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Towards MSSM-124 phenomenology
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Supersymmetry is without prejudice when,

Theory: _ _
(1) Model and assumptions to conclusions are
explicit.

Phenomenology:

(2) Ad hoc and unnecessary simplifications are
as minimal as possible.

(3) Robust methodologies are used: compare
nested, MCMC and random samplings.

Experiments:

(4) Usable model-independent results are
published. Trigger systems.

(5) Full likelihood functions are at least used by
the collaborations themselves, published or to
working groups.
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Supersymmetry prejudice(P) examples

Minimal gauge group and particles content, R-parity, m,, = 0,
get minimal, 124 parameters MSSM.

PMSSM-25 = MSSM-124 - extra{CP-violating, FCNC} & SM-14

» P: CMSSM-5 conclusions are representing the MSSM
» P: pMSSM-25 is not MFV; flavour physics constraints
» P: Outcomes of random scans (1028 points sample??)

Naturalness means minimal fine-tuning. Model, assumptions
and fine-tuning measures (Agw Or Agg) should be specified.
1st/2ndgen

» P:m2 ~mZ ~m2 <700 GeV, heavy mg and m;
bL tr ~ g

tL
> P: (msl, Mg, Mg, mg, ,) = (1,1.1,2,0(10)) TeV
» P: SUSY bull's eye, Natural SUSY is cornered



MFV MSSM reparametrisation

(A) 0807.0801: MFV in the MSSM = reparametrisation of
SUSY-breaking terms, in (YJYU)U and (Y,;YD)"- basis,

(M(%)ij = m2 [aléij + bl(YJYU)ij + bZ(YSYD)ij + ... (1)

(B) Freeze spurions to physical values, use new MFV basis,
counting and selection of parameters rules to get

> MSSM-42 at O(A;) ~ 1074
> MSSM-30 at O(A\4g) ~ 1073
> MSSM-24 at O(A;) ~ 1072

(C) Constrain the models by using all possible data,

d = duon_tHc @ diHc—susy @ diHc—others @ dag, (2)
= {ui, o} ®...®{Dgy, > 5%} (3)



Minimal flavour violation and new basis

A) Collapse eq.(1) to few terms by Cayley-Hamilton identities

( pse eq y Cayley

B) large pieces of YTYU 2 YTYU i o« Vi Vsi, small pieces to

U ij U ) 3i 79

ViV, So use V3 Vi and V5 Vy; with coefficients of order one

and y2 ~ \8 respectively.

(C) Similarly for (Y Yp)i and (Y, Yp)2, use %43 and 5% 6j» with
D ) D ij i3"] i2")

order y2 and yZ coefficients respectively

(D) All possible multipliable structures lead to new complete
basis vectors X1 = §50j3, ..., X16 = V5 V3



MSSM-42, MSSM-30, MSSM-24, CMSSM-9

e¢1Ml7 e¢2M2) M37 M, MA7 tan 67 ed),u
M§ = &1 + X1X13 + Y1 X1 + Y2Xs + Y5 Xo,
M3 = &y + X2Xq,

)

M3 = 83 + yaX1 + W1 X3 + Wi Xy,

MZ = & + YeX1, 4)
Mé = a7 +y7Xy,

Ag = agX1 + WsXa,

Ay = a4Xs + yaX1 + W2 X,

Ap = 85X1 + Y5X5 + W3Xo + WaXy

a1-36,7 > 0,X1,X2,¥1,Y3,¥s, Y7 € R others are complex.
MSSM-30: use 81_367 > 0,X1,X2,¥1,Y3,Y6,¥7 € R, ya,y5 € C
MSSM-24: use &;_367 > 0,X1,X2 € R, y5 € C (reduce to
CMSSM-9.)



MFV X; basis matrices

Xy = 03i03), Xp = 02102, Xz =030z, Xa =003, (5)

X5 = 03iV3j, Xe =02iVy, X7 =03Vy, Xg=10Vsz, (6)

Xg = Vgid3j, Xio0 = V3, Xi1=Vzidy, Xio=V3d3, (7)

X13 = V3iV3j, Xia = V5V, Xis=V3zVy, Xig=V;V3.

(8)
V is the CKM matrix



Bayes theorem, testing data strength

» Bayes theorem:
posterior = likelihood x prior / (evidence)
P(0|d,H) =P(d|6,H) P(6,H) / P(d,H)

» Prior-dependence & prior-independence:
(1) Prior-independent results = prediction
(2) Prior-dependence = prediction, also
(3) Possibility, test data strength: precise & robust



Prior-dependence & prior-independence examples

datal
data2
Expt:3.02(0.88)
0.05 0.1 B 0.15 0 2 4
Qx h 3 a, x107°
3 35 4 4.5 1 2 3 4 5
BRO -sY) 107 BRO - W'W)  x107
0.2312 0.23]24 | 0.2316 2494 2495 2496 2497
sin” 6 2

Figure: (data2, datal) curves = (log-, flat-) prior fit.



PMSSM-25 predictions

» 2008/9-fit:
(1) mp ~ 117 — 129 GeV @ 95% BC,
(2) BR(Bs — pt =) ~0.28 x 108
(3) m; ~1—3TeV,
(4) undetermined mg, Mg, (9 — 2),,



pPMSSM-25 predictions, Natural SUSY

» 2013-fit, Agw-data included:
(1) mg ~1—-2TeV,mgo ~ Mg < 600 GeV
(2) under-abundance of {9 LSP CDM

o \
0O 100 20 0 10 20 1 2 12 3 4 000505
AT m mo =m =

Q
EW t X, Xy CDM

Figure: (Agw, A7) fine-tuning measures in (eq.(9), eq.(11)). (Dotted,
solid) curves = (log-, flat-) prior. Masses in TeV units.



MSSM-42, MSSM-30 status

» Spectra properties: SPheno & SUSY_FLAVOUR, 30- or
42-parameters MSSM in SLHA-2 format; MultiNest
» MSSM-30 test fit:

(1) undetermined My, Mg, Mg, Mo, M-t (9—2)us----

|
|
\
\
50 100150200 Or.T? 1152
0o = +
EW X1.2 X1 CDM
/\A\ YA
\ | )
// | A
I ’
I \ l !
= - N - N
5 10 15 20 115 2 25 0.09.0.19.2.25 00.02.09.06.08
m Mo =M+ Q _ h
EW t X, o X CDM

(2) under-abundance of {9 LSP CDM



Conclusions & Outlook

Supersymmetry without prejudice. When?



Supersymmetry is without prejudice when,

Theory: _ _
(1) Model and assumptions to conclusions are
explicit.

Phenomenology:

(2) Ad hoc and unnecessary simplifications are
as minimal as possible.

(3) Robust methodologies are used: compare
nested, MCMC and random samplings.

Experiments:

(4) Usable model-independent results are
published. Trigger systems.

(5) Full likelihood functions are at least used by
the collaborations themselves, published or to
working groups.



Conclusions & Outlook

> (1) pMSSM-25 away from CMSSM/mMSUGRA
(2) Bayesian methodology 2008/9 and 2013 fits predictions

> (3) MSSM-124, MSSM-42, MSSM-30, away from pMSSM
(4) pMSSM is never MFV nor a limit of MFV-MSSM

» (5) Less of the global-picture MSSM has been probed
(6) MSSM-42, MSSM-30 working frames just introduced

» (7) Less than 10% of expected LHC data

Therefore: MSSM fate & decisive conclusions? Too early.
But, so far, looks very bright!
Let's get ready for LHC run-2!!



Thanks for Listening!



Codes for physical observables, sampling and fitting

» SPheno: SUSY spectra and low-energy observables
calculation from SLHA2 parameters

» SUSY_FLAVOUR: Calculates low-energy observables
from SLHA2 parameters

» SOFTSUSY: SUSY spectra from SLHA1 parameters
» mMicrOMEGASs : CDM relic density, (g-2)

» superlSO : B-physics observables

» susyPOPE : EW precision observables

» MultiNest : Nested sampling and Fit



Example, 2008/9 pMSSM-25 probability densities

Parameters, 0Opvssm—25 =

Osm_s, tan g, mal, mﬁz; M1 23; m?lrji‘:”‘;:s’ mf}l{j:jien; Cborpe
Priors: w(0) = P(0) = 7(01) 7(02) ... 7(025)
Predictions: O; from 25 input parameters 6

0= { My, Sin2 Hleef?7 er R|,b,Ca A(I;é)a A|,b,07 5a,ua Mp,
Br(b — 57), BF(B — 4" "), Ag_, Br(By — 7). AM,,
Q,h?}

Data: D = {u(0;),0(0)}

Likelihood:
P(D|0) =TT, P(Di[6);  P(Dilo) = (2nof) /2 e~ (Orm)/2oD)



MSSM-30 test fit, constraints

Observable Constraint Observable Constraint
my [GeV] 80.399 + 0.027 AT = A® 0.1513 +0.0021
Iz [GeV] 2.4952 + 0.0025 AP 0.923 £ 0.020
sin? 0{;? 0.2324 £ 0.0012 A 0.670 £ 0.027
da, (30.2 +£9.0) x 10%° Br(B — Xsv) (3.55 + 0.42) x 10/
R’ 20.767 £ 0.025 Br(Bs — ptp~) 3.2x10713
Rg 0.21629 -+ 0.00066 RAMg, 0.85+0.11
RO 0.1721 £+ 0.0030 Rer(B,—rv) 1.26 +£0.41
ARy 0.0992 + 0.0016 Nog_ 0.0375 £ 0.0289
F 0.0707 £ 0.035 Qcpmh? 0.11 £0.02
My 125.6 + 3.0 [GeV]

Table: Summary for the central values and errors for the electroweak
physics observables, B-physics observables and cold dark matter
relic density constraints.



MSSM-30 test fit, constraints

Observable Constraint Observable Constraint
Br(B — Xsy)  (3.52=+0.25) x 107 Rer(8,—r0) 1.4909 + 0.30
Br(Bs — utp~) 3.2715 x 107 %ite || Br(Bqg — putpu~) >1.8x 1078
AMg, 0.507 + 0.005 ps—* AMg, 17.77 £0.12
da, <11x108 de <1.6x10°%
d, <28x10°1° d. <11x10°Y
Br(u — ev) <28x1071 Br(r — ey) <33x1078
Br(r — uy) <4.4x1078 Br(u — 3e) <28x1071
Br(r — 3e) <2.0x10°1° Br(r — 3pu) <1.0x10°°

Table: Summary of observables used from SPHENO.



Phys. Rev. Lett. 109 (2012) 161802.

Agw = max; (C;) /(m3/2). 9)
CM = | - ,LL2|,
Ch, = | — mf, tan® 5/(tan’ 8 — 1)),

Cry = Im?, /(tan® 3 — 1),

Cra = [£3/(tan? 5 — 1),

Cyy = | — £ tan? B/(tan? 5 — 1)],
d, d,

Zd,ﬂ =3 |Zd,3|'

(10)



NPB 306(1988)63, JHEP 0704(2007)070

Jlogm2
A = Z 11
(©) ‘ dlogé (11)
4 2 m2 m2
Ap) = —”2 (1 L MATMZ o2 23), A(m3)= (1+ ) tan® 23,
mz mA m2
1 w2 1 m2 + m2
A(m3) = cos?2 —A cos? 3 — — — A Z tan?
(s, 2 At Z b m2 x < cos 2f3 + m2
1 % 1 m2 +m2 .
A(m2) = |-Zcos2 sm Ll 1 A Z tan?
(mg,) ' > 54— m2 8- m2 x‘ +0052ﬂ mz

At = max(A(p), Am3), AME,), A(mE,)). (13)
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