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Flavour and SUSY GUTsFlavour mixing:(left-handed) quarks: CKM matrixVCKM =
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.Idea of Chang, Masiero, Murayama; Moroineutrino mixing angle θ23 ≈ 45◦ indu
e large b̃R − s̃R- and τ̃L − µ̃L-mixing
⇒ new bR → sR transitions from gluino-squark loops possible



CMM ModelSO(10) gauge theory with superpotential [Chang, Masiero, Murayama 03℄W SO(10)Y =
1216i Yij1 16j 10H + 16i Yij2 16j 45H 10′H2MPl + 16i YijN 16j 16H16H2MPlYij1 → Mu, MD

ν , Yij2 → Md , Mℓ, YijN → MνRAssumptions:�avour symmetry (whi
h is exa
t at MPl) is brokenY1 and YN simultaneously diagonalisablebreaking via SU(5)SO(10) 〈16H〉,〈16H〉
−−−−−−−−→

〈45H〉 SU(5) 〈45H〉
−−−→ GSM 〈10H〉, 〈10′H〉

−−−−−−−−→ SU(3)C × U(1)emNonrenormalizable term ∝ Y2 term gives naturallysmall tanβ and determines whole �avour stru
tureJennifer Girrba
h TUM 20�27 July 2011 EPS Grenoble 5/10



Flavour stru
ture CMM modelKey ingredients: weak basis withYd = Y⊤
ℓ = V ⋆CKM



yd 0 00 ys 00 0 ybUD , UD = U∗PMNS diag(1, e iξ, 1)and right-handed down squark mass matrix:m2̃d (MZ ) = diag(m2̃d1 ,m2̃d1 ,m2̃d1 (1−∆d̃))
∆d̃ ∈ [0, 1]: relative mass splitting; generated by top-Yukawa RG e�e
ts
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yd 0 00 ys 00 0 ybUD , UD = U∗PMNS diag(1, e iξ, 1)and right-handed down squark mass matrix:m2̃d (MZ ) = diag(m2̃d1 ,m2̃d1 ,m2̃d1 (1−∆d̃))
∆d̃ ∈ [0, 1]: relative mass splitting; generated by top-Yukawa RG e�e
tsRotating Yd to diagonal form (mass eigentstates)⇒ θ23 ≈ 45◦ enters m2̃D :m2̃D = UDm2̃dU†D = m2̃d1  1 0 00 1− 12∆d̃ − 12∆d̃e iξ0 − 12∆d̃e−iξ 1− 12∆d̃ 

The CP phase ξ a�e
ts CP violation in Bs−Bs mixing!Jennifer Girrba
h TUM 20�27 July 2011 EPS Grenoble 6/10



New ben
hmark s
enario?7 input parameters at MSO(10): m20 mg̃ D a0 argµ ξ (tanβ)alternatively: inputs at Mew: mũ1 md̃1 mg̃ ad1 argµ ξ (tanβ)RG evolution: Mew → MPl → Mew ⇒ �nd all parti
le masses, MSSM
ouplings and 
al
ulate observablesgeneri
 MSSM mSUGRA/CMSSM CMM model
≈ 120 parameters 4 parameters & 1 sign 7 input parametersSUSY �avour & CP problem minimize �avour 
lear �avour stru
tureviolation ad-ho
no universality universality at MGUT universality at MPlbut broken at MGUTquarks & leptons unrelated quark-lepton-interplayProblem: suppress large 
annot explain 
urrent 
an �t φs and smalle�e
ts elsewhere �avour data (e.g. φs) e�e
ts in 1st/2nd gen.Jennifer Girrba
h TUM 20�27 July 2011 EPS Grenoble 7/10



PhenomenologyGlobal analysis of several observables:Bs−Bs mixing, b → sγ, τ → µγ, mh (lightest Higgs mass)
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ts of yt)Bs−Bs mixing: free phase ξ 
an adjust φspowerfull 
onstraint: mh ≥ 114.4 GeV ⇒ ex
ludes too small tanβdegenerate 1st/2nd gen. squark masses & nearly tribimaximal UPMNS ⇒e�e
ts suppressed in K−K , ǫK , µ → eγrealisti
 GUTs involve dim-5 Yukawa terms to �x Yd = Y⊤
ℓ for 1st/2nd gen.

⇒ not only bR → sR but also bR → dR and dR → sR . Strongly 
onstrainedby K−K mixing [Trine,Wiesenfeldt,Westho� 2009℄Similar 
onstraints 
an be found from µ → eγ[Ko,Park,Yamagu
hi 2008; Borzumati,Yamashita 2009℄;[JG,Mertens,Nierste,Wiesenfeldt 2009℄.Jennifer Girrba
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Con
lusionsSUSY GUTs are theoreti
al well motivated s
enarios with 
orrelationsbetween hadroni
 and leptoni
 observablesIf large CP violation in Bs−Bs mixing is 
on�rmed ⇒ physi
s beyondCMSSM and mSUGRACMM model:large atmospheri
 mixing angle θ23 ≈ 45◦ indu
es b − s- and
τ − µ-transitionsfree phase ξ 
an adjust CP violation in Bs−Bs mixingonly minor e�e
ts in 2 → 1 and 3 → 1 transitionsextensive RGE analysis to 
onne
t Plan
k-s
ale and low-energyparametersHiggs potential still has to be worked outnew ben
hmark model?Jennifer Girrba
h TUM 20�27 July 2011 EPS Grenoble 10/10
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Mass splittings
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Figure: Relative mass splitting ∆reld̃ = 1 −m2̃d3/m2̃d2 among the bilinear soft terms forthe right-handed squarks of the se
ond and third generations with tan β = 3 (left) and 6(right) in the Mq̃(MZ )− ad1 (MZ )/Mq̃(MZ ) plane for mg̃ = 500 GeV and sgnµ = +1.Jennifer Girrba
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FCNC observables
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Figure: Correlation of FCNC pro
esses with tan β = 3 and tanβ = 6.
B(b → sγ)[10−4] solid lines with white labels; B(τ → µγ)[10−8] dashed lines with graylabels. Bla
k region: m2̃f < 0 or unstable |0〉; dark blue region: ex
luded due to Bs −B s ;medium blue region: 
onsistent with Bs − Bs but ex
luded due to b → sγ; light blueregion: 
onsistent with Bs − B s and b → sγ but in
onsistent with τ → µγ; greenregion: 
ompatible with all three FCNC 
onstraints.



PhenomenologyGlobal analysis of several observables:Bs−Bs mixing, b → sγ, τ → µγ, mh (lightest Higgs mass)
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Perturbativity of yt
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 ≈ 2.7tan β = 4.5tMZ tGUT tSO(10) tPlyt has a quasi-�xed point y2t /g2 = 55/56 ≃ 1 in SO(10) (for tanβ
 ≃ 2.7)tanβ < 2.7 ⇒ yt blow-up below MPl; tanβ > 2.7 ⇒ yt stays perturbativeto test CMM: maximize �avour e�e
ts (large ∆d̃ , i.e. large yt , small tanβ)CMM model: 2.7 . tanβ . 10Jennifer Girrba
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Higgs mass 
onstraintFor small tanβ lower bound from LEP: mh ≥ 114.4 GeVMSSM: Higgs h0 tends to be light at tree level: mh ≤ MZ | 
os(2β)|
orre
tions ∆m2h ∝ m4t ln (m2t /m2̃t ) ⇒ (too) small for large yt , be
ause ofRG evolution (small stop mass m2̃t )larger tanβ redu
es yt and size of �avour e�e
ts
ould be relaxed by allowing the Higgs multiplets to have di�erentPlan
k-s
ale masses from the sfermions (similarly to the non-universal Higgsmodel (NUHM))small tanβ ⇔ large �avor e�e
ts ⇔ (too) light h0larger tanβ ⇔ smaller �avor e�e
ts ⇔ su�
iently heavy h0Jennifer Girrba
h TUM 20�27 July 2011 EPS Grenoble 17/10



Example pointMq̃=1500 GeV, mg̃3=500 GeV, ad1 (MZ )/Mq̃=1.5, argµ=0, tan β=6 Mew Upward evolution
−−−−−−−−−−→ MPla0=1273 GeV, m0=1430 GeV, mg̃=184 GeV MPl SO(10) & SU(5) RGE

−−−−−−−−−−−−−→ MGUT~̂Au(MGUT)=




0 0 00 0 00 0 46GeV, ~̂Ad (MGUT)=




0 0 00 0 00 0.3 −3.5GeV,~̂Aν (MGUT)=




0 0 00 0 0
−0.0013 0.0023 43.4GeV, non-universal at MGUTm

Φ̃
(MGUT)=diag(1426,1426,1074) GeVm

Ψ̃
(MGUT)=diag(1444,1444,1077) GeV MSSM RGE−−−−−−−→mÑ(MGUT)=diag(1459,1459,1078) GeVmHu (MGUT)=1126 GeV, mHd (MGUT)=1446 GeVmg̃ (MGUT)=211 GeVnon-universal at MGUT

mg̃1=83 GeV mg̃2=165 GeV µ=629 GeVm
χ̃
0i =(640, 632, 159, 81) GeV m2Hd =(1432 GeV)2m

χ̃
±i =(640, 159) GeV m2Hu=−(575 GeV)2Ml̃i =(1427, 1427, 1074, 1462, 1462, 1095) GeVMũi =(1519, 1519, 934, 1501, 1501, 485) GeVMd̃i =(1519, 1519, 908, 1498, 1498, 1164) GeV



RG evolution2-loop RGE in MSSM, 1-loop RGE in SU(5) and SO(10)relate Plan
k-s
ale inputs to a set of low-energy inputs:masses of RH up- and down-squarks of 1st gen. mũ1 , md̃1trilinear term ad1 of 1st gen.gluino mass mg̃argµ and tanβRG evolution from Mew to MPl: �nd universal soft terms a0, m0, mg̃ and DRG evolution ba
k to Mew : 
al
ulate |µ| from ele
troweak symmetrybreakingRepeat RG evolution: Mew → MPl → Mew : �nd all parti
le masses andMSSM 
ouplingsadjust CP phase ξ to �t data (enters RGE via UD) and 
al
ulate observablesJennifer Girrba
h TUM 20�27 July 2011 EPS Grenoble 19/10



Universality of SUSY breakingAssumption of the model:SUSY is broken �avour blind at MPl ⇒ Universality of soft- und trilinear terms.In this sense it is "minimal �avour violating�.
Lsoft=−1̃6i m2 ij̃16 1̃6j−m2̃10H 10∗H10H−m2̃10′H 10∗H′10H′

−m2̃16H 16∗H16H−m2̃16H 16∗H16H−m2̃45H 45∗H45H
−
( 12 1̃6i Aij1 1̃6j 10H+ 12 1̃6i Aij2 1̃6j 45H 10H′MPl +

12 1̃6i AijN 1̃6j 16H16HMPl +h.
.),m2̃16i=m20 1 , m2̃10H=m2̃10H′
=m2̃45H=m2̃16H=m2̃16H=m20 ,A1=A0 Y1 , A2=A0 Y2 , AN=A0 YN ,radiative 
orre
tions lead to a nonuniversal sfermion mass matrix at the GUTs
ale (diagonal in U-basis) [Hall, Kostele
ky, Raby 86; Barbieri, Hall, Strumia95℄m2̃163 = m20 −∆m2̃161 ≈ m2̃162 = m20 + δJennifer Girrba
h TUM 20�27 July 2011 EPS Grenoble 20/10



Bs−Bs mixingMs12,CMM =
G2FM2WMBs12π2 f 2Bs B̂Bs (V ∗tsVtb)2 (CL(µb) + CR(µb))

C = CL+e−2iξ ∣
∣CCMMR ∣

∣fBs√B̂Bs = (0.2580± 0.0195) GeV 2 ΞΦs 2ReHM12
s
L

2ImHM12
s
LPSfrag repla
ements CLCRFigure: SM, exp. data , SM+CMM(Illustration not to s
ale).summer 2010:

− 2βCDFs ≡ −2βSMs + φs ∈ [−1.04,−0.04] ∪ [−3.10,−2.16] (68% CL)
φDØs ≡ −2βSMs + φs = −0.76+0.38

−0.36(stat)± 0.02(syst)afs = −0.0085 ± 0.0028 (68% CL).Assuming no NP in adfs and naively using a weighted average for sinφs :sinφs = −0.77 ± 0.47 (95% CL).Jennifer Girrba
h TUM 20�27 July 2011 EPS Grenoble 21/10
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