH'03: many tools -> need to unify -> Accord.
e LH'05: CPV, RPV, FLV, NMSSM, ...
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Conventions & Consistency

What is needed to ‘specify’ a SUSY model?

1. Specify experimental boundary conditions.
“SM™ gauge couplings ff.f"” & Yukawas 1:}” (‘'measured’)

—+ "MSSM™ couplings ¢; and Yukawas }’:;_J-,;, (not the same, since different
field content — different quantum corrections).

2. Define the Superpotential.
Y jo (+ RPV/NMSSM terms) (HO: at scale (), e.g. in DR scheme) > 1.

3. Define the SUSY breaking terms.

Soft breaking gaugino masses /\/;, scalar masses M s f;r.,;_l,-, and trilinear
A1, terms (HO: at scale (), e.g. in DR scheme).

4. Work out the physical spectrum.

Pole masses (for kinematics), and couplings (for ME’s), incl. mass <> cur-
rent eigenstate transl., and for HO calcs all def in a useful and well-defined
renormalization scheme/scale.



Conventions & Consistency
1. Experimental Boundary Conditions

(em ( mz) 1—A &Fm_z )ﬁ

Gp ne Fermi constant determined from p decay
mz The Z boson pole mass
s (mg M8 The 5—flavour MS strong coupling at m
my,(my, ) MS The MS b quark running mass at m,
My Top pole mass
M, Tau pole mass

Note: no SUSY corrections here!



Conventions & Consistency
2. & 3. Defining the SUSY Model

sgn(p)

tan 5 (mg) R

1[:’- ':-:u- mput )

T/I ( { fm}‘-m J

EG’ l M, mput )

W, = €w [—pHEHE], (€12 =1)
ve /vy (Can also be given at @ # m.z)

€ab ZU [(TE)UH‘JLE’ ol (TD -inf'Qb d#

tL JR tLJR

=} (TL.‘)UH&QG T ]‘|‘1L-C 31,_;, — ,‘j/}g,_}'

1L _J'R

mﬂ H7 HG"I'QLL.:,( Q ﬂ' +L:L:1 z)u
+Q1F(TR2)L_}(}'}R+€1R(?R2)1J £ — (mie.s HCHE -|—]1.-r:.)

o Either (m%,,,m%, ) or (i, m3 = L

Skl | JLL":"- 5]

1 (MlBE + Mo Ad™ + MsgX 5% ) + i,



Conventions & Consistency
2. & 3. Defining the SUSY Model

—> Now all parameters unambiguously defined. E.g. for

the neutralino sector, with "

Mass terms = —1¢07 Jw_tﬁg.if}:;ﬂ

At tree level:
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Conventions & Consistency

4. Communicating the Spectrum: DR parameters

& Firstly, copies of all the input parameters, for consis-
tency (e.g. so next calculation uses same m.).

& Secondly, all the (non-input) sparticle and Higgs boson
pole masses, also e.g. mw.

& Thirdly, all the Lagrangian parameters at given scale(s)
Q; in the DR scheme.

£ Fourthly, (less well defined) mixing matrices, for loop-
Improved tree—level calculations.



Conventions & Consistency

4. Communicating the Spectrum: DR parameters

W (Qq)PR €as [(YE)ij HE L2 Ej + (YD )ig HEQYD; + (Y )ij HEQRU; — pHY HY
tan B(Q:)P* o /vy

9;(Q)"" ¢, g,and g5: gauge couplings

Ajl C,;).l,-,:)ﬁ Soft breaking trilinear couplings

v;(Q;)PR V2(HY), s0 v* =(vf +vi) = (246 GeV)*

M J(Qf;)ﬁ Soft breaking gaugino masses

M ( Q;,')D_R Soft breaking sfermion masses

mo4(Q;)PR Running A mass.

In vl writeup/ In v2 writeup (& JHEP): JHEP 0407:036,2004



Conventions & Consistency

3. Communicating the Spectrum: mixing

matrices
& mixing angles avoided, matrix elements given instead.

£ No consensus on best ‘'scheme’ —
Effective ‘best choice’ definitions, at the discretion of
each spectrum calculator.

E.g. o: Diagonalizes loop—corrected mass matrices, but not a DR

or MS parameter. Still, not scale independent. On—shell scheme
has scale fixed by renormalization conditions, and external prop-
agators still carry some momentum, which momentum?



Example SLHA spectrum

# SUSY Les Houches Accord 1.0
# Fxample spectrum file — Snowmass polnt 1a
Block SPINFO # Program information
1 SOFTEUSY # spectrum calculator
2 1.8.4 # version number
Block MODSEL 4 Select model
1 1 # sugra
Block MINPAE 4 Input parameters
1 1.000000000e+02 # mb
2 2.500000000e+02 # ml2
3 1.000000000=2+01 # tanb
i 1.000000000e+00 # sign{mu)
5 -1.000000000e+02 4 AOD
Block SMIHPUTIS # SM
1.279340000e+02
1.166370000e-05
1.172000000e-01

parameters

# 1/alpha(MZ) [MSbar]
¥ Cru [GeV *—2]

# alphas (MZ) [MSbar]
# Z pole mass

4.250000000e+00
1.743000000e+02

1
2
i
4 8.118760000e+01
5
6
T 1.777000000e+00

Block MASS # Mass spectrum (peole

24

25

35

a6

i
1000001
1000002
1000003
1000004
1000005
1000006
1000011
1000012
1000013
1000014
1000015
1000016
10000621
1000022
1000023
1000024

8.024639840e+01
1.106368320e+02
4.008746040e+02
4.005062720e+02
4_.087847760e+02
.537379281e+02
.480648005e+02
-536689385e+02
.479950083e+02
.9508648782+02
.B666B1125e+02
L Q05077001402
LB448320292+02
. 005050044e+02
. 844792730402
.339969762e+02
.836242253e+02
. 234756712402
- 70157361 7e+01
. TB88647992+02
. T826450962+02

e G B L B G R

= i s e de diE He de HE e e e s e e e e e S e i

# mb (mb) [MSbar]
# £t pole mass
# tau pole mas

Mmasses)

W

ho

HO

BOD

H+

sd (L)

51 (L)

55 (L)

s (L)

sb{l)

st (1)

se (L)

snue (L)
sm1fL)
snurm: (L)
staum(l)
snuftam{L})
gluing
neutralino{l)
neutralino(2)
chargino{l)

1000025
1000035
1000037
2000001
2000002
2000003
2000004
2000005
2000006
2000011
2000013
2000015

~31.536102287e+02

3.733417082e+02
3.736128390e+02
5.2696766642+02
5.311251030e+02
5.269652151e+02
5.308795680e+02
5.257115262e+02
5.704560875e+02
1.430886701e+02
1.430810123e+02
2.043832731e+02

e =He S THe S S T e S e Sk Tk

neutralino (3)
neutralino (4)
chargino (i)
sd{R)

su(R})

55 (R)

s (R}

sbi{2)

st(2)

sef(R)

som(R)
staul2)

Block alpha # Effective Higgs mixing angle alph

—1.146864127=-01

Block hmix Q= 4.520624648e+02

-

3.439934743e+02

# mu

# alpha
# DRbar Higgs mi

Block stopmix # stop mixing matrix

El

BL

#
Bl

L e e B0 B O o S S R R

[ b P

[0 b Pl et

[ et P et

5
o
8.
el
clk sbotmix # sbottom mixing matrix
2
3.
A
8.
ck staumix # stau mixin
e
9.
9.
=
auginoc—higgsing mixing
ck nmix

143784304e-01
3883074580e-01
3883574890e-01
143784304e-01

355024721e-01
53320144%e-01
53320144%e-01
355024721e-01

810947184e-01
5968002972-01
5968002972-01
810947184e-01

#
#
#
#

#

#
#
#
g
#
#
#
#

Ofl, 1)
0(1,2)
0fz, 1)
0(z, 2)

a1, 1)
L1 2)
Or2,1)
O12,2)
matrlx
O(1,1)
01, 2)
02, 1)
0(2, 2)

# neutralinoc mixing matrix
+ N(l,1)

.B849417415e-01
. 7958970738202
.526931274e-01
.670314504e-02
.080115410e-01
.374300545e-01
-85202103%2-01
.673354023e-01

Nil,2)
N(l,3)
N([l,4)
Niz, 1)
N(2,2)
N(2,63)
N(Z, 4)




Conclusions from Durham Meeting

We have agreed to: Conserve colour, charge, and spin!

£ — add (optional) new LARGE mixing blocks which in
principle can deal with all possible consequences of CPV,
RPV, etc. (normally will be block-diagonal to a large extent.)

£ Include (option for) giving either effective (loop-improved)
mixing matrices OR mixing in DR scheme at a given scale.

£ Include imaginary parts in new mixing structure.
£ Conventions for NMSSM adopted, for CPV underway.

£ Theory errors: highly non-trivial issue. Sub-group organised

by K. Desch & W. Porod to investigate solutions. <« Session

. : tuesday
& Cross sections: even more thorny issue. No general , —41:00

concensus yet — but strong interest from SPA project for
eTe™ case.



Topics discussed at Les Houches '05

* |nput:
- CPV:
* Im{} of AU, AD, AE, M1, M2, M3, mu (not Yukawas)
- RPV:
e Superpotential terms: WLLE, WLQD, WUDD, WLH
e Soft terms: ALLE, ALQD, AUDD, BLH
- FLV:

e Diagonal soft entries in EXTPAR -> Matrices: MQ2,
MU2, MD2, ML2, ME2 (complex)



Topics discussed at Les Houches '05

* CPV -> mass degeneracy between Real and Imaginary
sneutrinos split -> need separate PDG codes for
Imaginary sneutrinos: 1000017, 1000018, 1000019 ??

* For new mixing structure, need unigue enumerations of
- mass eigenstate basis

- flavour/current eigenstate basis

* (General: definitions should reduce intuitively to case of
CP, RP etc conserving MSSM.)



Mass and Flavour bases
(proposals)

* General mixing (mass <-> flavour) between:
- Charged colour-singlet fermions (charged leptons, charginos)
- Neutral colour-singlet fermions (neutrinos, neutralinos)
- Charged colour-singlet scalars (sleptons, H+)
- Neutral colour-singlet scalars (sneutrinos, h0, HO, AO)
- Colour triplet up-type scalars (all generations)
— Colour triplet down-type scalars (all generations)

- So far quark sector not discussed.



Mass and Flavour bases

(proposals)
» (Charged colour-singlet fermions mixing matrix:
. mi=U_f |
Flavour basis = U—J -
e+ = e+ flavour eigenstate
mu+ =mu+ -’-
tau+ =tau+ -"-
- ~W+ = charged wino
~h2+ = charged higgsino (up-type)

Mass basis (PDG codes), ordered to reduce to “normal” case:

-11 (e+) = state that has biggest component of e+
-13 (mu+ = -7~ mu-+
-15 (tau+ tau+

)

) =
1000027 (chi1+) = lightest chargino-like state
1000037 (chi2+) = heaviest chargino-like state

NB: Mass basis ordered by flavour content, not by increasing mass!



Mass and Flavour bases

(proposals)

* Neutral colour-singlet fermions mixing matrix:
Flavour basis | m_i=U jj f_j
nu_e = nu_e flavour eigenstate — —
nu_mu = nu_mu
nu_tau = nu_tau
-i ~b = bino
-i ~w3 = neutral wino
~h1 = neutral higgsino 1 (down-type)
~h2 = neutral higgsino 2 (up-type)

Mass basis (PDG codes), ordered to reduce to “normal” case:
12 (nu_e) = state that has biggest component of nu_e
14 (nu_mu) = nu_mu
16 (nu_tau) = nu_tau

1000022 (chit) = lightest neutralino-like state

1000023 (chi2) = 2" lightest neutralino-like state
1000025 (chi3) = 3" lightest neutralino-like state
1000035 (chi4) = 4" lightest neutralino-like state



Mass and Flavour bases

(proposals)
* Charged colour-singlet scalars mixing matrix:
Flavour basis ' HE
mi=U |f

~elL+ = ~eL+ flavour eigenstate — U—J _
~eR+ = ~eL+ flavour eigenstate

~mulL+ = ~mulL+

~muR+ =~muR+  -"-

~taul+ = ~taulL+

~tauR+ = ~tauR+

H+ = charged Higgs

Mass basis (PDG codes), ordered to reduce to “normal” case:
1000011 (~eL+) = state that has biggest component of ~eL+

2000011 (~eR+) = state that has biggest component of ~eR+
1000013 (~muL+)= ~mul+
~muR+)= ~muR+

1000015 (~taul+)= lightest stau-like mass eigenstate
2000015 (~tau2+)= heaviest stau-like mass eigenstate
37 (H+) = state that has biggest component of H+

(
(
2000013 (
(
(



Mass and Flavour bases

(proposals)
* Neutral colour-singlet scalars mixing mautrix:
Flavour basis P HE
h1 = CP-even higgs 1 (down-type) m_I'= U—IJ f—J
h2 = CP-even higgs 2 (up-type)
a0 = CP-odd higgs

Re{~nu_[e,mu,tau]L} = CP-even ~nu_L flavour states (e,mu,tau)
Im{~nu_[e,mu,tau]L} = CP-odd ~nu_L flavour states (e,mu,tau)

Mass basis (PDG codes), ordered to reduce to “normal” case:

25 (h0) = lightest dominantly CP-even higgs-like state ?
35 (HO) = heaviest dominantly CP-even higgs-like state ?
36 (A0) = state that has biggest component of a0 ?

1000012 (~nu_el) =7?
1000014 (~nu_mulL) =
1000016 (~nu_taul)
1000017
1000018
1000019

D D D ) )



Mass and Flavour bases
(proposals)

* Squarks: mixing matrix:
m i=U_1fj

— Similar to uncoloured sectors.

- le not Super-CKM or similar. (CKM-like matrix can always be

derived from more elementary mass <-> flavour map.)

- Input from flavour discussion? Wishes, pitfalls?



Other projects - 1/3

e Tools for Extra Dimensions

- Introduce, review, and collect a repository of available
tools. (Top of wishlist presented by de Roeck)

- Validating, esp private and semi-public tools

- Towards standardization & benchmarks?

- Cross sections, Dark Matter (MicrOmegas)

- UED in Sdecay?

- Large final states (RS CompHEP <-> MadGraph)

[Ferrag, Muanza, Kraml, de Roeck, Przysiezniak-Frey, Azuelos, Skands, Grojean, Miakov?, Karim,
Belanger, Pukhov, Semenov, Savant, Giacomo, Pape, Balazs,Dominici, Kazana, Lykken, Matchev?,
Alemany, Besancon, Dobrescu, Gustavo, Eduardo, ]



Other projects - 2/3

 Event Generator(s) for NMSSM
- NMSSM in NMHDecay, CalcHEP, MicrOmegas
- + Being implemented in SPheno
- Still no working event generator
— Aim here to establish chain:

e Scattering by CompHEP -> Les Houches event files
e Decay tables by CompHEP, NMHDecay, Spheno

* Event file + decay tables read by PYTHIA -> events
* (+ validate against existing HERWIG and PYTHIA hacks)

Hugonie, Skands, Moretti, Kraml, Zerwas, Heinemeyer, Weiglein, Pukhov, Belanger,
Porod



Other projects - 3/3

 Event Generator(s) for CPV

- Complex neutralino + chargino mixing in PYTHIA, but
rarely used -> validate? (still, spin correllations missing)

- Spheno, SHERPA, CompHEP intrinsically complex, but
CPV never yet really studied.

- FeynHiggs & CPSuperH do CPV.
- Status of Susygen not clear.

- CPnSH project (cf Kraml) -> tools needed, but so far no
major initiatives at Les Houches.

Kraml, Heinemeyer, Weiglein, Mrenna, Schumacher,Richardson, Schumann, Pukhov,
Porod



