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Why not? ]




Why a fourth Ge

o The Standard Model with a 4G (SM4) could explain the Sy4 and
S¢rg anomaly

SONI ET AL., PHYS.LETT.B 683 302-305 (2010)

o A fourth generation (4G) could trigger dynamic breaking of the
electroweak symmetry
B. HoLpoMm (1986), C. T. HILL ET. AL. (1991), S. F. KinG (1990),
HUNG ET. AL. (2009)

o Electroweak baryogenesis might be viable in the presence of a 4G
W.-S. Hou ET. AL. (2009), Y. KIKUKAWA ET. AL. (2009), R. FOK ET.
AL. (2008)

o see also various papers by for example
HERRERA, CHANOWITZ, KRIBS, ...



The SM4 high

o We consider a fourth, sequencial generation of quarks (¢, 1)

o The model is described by a set of 10 parameters

0125 0137 9147 0235 9247 9345 5137 5145 5247 my

+ known quark masses etc.
o The CKM matrix can be generalized to a four generation model
o The operator structure does not change

o Currently there are the following bounds on the new parameters

S14 S 0.04, S924 S 0.17, S34 S 0.27,

300GeV < my < Min (GOOGGV, Mw/|834|)

CHANOWITZ ET. AL. PHYS. REV. D 79 (2009) 113008
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Generalized Wolf

A= 812, So3= AN, s13€"013 = A)\3(p +in) = AN Zy

512601 = XMz 594€ = A2z, s34 = \"B,

For the maximally allowed mixing s14 ~ A2, 594 ~ A, S34 ~ A we obtain
the following approximation up to O(\3)

p A Az A2k
-\ 1-2 (1427 A4 Az
NA(1—z,) A (A+Bz) 1-2B? \B
2
A (=2 + 20) —Azo —\B 1— 2 (|20|* + B?)
0 0 0 0
1 * 2
3| 3 (=222F + |20]%) 0 0 0
+A B(—2r + 20) 0 0 1B
0 2 (20(14 B*) +24B —2z;) —Az, 0



Generalized Loop

similar to BLANKE ET. AL., JHEP 01 (2007) 666

We introduced generalized Inami-Lim functions
IO — Iz = |Iz|619}

for =5, X,Y,... and i = K, s,d

9 in contrast to the std. ones they are non-universal and
complex-valued
o enable us to study universality-violation in a systematic manner
e.g. Xy, relevant for K — mwvw, will change as follows
AW
Xll = Xo(l't) + L)((33,5/) + Ai

A



W:I:
L A<D forg=d,s
(Q) /. *
u,c,t,t's Yu,c, t,t' A= Vab
Y Y for the K system
e VAVAVAVAVAVA A( ) =V Vi
b W= s,d
G2 2 —6/23 agf’)
My = selsMime (A7) S, [af?] s | QUAB =2)
@ /\@\? (@ /(@
M A M [ A
Sq = S()(%t) + < ) SO(xt’) + 2 < ) SO(SCt,CCt/)
2 X9 7\
For the B system we can neglect all the charm contributions J




Colour-Codin

‘ | BSI1(yellow) | BS2 (green) | BS3 (red) |
Sy 0.04 +0.01 > 0.4
Br(Bs, — ptu) (3240.2)-1077 | >6-107Y

dark blue stands for Br(K; — 7'vi) <2-10710




Universality Violation

AF = 2 master functions

|Sk| vs Arg(Sk) |Sa| vs Arg(Sq)

o5Kirad) o5 irad) os°Irad)

o hierachic effects in |.S;| resulting from the hierachy in |)\§i)\
Q 9§ < 0 preferred as a solution to the ex anomaly in the SM3
o 9% constrained through Sy but 9% > ( is preferred

o 0% currently not directly constrained, however Sy > 0.4 would
require a substantial phase

ex and AMg only put relatively mild constraints on the SM4!
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Constrain

Ty = Br(Kp — ,U«+,U«_)SD

Tx =Br(Kt — ntvw) — :—JL“Br(KL — o)

25x10710

o Ty and Tx are strongly
correlated

2.x10710

15x10710
&

1x10710

o Br(Ky — 7v) does not
get directly constrained

510711 il

0 5.x10710 1.x10%  15x1079 2.x1079 25x1070
Ty

Br (K — p*p~)g, <25-107°  G. ISIDORI ET. AL. JHEP 01 (2004) 009



Br (K — n'vw) vs

o Enhancement by orders of
magnitude possible!

o Only mild correlation with
the B system

3.x10710 410710

0 1L.x10710  2.x10710
Br(K*»rtvw)
o For big enhancements of Br (K, — n%vv), Br (K+ — ntww) is
enhanced too, but the reverse is not true

o The lower branch is tightly constrained through

Br (KL — :U’+:U’_)SD

= (17.54§3) 1071 |

E949 CoLLAB., Puys. REv. LETT. 101 (2008) 191802

Br (KT — ntvn), =




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

Ap = AS <1+a;e”+z( o+ b, W) c}VP(MW)> J

| e o bfl, 1;1 from non-pert.
|Af|6“pf ~ A? (1 + Tf)\’é—ls)) QCD
¢ o ratio af of SM amplitudes

ToKg = —0.248 Y()(:Et/) + 0.004 Xo(wt/) +0.075 Zo(wt/) —0.7 E(I)(:Et/)

sz—nfsin[ (goté’;+<pf)] J




Rare B and K decays

Stk as a function of Sy,

14/27

The SM4 provides the 'right' correlation to accommodate the most

recent measurements for Syx. and Sy

10 —

0.9

0.0 0.4
-10 .5 . .5 X -10 -05 0.0 0.5 1.0

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

o For Sys > 0.7 all the points 'miss’ the 1o range of S,k

o A more detailed analysis of the by; parameters would be needed in
order to turn the above into solid predictions.

T. Heidsieck  Flavour Violation in the SM4



| Br(B, — ptu~) vs. Sy

Br(Bs — ptu~) will be measured in the near future at the LHC

tot __ +0.18 +0.14
¥B, = —(0.39%511) [_(1'18—0.18)] (HFAG)J
12x107% 1x1078
1 xw"’} : B,XIO'Sé
~ 8.x10710} : ~ |
= 4 = 61070
iﬁ x10710 i t |
;;; X xll)'mé E 4Axm’95
2 xm"“% 2.x10-95
of H
-10 10 “10 ~05 00 05 10

Sys

o Big enhancements in Br(B, — p*u™) possible but not
simultaneously (— non-CMFV nature of the SM4)

o Enhancement of Sy, above 0.5 implies enhancement of
Br(Bs; — utu)




Rare B and K decays

g'/e and Sy ... there is a connection after all

16/27

Sy vs. €' /e for different scenarios of the non-pert. parameters Rg and Rs

€fe

0.005 0.005

0.004 0.004

0.003 0.003

0.002 0.002

0.001 0.001

0.000 0.000

-0.001 ~0.001

—-0.002
— 1.

-0.5 0.
Syip

(R6, R8) = (1.0, 1.0) (R6, R8) = (1.5,0.5)

0.5 Lo

o In general the SM4 can fit €’ /e for any set of hadronic parameters

o For Sy4 > 0.4 we need special values of 6 and RS in order to
reproduce the data

T. Heidsieck  Flavour Violation in the SM4



Conclusions

Messages and Conclusions

17/27

All existing tensions in the SM UT fit can be resolved
simultaneously within the SM4

In particular the Sy, anomaly can be resolved while suppressing
Sy g in accord with the data

The desire to explain the S, anomaly implies an (spectacular)
enhancement of Br(Bs; — putu™)

In Br(Kp — mvi) and Br(KT — 7Tvi) there is, independently
from the B system, still much room for big enhancements

¢’ /e could put the SM4 under pressure if the measurement of
Sue > (Sye)sm was confirmed

T. Heidsieck  Flavour Violation in the SM4



Thank you for your attention!
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Backup

The constraints from €x on the K sector

20/27

_ -2
M{; = )\z(h) NeeSo(Te) + +2 (K))\*(K))\Z(K)So(xt,xc)

o The individual parts of M1,
: can deviate up to an order
of magnitude from their SM
value

N o Deviations are cancelled out
~1.x1077 ‘ R i

due to correlations between
~0.0015 -0.0010 fU.UUl;S IL\]({!(ZL:(; 0.0005 0.0010 0.0015 the |nd|V|d ual parts
m(A; K

Part;(Im(M 1,5 1)

Im (AgK)XK) can be enhanced by an order of magnitude
SM =~ 0.0002

T. Heidsieck  Flavour Violation in the SM4




B — Xyvyand B —

o Br(B — X4v) was calculated
at LO for peg = 3.22GeV to
have the LO formula mimic
the NNLO result

o Br(B — X *07) was
calculated at NLO and

0.00040

0.00035

(B-Xgy)

B

0.00030

0 20 aa0? e’ a0 rescaled to mimic the
Br(B > Xs I*r)qhu.wevz . .
corresponding (partial) NNLO
result

The correlation is not as strong as for other observables, but the
measurement of Br(Bs; — ptp~) would highly constrain the allowed
area.




)\(1)

(IZ)I )\(Z) 77(22 )\(i)
Sz So(xt) + t(;) O(CUt/) +2 t(i) So(xt,xtr)

(i )\(1)

(1) )\(1)>\( i)
+ 2 ft) < )\(1)2 )So(:ct/,:cc)
tt t

(K (A E)
Ty =Br(Kr — p"p )sp = 2.08 - 107° ( A P(YK)+%>

Va
() oty (K) ye y\ 2
BI'(K+ d 7T+I/I7) = K4 |:(Im(|>\vus|§f ) ( + _Re(l)“;us|§K)> :|

Tx = red part




Backup Classification of the new mixing angles

Classification of the new mixing angles - Preliminaries

23/27

Following T. FELDMANN, T. MANNEL, JHEP 02 (2007) 067

o The SM4 is a particular realisation of the
next-to-Minimal-Flavour-Violation (nMFV) framework
o The new flavour violating structures are generated by one spurion,

XL ~ (37 1, 1)0,0,1

which is a triplet of SU(3)q, and charged under U(1)¢y

o To preserve the SM power-counting in the CKM parameters the
following consistency relation has to hold

|Oc)ill(xe)sl < 63, (i,j=1...3)
& 00 S 0y, (i,5,k=1...4)

o A special way to ensure this relation is to consider a simple
Froggatt-Nielsen (FN) setup

T. Heidsieck  Flavour Violation in the SM4



Backup Classification of the new mixing angles

Four Benchmark Scenarios

We defined four Benchmark Scenarios, charaterized by the scaling of
the three new mixing angles in terms of Wolfenstein A

4,3,1)  (2,1,1)  (2,3,1)  (3,2,1)

| Scenario ningng || (a) 431 | (b) 211 [ (c) 231 | (d) 321 |

m A /A s | OO | 0) 0(1) 0<A>

m 2O su| | 002 | o) | 002 | o
o) | o) | O

Im (A0 syl | 0
Im EK)/AEKHSM O

on?) | on) | oq)

(
(
Im A A 0| | oz
(
( O\ | O\ | O\
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(2,1,1) + (2,2,1)
class 1a: 614 < 024 < 014 + %, 024 < 0.
class 1b: 614 — § < 24 < 014, 024 <O.
class 2a: 014 < 024 < 014 + %, d24 > 0.
class 2b: d14 — § < 24 < d14, 0G24 > 0.

(3, 2, 1)
class 1a: 014 < 024 < 014 + %, d24 < 0.
class 2a/3a: 014 < 024 < 014 + ‘%’r, d24 > 0.
class 3b: 014 — %r < 624 < 014.

(3,3,1) + (3,3,2)

class 3a: 614 + % < 24 < 014 + %
class 3b: 014 — 3{ < 024 < 014.
class 40 514 — 9{ < G4 < 014 — 2E.




Classification of the new mixing angles

la 2a 3b
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Disentangling Correlations Usin_

...adding K decays

10°-Br(Kr, —p " )sp vS. 101°.Br(K+ —ntwp)

la 2a 3b

Yo T 2 3 3 ] 1 2 3 3 o

1 2 3 )

o The different classes are responsible for different structures in the
correlations

o One correlation is not enough to clearly distinguish all classes,
taking into account more correlations enhances the 'resolution’
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