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Why not? J




The SM4 highlights

©

Consider a fourth, sequential generation of quarks (¢,¥)

©

The CKM matrix has to be generalised to a four generation
model, thereby the model is described by a set of 10 parameters

tho, 013, O1a, O3, O24, O34, 013, 014, 024, My

©

The operator structure does not change

©

Currently there are the following (rough) bounds on the new
parameters

514 < 0.04, s94 < 0.17, s34 < 0.27,

300GeV < my < Min (600GeV, My /|s34])

CHANOWITZ ET. AL. PHYS. REV. D 79 (2009) 113008
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More sophisticated bounds on the mixing angles

EBERHARD ET AL. (2010)

Take into account all contributions to the S and 1" parameters J
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o Strong correlation between si4 and so4 from FCNC constraints

o Correlation between s34 and my from EWPT
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Colour-Coding

| | BSI (yellow) | BS2(green) | BS3 (red) |

Sy 0.04 +0.01 0.04 £ 0.01 > 0.4
Br(Bs —putp) | (2+£0.2)-107% | (3240.2)-107% | >6-1077

light blue stands for Br(K; — 7%vw) > 2-10710
dark blue stands for Br(Kj — nlvp) < 210710




A first look at rare B decays, Br(B, — pu"u")
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o Big enhancements in Br(B, — p*u~) possible but not

simultaneously

o non-CMFV nature of the SM4 clearly seen in this correlation
o Maximal deviations possible if one of Br(B, — utu™) is SM3 like
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Br(B, — pu ™) vs. Sye

tot __ +0.18 +0.14
ep. = —(0.39Z514) [_(1'18—0.18)] (HFAG)J
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o Enhancement of Sy4 > 0.5 implies enhancement of
Br(Bs — ptu™) together with Br(By — utp~) ~ (1—-2)-10719
o For small Sy a suppression of Br(Bs — ptp™) is also possible
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B — Xyyand B — X 010~

o Br(B — X,v) was calculated
at LO for peg = 3.22GeV to
have the LO formula mimic
the NNLO result

o Br(B — X (T¢7) was
calculated at NLO and

0.00040

0.00035

Br(B-X,y)

0.00030

0 2.x1077 4.x1077 6.x10~7 8.x1077 rescaled to mimic the
r(B - X, ’ . .
A a0t corresponding (partial) NNLO
result

The correlation is not as strong as for other observables, but the
measurement of Br(Bs — p 1) would highly constrain the allowed
area.
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Br (K — 7%vp) vs. Br (KT — 7tvi)

o Enhancement by orders of
magnitude possible!

o Only mild correlation with
the B system

0 1x10710 2610710 3.x10710 4.x10710

Br(K*—z*vw)

o For big enhancements of Br (K, — 7%v), Br (K — ntww) is
enhanced too, but the reverse is not true

o The lower branch is tightly constrained through
Br (K — p pu)gp

Br(K* — ntvp),, = (17.37152) 1071 J

E949 CoLLAB., PHYs. REvV. LETT. 101 (2008) 191802
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¢'/e and Sy .. .there is a connection after all

o ¢’/e very well measured J

O Theoretically demanding due to the importance of non-pert. corrections.

5/

€le

/€ vs. Syg for different scenarios of the non-pert. parameters Rg and Rs
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(R6, R8) = (1.0,1.0) (R6, R8) = (1.5,0.5)

o In general the SM4 can satisfy £’ /e for any set of hadronic
parameters

o For Syg > 0.4 we need special values of R6 and I8 in order to
reproduce the data
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Taking €’ /¢ as a constraint: Preliminaries

What happens if we take £’/¢ as a constraint?
Procedure:

o Turn the argument around and assume one of our scenarios for
R6, R8 to be correct.

o Take a very conservative error for ’/e and use &'/e as a
constraint.

o Colour code:

| Ro | Bs | |
1.0 | 1.0 || dark blue
1.5 0.8 purple
20 1.0 green
1.5 ] 0.5 orange
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¢’ /e as a constraint

@ For Syg > 0 the t and ¢’ contributions (Z penguins) are both negative and
cancel out the QCD penguins

O B8 < 1 lessens the influence of the Z penguin, while B6 > 1 strengthens the
QCD penguins
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o ¢'/e constrains Sy, asymmetrical

o For £/e to agree with the data concurrently with Sy, > 0, we
need R6 > 1, R8 < 1 and R6/R8 ~ 3 .
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¢’ /e as a constraint I

o As anticipated ¢’/ poses a constraint on K — wvv, but much
milder than usual

o Close to the GN bound spectacular enhancements of
Br(Ky — mvw) are still possible
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@ Reminder: Operator structure not changed, but CKM elements might differ
their SM values, esp. Vis and Viq

o Im)\EK) can be enhanced, which helps to circumvent bounds from &/¢
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_CP Violation in D" — DF (557 vee )

nySypl%]

-0.8 -0.6 -0.4 -0.2

0.0 0.2

o Big deviations from the SM3 prediction (close to zero for both)
are possible

o three-way correlation between nfSJl?, a} and Br(Kp — n%vp)




g'/e and Sy, or how to kill CP-violation in DY — DY

Sye free Sye >0 Sye > 0.2

o With €’/e as a constraint, from left to right the possible CPV
vanishes

o ¢’/e clearly diminishes CPV in the D° system, even without a
constraint coming from Sy

o Imposing different Sy, constraints further shrinks the possible
CPV in the DY system, however it is still by orders of magnitude
above the SM prediction.
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LFV mixing & constraints

LACKER & MENZEL 10

o Lepton universality:
Ueal ~ Ul

o Radiative decays:
‘U64U:4‘ small

0.002
%

0.001
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U]

Lepton universality (shaded areas) provides a stringent bound on
the matrix elements Ueq and U,y
The radiative decays provide an orthogonal set of constraints

©

©

Future experiments on u — ey and X — Xe can push both
matrix elements below 1%

©
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LFV: prospects |

o Both decays are |U,U .4
and m,, dependent

o The additional CKM
dependence of um turns
out to be small

SuperB

1010

Br(r —» un)

10712

10714
10714 10712 10710 1078

Br(r > puy)

o Strong correlation, saturates current bounds.

o If was measured the other would have to be around the same
order of magnitude
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LFV: prospects Il

o 7 — py: |UXU,4| and
my, dependent

Br(r > uy)

o 7 — ey |UXYUe4| and
m,,, dependent

10710

Br(r »ey)

o Mild correlation between 7 — uy and 7 — ey through u — ey
and lepton universality

o Future and current bounds are saturated
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Messages and Conclusions

The SM4 provides a set of interesting features

Qo

Both Br(Bs — pu*p~) and Br(By — u ™) can be

increased /decreased compared to the SM3 but not simultaneously
For Sy > 0 an enhancement of Br(B; — p'pu7) is needed

A suppression of Br(Bs — utp™) is possible for Sys SM3 like

In Br(Kj, — 7vi) and Br(K+ — 77 vi) there is, independently
of the B system, still much room for big enhancements

¢’ /e could become a very important constraint, if R6 and R8
were known to moderate accuracy

CP violation in the DY — D° system can be drastically diminished
through the interplay of ¢’/ and Sy

LFV with a fourth generation is highly predictive due to the very
small number of parameters
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Thank you for your attention!




Backup
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o From no correlation to a strong correlation (for Sy4 > 0)

o For Syg > 0 no big enhancements of Br(Kj — mvr)




_B > Xovw and By o i

1.x10°8

8.x1079
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Br(B — XSW)/BL‘(B —= Xovv)sMm

o B — X,vi and By, — utpu~ are strongly correlated
o A similar correlation between B — X,viv and B — X /¢~ exists




Sem

0.004 ;
I
:
0.002 } i :
I
I
I
,3 I
2, 0.000} !
= |
I
I
~0.002}t Wy
I
I
I
I
-0.004 - .
~1.0 05 0.0 0.5 1.0
Sy



2 i
]
]
]
I
1_
= 0
o
To
=2 _1_
_al
210

Sy



G. BucHALLA, G. HILLER, Y. NIR, G. Raz, JHEP 09 (2005) 074

Ay = A° (1 ajel 43 ( + b W) ONP (MW)> J

o b, by, from non-pert.
|Ayletr =~ A‘} 1+ rf;fs—)
‘ o ratio af of SM amplitudes

Tokg = —0.248 Yo(zy) +0.004 Xo(zp) +0.075 Zo(zp) — 0.7 Eé(l‘t/)

Sy = —nysin [2 (90}53 + w)] J




Stxg as a function of Syg

The SM4 provides the 'right’ correlation to accommodate the most
recent measurements for Syx, and Sy

1.0

1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5

o LO approximation of the hadronic parameters involved, no strong
phase.

o Enhancement of Sy is always accompanied by a suppression of
both S¢KS and SH'KS'

o A more detailed analysis of the involved hadronic parameters
would be desirable.
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Constraining Br(X — mv7) through 8 (e

Ty = Br(Kp — pu™ ™ )sp

Tx =Br(K+ — ntwvw) — %BT(KL — D)

25%10710

o Ty and Tx are strongly
correlated

2.x10710

15x10710
&
1.x10710

o Br(Ky — m%vv) does not
get directly constrained

5.x 10711 | 8685

o 510710 1.x107% 15x107 2.x107 25x107°
Ty

Br (K = p*p”)g, <25-107" G. ISIDORI ET. AL. JHEP 01 (2004) 009
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LFV: prospects |
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