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Why do we believe in SUSY-GUTs?

@ SM quantum numbers? Charge quantization?
Fermions nicely fit into SU(5) multiplets

5=(dg, L), 10=(Q, vk, €g)
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|
Why do we believe in SUSY-GUTs?

@ SM quantum numbers? Charge quantization?
Fermions nicely fit into SU(5) multiplets

5= (dg. L), 10 ~(Q, ug, eR)
@ SO(10): all SM fields per generation + v fit in spinor rep.:
16— 10050 1 = ((Q. uf, ¢§), (d5. L), /5)

@ GUTs need SUSY:
& gauge coupling unification
@ hierarchy problem (heavy GUT particles destabilizes electroweak scale)

@ But: |SUSY flavour & CP problem
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Flavour and SUSY GUTs

Flavour mixing:

o (left-handed) quarks: CKM matrix @ neutrinos: PMNS matrix

@ o o o
Vckm=| o @ - Ubns~ |0 @ @
() e 0 O
SU(5) multiplets link quarks to leptons

dg Sk bk
d Sk bk
31 = d,% s 32 = SE, s 33 = b,c?
€L ML TL
—Ve —Vy —v;

Idea of Chang, Masiero, Murayama; Moroi

neutrino mixing angle 6,3 ~ 45° induce large bg — Sg- and 7 — fi -mixing
= new br — sg transitions from gluino-squark loops possible

i —— . ———_——— i a—————




CMM Model
SO(].O) gauge theory Wlth 5uperp0tentia| [Chang, Masiero, Murayama 03]
50(10) _ i i1e. 45110y i 1p 161164
Wy 16 Y{16;104 + 16; Y3 16; e + 16; Y}, 16; 2 Vo
o Yi oM, M2, YT Mg, M, YD M,
@ Assumptions:
@ flavour symmetry (which is exact at Mp)) is broken
@ Y1 and Yy simultaneously diagonalisable
o breaking via SU(5)
164),(16
50(10) 220 gygy 5, g B0 g0 L yqr)

5H

Nonrenormalizable term o Y3 term gives naturally
small tan 5 and determines whole flavour structure
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Flavour structure CMM model

Key ingredients: weak basis with

ya 0 O '
Yo=Y = Ve [0 v 0| Uo,  Ub= Usunsdiag(l, €, 1)
0 0 w

and right-handed down squark mass matrix:
m~( 7) = diag (m mz ,mz (1- A&))

Ay € [0, 1]: relative mass splitting; generated by top-Yukawa RG effects
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Flavour structure CMM model

Key ingredients: weak basis with

ya 0 O '
Yo=Y = Ve [0 v 0| Uo,  Ub= Usunsdiag(l, €, 1)
0 0 w

and right-handed down squark mass matrix:
m~( 7) = diag (m mz ,mz (1- A&))

Ay € [0, 1]: relative mass splitting; generated by top-Yukawa RG effects
Rotating Yy to diagonal form (mass eigentstates)= f,3 ~ 45° enters m?:

2.
1 0
2 _ 2yt — 2 _ 1A —
mb = UDmaUD = mal 0 11 2Aj!’£ X
0 _EAEIE‘ 1 _ §A~
The CP phase ¢ affects CP violation in Bs—B; mixing!
20-27 July 2011 EPS Grenoble 6/10



New benchmark scenario?

@ 7 input parameters at Mso(10):

@ alternatively: inputs at Mey:

2
my

mg D do

(tan 5)

argp &

my, mal

d
mg 31

(tan 5)

argp &

@ RG evolution: Mey, — Mp; — Me,, = find all particle masses, MSSM
couplings and calculate observables

generic MSSM

mSUGRA/CMSSM

CMM model |

~ 120 parameters

4 parameters & 1 sign

7 input parameters

SUSY flavour & CP problem

minimize flavour
violation ad-hoc

clear flavour structure

no universality

universality at Mgyt

universality at Mp,
but broken at Mgyt

quarks & leptons unrelated

quark-lepton-interplay

Problem: suppress large
effects elsewhere

cannot explain current
flavour data (e.g. ¢s)

can fit ¢s and small
effects in 1st/2nd gen.
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Phenomenology

Global analysis of several observables:

Bs—Bs mixing, b—sy, 71— py, my (lightest Higgs mass)

mgz = 500 GeV, u>0,tan3 =16

500 1000 1500 2000 2500 3000 3500
1st gen. squark mass Mz [GeV]
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[k mZ < 0, unstable vacuum
[GSFRIBINE]: cxcluded by B; — B
medium blue : excluded by b — sv

light blue : excluded by 7 — py

green : compatible with B; — Bg, b —

SY, T — Wy
Higgs mass: —— | 114.4 | GeV

¢s in degrees: - —45°
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Generic Results

@ flavour effects o< mass splitting Aj; (driven by RG effects of y;)
@ B;—B; mixing: free phase ¢ can adjust ¢s

@ powerfull constraint: mp > 114.4 GeV = excludes too small tan 3
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Generic Results

@ flavour effects o< mass splitting Aj; (driven by RG effects of y;)
@ B;—B; mixing: free phase ¢ can adjust ¢s
@ powerfull constraint: mp > 114.4 GeV = excludes too small tan 3

@ degenerate 1st/2nd gen. squark masses & nearly tribimaximal Upmns =
effects suppressed in K—K , ex, i — ey

@ realistic GUTs involve dim-5 Yukawa terms to fix Y4 =Y, for 1st/2nd gen.
= not gnly br — sg but also bg — dr and dr — sg. Strongly constrained
by K_K miXing [Trine, Wiesenfeldt, Westhoff 2009]

@ Similar constraints can be found from u — ey
[Ko,Park,Yamaguchi 2008; Borzumati,Yamashita 2009];
[JG,Mertens, Nierste,Wiesenfeldt 2009].
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Conclusions

@ SUSY GUTs are theoretical well motivated scenarios with correlations
between hadronic and leptonic observables

@ If large CP violation in B;—B; mixing is confirmed = physics beyond
CMSSM and mSUGRA

@ CMM model:

o large atmospheric mixing angle 623 ~ 45° induces b — s- and
T — p-transitions

o free phase ¢ can adjust CP violation in Bs—Bs mixing

@ only minor effects in 2 — 1 and 3 — 1 transitions

o extensive RGE analysis to connect Planck-scale and low-energy
parameters

o Higgs potential still has to be worked out

@ new benchmark model?
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Thanks for your attention

OH MY
DEAR!

Geak & pobe

LA TELY INSIDE THE LHC:
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Backup slides
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|
Mass splittings

mg =500 GeV, sgny = +1, tan 3 =3 mgz = 500 GeV, sgny = +1, tan 3 = 6
2 2t = H
0.3 PAYATANN
1 1 [ 0.2 04— 1
i i 0.1}
Mg Mg
0 | 4 0.4
0.4 |
0.5
-1 —1H 06 4 4l
0.7
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500 1000 1500 2000 2500 3000 3500 500 1000 1500 2000 2500 3000 3500
Mg[GeV] Mg[GeV]

Figure: Relative mass splitting AE;' =1- mi/mé2 among the bilinear soft terms for

the right-handed squarks of the second and third generations with tan 8 = 3 (left) and 6

(right) in the Mg(Mz) — af (Mz)/Mg(Mz) plane for mg = 500 GeV and sgn u = +1.
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FCNC observables

3 al

mg = 500 GeV, sgnpu = +1, tan 3 =3 mg =500 GeV, sgnp = +1,tan3 =6

ai’ a
Mg Mg

500 1000 1500 2000 2500 3000 3500 500 1000 1500 2000 2500 3000 3500
M5[GeV] Mz[GeV]

Figure: Correlation of FCNC processes with tan 8 = 3 and tan 3 = 6.

B(b — s7)[107*] solid lines with white labels; B(T — py)[10™®] dashed lines with gray

labels. Black region: m? < 0 or unstable |0); dark blue region: excluded due to Bs - B,;

medium blue region: consistent with Bs — B but excluded due to b — s+; light blue

region: consistent with B; — B, and b — s7 but inconsistent with 7 — jy; green

region: compatible with all three FCNC constraints.



Phenomenology

Global analysis of several observables:

Bs—Bs mixing, b—sy, 71— py, my (lightest Higgs mass)

500 1000 1500 2000 2500 3000 3500
1st gen. squark mass Mz [GeV]
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[k mZ < 0, unstable vacuum
[GEFRIBINE]: cxcluded by B; — B,
medium blue : excluded by b — sv

light blue : excluded by 7 — 7y

green : compatible with B — B, b —

SY, T — Wy
Higgs mass: —— | 114.4| GeV

¢s in degrees: - —45°
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Perturbativity of y;

1.2F
0.8+ PR
O tan3 = 4.5 anfe B 2T
£06
0.4+
0.2
O,
tM, fGuT  fso(10)pl

t =lIn(ur)

® y; has a quasi-fixed point y?/g? = 55/56 ~ 1 in SO(10) (for tan 3, ~ 2.7)
@ tan 3 < 2.7 = y; blow-up below Mp; tan 3 > 2.7 = y; stays perturbative

@ to test CMM: maximize flavour effects (large Ay, i.e. large y;, small tan 3)

@ CMM model: \2.7 <tanfB < 10\
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Higgs mass constraint

@ For small tan 8 lower bound from LEP: mj > 114.4 GeV
@ MSSM: Higgs h° tends to be light at tree level: m, < Mz|cos(23)|

@ corrections Amj o m¢ In (m?/m?) = (too) small for large y;, because of
RG evolution (small stop mass mZ)

@ larger tan 3 reduces y; and size of flavour effects

@ could be relaxed by allowing the Higgs multiplets to have different
Planck-scale masses from the sfermions (similarly to the non-universal Higgs
model (NUHM))

small tan8 << large flavor effects < (too) light KO
larger tan3 < smaller flavor effects <« sufficiently heavy h°
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Example point

Upward evolution

M5=1500 GeV, mgz =500 GeV, ad (Mz)/Mz=L1.5, arg u=0, tan =6  Mew Mpy
SO(10) & SU(5) RGE
20=1273 GeV, mo=1430 GeV, mz=184 G&v ~ Mp| ——— ——— MguT
0 0o o o o 0
Ru(Mgut)=[0 0 o0 |Gev, K,{(MGUT): 0o o 0 | Gev,
0 0 46 0 03 -35
0 0 0
A, (MguT)=| o 0 o |Gev, non-universal at Mgyt
—0.0013  0.0023 43.4
mg(MguT)=diag(1426,1426,1074) GeV mg, =83 GV mg, =165 GeV ;=629 GeV
MSSM RGE m_o=(640, 632,159, 81) GeV m?2, =(1432 GeV)?
mg(MguT)=diag(1444,1444,1077) Gev ~———omy "] ( ) #,=( )
2 2
mjp(MgyT)=diag(1459,1459,1078) GeV m)z_i:(640, 159) GeV  mpy =—(575 GeV)
F
my, (MgyT)=1126 GeV, my (MgyT)=1446 GeV M; =(1427, 1427, 1074, 1462, 1462, 1095) GeV

mg(MgyT)=211 GeV

Mg, =(1519, 1519, 934, 1501, 1501, 485) GeV

non-universal at MguT M =(1519, 1519, 908, 1498, 1498, 1164) GeV
;



RG evolution

2-loop RGE in MSSM, 1-loop RGE in SU(5) and SO(10)

relate Planck-scale inputs to a set of low-energy inputs:

masses of RH up- and down-squarks of 1st gen. mg,, mg,
trilinear term af of 1st gen.

gluino mass m;

arg i and tan 8

¢ © € @

(]

RG evolution from Me,, to Mp: find universal soft terms ag, mg, mz and D

RG evolution back to Mg, : calculate |u| from electroweak symmetry
breaking

(]

Repeat RG evolution: M, — Mp; — Me,,,: find all particle masses and
MSSM couplings

@ adjust CP phase ¢ to fit data (enters RGE via Up) and calculate observables
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Universality of SUSY breaking

Assumption of the model:
SUSY s broken flavour blind at Mp; = Universality of soft- und trilinear terms.
In this sense it is "minimal flavour violating”.

%

rofe=—16; m27 ﬁij_mf.oH 10;,10,,—m§0;4 105,10,

7mf:6 E:,ﬁ,.,fm% 16;‘.,16H7mi~5 45;:,45,.'

( 16; A¥ 16; 10,,+2 16; A¥ 16; M+ 16; AT 16; “'H“’H +h. c)
2 _ 2 2 2 2 2 2 2

mﬁ;_mo 1 ml-oH_mfoHl _misH_ml‘sH_mﬁH_mO s

A1=Ao Y1, Ax=Ao Y2, Any=Ao Yn ,

radiative corrections lead to a nonuniversal sfermion mass matrix at the GUT

Scale (diagonal in U—baSiS) [Hall, Kostelecky, Raby 86; Barbieri, Hall, Strumia95]
2 _ 2
ms, = Mg A
2 2 2
Mg = My = mg +46
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Bs—Bs mixing

M3, e = SEMI e £2 B (Vi Vi) (Culas) + Cr(pb))

2Im(M3,)

C = C+e ¢ |CgMV| ,

fz,\/ B, = (0.2580 & 0.0195) GeV

Figure: s, ENEE), EXEEEIN

(llustration not to scale).

summer 2010:
—285PF = 28 4 ¢, € [-1.04,—0.04] U[-3.10, —2.16]  (68% CL)
P2 = _2BM 4 g, = —0.767%38 (stat) + 0.02(syst)
ags = —0.0085 + 0.0028 (68% CL).
Assuming no NP in ag and naively using a weighted average for sin ¢s:

sings = —0.77 £0.47  (95% CL).
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