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Flavour physics: Mixing and decay

Low energy observables in flavor physics play an
Important role for an indirect search of NP

NP in B: look in CP asymmetries, branching fractions,
mass and lifetime differences

FCNC processes play an important role for the detection
of NP effects

Data from K, D and B; mesons have been consistent
with SM picture = Most of the anomalous results have
been found in b — s transitions = B, meson, interesting
and important portal for indirect detection of NP

|
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Why extrafermion generation?

-

In the SM, the number of fermion generations is not fixed
by any symmetry principle

Simple extension of SM = LHC has the potential to
discover or fully exclude it

Not ruled out by data:

s EW precision data does not exclude the presence of
the 4th generation

» Neutrino oscillation data still allow the presence of an
extra heavy neutrino

It can address some of the currently open guestions =

large baryon asymmetry, fermion mass hierarchy problem, Dark Matter problem...
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Observables as Input !

References : Soniet.al. PRD82 (2010),
Buras et.al. JHEP1009 (2010),
Nandi & Soni, PRD83 (2011)

o |
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CcP violation and K Physics

Indirect CP violation in K; — =,

exc|oc 7 Brokem |ne(AG)*S (@e) + 2net NGNS (e, ) + me(N52)*S ()

ol S(xc,x) = Inami-Lim functions
Theory parameters: By = 0.725 4+ 0.026, fx = 0.1558 +0.0017, xe = 0.94 + 0.02

+277ct’( QZAZS*)S(CCc: xt’) + 2ntt’(AZZAZS*)S($ta xt’) + nt’(Aﬁzs*)ZS(xt’)}
Nis = ViaVi

Measured value: |ey|c.p = (2.32 £ 0.007) x 10~2 = Known with 0.3% accuracy

/ 2
~ Im(\f,,) Im(\f,)
Br(K" —7twvp) = kg [ (A—;X(wt) + )\—5dX(33t’)
) 2
Re(M\f.) Re(Mf.)

Re()\gs)
+ ( ) AP

ke = (5.36 £0.026) x 107, Py(X) = 0.42 £ 0.03 = NNLO QCD
Measured Value: BR(KT — nTvv) = (1.7 £1.1) x 1010

Po(X) + S X (o) + S X () | |

Measured Direct CP violation in K — 7w = ¢’ /e = (1.65 4+ 0.26) x 10~ 3

Theory (¢’ /€): Large hadronic uncertainties ...
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B,-B, (¢ = d, s) mixing

The mass difference: ANM, = My — My, ~ 2|M{,|
M:?Q X Bbqf%q [nt(AZZ)QS(ﬂ?t) + Ny ()\Zb*)QS(xt/) + 214 ()\ZZ) (Af]b*)S(:vt, 331;/)}

Theory parameters: f,4/Bpg = 0.224 £ 0.015 Gev, £ = Jos vV Bbs _ 1.232 £ 0.042
fbd\/ Bbd

Measured, AM, = (0.507 4+ 0.005) ps—! & AMg = (17.77 4 0.12) ps—! (pdg)

Two Important Measurements:

Time dependent CP asymmetry from all charmonium B, decay modes:
sin 285" = 0.676 £ 0.020 (HFAG) = Indications that the predicted sin 235" is larger than
the measured value.  (see talk by Soni)

Time dependent CP asymmetry in B; — J/v¢¢ (at 68% C.L) :

28¢77 € [0.04,1.04] U [2.16,3.10] CDF(5.2 fb—1)
€ 0.767)35 (stat) + 0.02(syst) DO(6.1 fb~1)
€ 0.1340.18 (stat) £ 0.07(syst) LHCbH(337pb~ 1)

Here, 265” = Arg (-M{,/T'{,)
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FCNC: b — s trangtions

., N

In the leading log approximation the B — X+ branching fraction (perturbative) :

Br(B—Xyy) _ [Mb|® 60|05 (my)|”

R = Br(B—Xcebe)  |Vop|2 7f(Mc)r(me)

AL _
CEot(n) = Cr(p) + )\fz CL(w), Vep=(41.24+1.1) x 1073

Theory inputs: 7. = 0.29 + 0.02, f(me) = 0.542 4 0.045, k(7h.) = 0.88 4 0.003
Measurements: BR(B — Xsv) = (3.55 £ 0.25) x 10~ * (PDG)
BR(B — X fv) = (10.61 4+ 0.17) x 10~2 (PDG)

® The branching fraction for the decay B — X474~ z = ¢*/m; :
Br(B — Xs£747) o [AL[ /(1 —2)? [ +22) (IG5 +[C15" %)
2
+4 (1 + —> (CLot2 4 12Re(C$OtC§Ot*)} dz
4

BR(B — ng—i_g_)low(l GeV2<q2<6GeV2) — (160 + 050) X 10_6, PDG
BR(B — X3€+£_)high(14.4GeV2<q2<m%) = (0.444+0.12) x 107°%, PDG

o |
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-

Other important inputs

-

® Non-decoupling oblique correction:

Ty (|V§s'b/|25mt/b/ + |Virp|20myry + |Vipr |20myy — |Viry|20mep + |Vt/s|25mt/s)

" 2 2
Terms sensitive to m,/ OFr my, @ dmio (m% + m% m?imQ ln(m /m2))

SM4 elements that can be constrained: |V,/,|? and |V,/ |2 (Vi ~ Viy & Viry = Vi)
Measured Value: 7y = 0.11 +£0.14, PDG

Vertex corrections to Z — bb (4G sensitive term) : I'(Z — bb) (1 + 55)
The loop corrections to the vertex mediated by W boson:

—92 m2 2 m2/ 2
Sy =~ 10 ((— SmZ +0.5>|th| + (— 2mZ +O-5>|Vt’b| )
Vertex correction sensitive to |V, |?

Measured Value: Ry, = 3ol = 0.216 £ 0.001
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Parameters: Scan or y* Fitting

Parameters need to Scan or Fit

® Unitarity: Abp =1 =AU — Aoy = Alpand A =15 — A5, — A,

Nt | i85, T rq(8%, -89
®  Unknowns : [Xf, |e™¢ AL e, [AE e O =% Vi |2, [Vir o]
At At * At *
® Further Replacements: |V,/,|? = Zsb5db |V, |? = Zsblds
Azis Agb
® Otherinputs: v = (75.0 = 22.0)° and |V,,;,| = (32.8 £3.94) x 10~*
Methods :
® Scan Method (RAN1): [Nandi & Soni, PRD83 (2011)]

Constrain used = Ty + Ry, + |ep| + AMy + AMs+ Br(B — Xsv) +

Br(B — X £T07) +BR(KT — mTvv)
® 2 Fitting using MINUIT [y = ((4 — A®)/A°™")?] .
Total X2 = X|2€K| + X%{"‘_)ﬂ-"‘y;j + X2AM3 + X2AMd + X2B—>XS It 1~ :low *

2 2 2 2 2 2.2
XBo X, 1+ 1—high T XBoX.y T XRy,, T Xa, ¥ X1, ¥ X5XY,,
...Work in Progress ( Alok, Dighe, London, Nandi)

o |
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Results: Scan and Fit

Elements Allowed ranges
Scan Fitting ( at 10)
mys (GeV) =[375,575] | my =400 GeV | mu =575 GeV
AL %104 <21.0 0.26 & 0.50 0.13 4 0.24
AL, %102 <15 0.85 4 0.64 0.37 4 0.47
AL |x10% <37.4 0.48 4 0.70 0.27 4 0.39
52, (rad) Fig. 1.39 =+ 0.30 1.41 + 0.48
4.93 + 0.30 4.91 4 0.48
&% (rad) [0,27] 4.53 £ 0.46 4.42 4+ 0.78
1.79 + 0.44 1.65 4 0.75
x2/d.o.f N.A. 3.57/5 3.81/5

Indirect Constraint:
V| = 0.07 £ 0.09 for mys = 400 Gev, 0.04 £ 0.06 for mys = 575 GeV
\Vt/sy = 0.13 £ 0.16 for my» = 400 Gev, 0.09 + 0.12 for m;, = 575 GeV
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AL . Magnitude vs Phase

Nandi & Soni, PRD83 (2011) ..
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Here m; = [375GeV,575GeV]..

® The magnitude of different SM4 product couplings reduce with the increase of m,,
® For slightly higher values of |>\§’b|, 6%, has two distinct solutions...

® Due to the constrain from |ex

, along with 5;‘,, 5?, has two distinct solutions..

o
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Correlation: S, with |\, ]

For m;, = [375GeV, 575GeV]...Nandi & Soni, PRD83 (2011)

0.6

0.4 | o ]

02} -

Similar effects on S, :

;o Soniet.al. PRD82 (2010),

ool Buras et.al. JHEP1009 (2010)

0.4} r«é** &iz

0.6 .

0 0002 0004 0006 0008 00l 0012
A" spl

® Depending upon the constrain on |>\g'b : can reach up to £0.6..
® SM4 prediction: ¢s = 4(0.29 + 0.23) (rad)

= +(0.18 £ 0.23) (rad) ....work in progress
= Allowed by the present data within the error bar..

..... Work in Progress ( Alok, Dighe, London, Nandi )
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A

B,-B, mixing: Sizein SM4

...... Nandi & Soni, PRD83 (2011)
= My = M"Y Afe':

= In SM, |As| = 1

= my = [375GeV, 575GeV]...

® Uncertainty in |A;| is limited by the lattice calculations...

® |A,| decrease with the increase of |Sy,,|..

B SM4 prediction:| A, | = 0.92 + 0.11...m; = 400 GeV

o

=0.95+0.12 ...my = 575 GeV
..... Work in Progress ( Alok, Dighe, London, Nandi )

|
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Correlation: a$, vs Sy

Soniet.al. PRD82 (2010), Buras et.al. JHEP1009 (2010), Nandi & Soni, PRD83 (2011)

sl

9

L I

-0.03

-0.025 }t me= [375 Gev,575 Gev] F I Nandl & Sonl, PRD83 (2011)

(FS1o/M%)ey = 10 (red) _ I8 sin ¢y
0.02 } o = 20 (blug) | = ag = lezsm |As]
0015 | 1 = InSM, 2o = (4.97 +0.94) x 1075..

12
oo | =a”" =(21£0.6) x 10~° JHEP 0706, 072
0,005 M* 1 (2007)
0 . . . .
0 -0.2 -0.4 -0.6 -0.8 -1
ST

= A% = (—0.787 £ 0.172 £ 0.093)% by D@ Col. 1101.6308 [hep-ex]
= 3.90 deviation from SM prediction

Extracted a?, = (—1.81 4 1.06)%

SM4 prediction , a$,= £(0.002 4= 0.001)...m = 400 GeV
= 4+(0.001 + 0.001) ...my = 575 GeV
..... Work in Progress ( Alok, Dighe, Lon-

don, Nandi)
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Correlation: Sy, and Acp(B — Xy7)

Soniet.al, PRD82 (2010), Buras et.al, JHEP1009 (2010)

0.01

0.008 |

0.006 |
0.004

0.002
ot
-0.002
-0.004
-0.006
-0.008

Acp(B->XY)

B—Xgvy L
AC’P —

® The current world average: (—1.2 £+ 2.8)%

-1 -09 -08 -0.7 -06 -05 -04 -03-0.2-01 O

Sy

....Soniet.al, PRD (2010)

-

F(B — Xsv) — (B — X57)

I'(B— Xsv) +I'(B — X357)
(0.4479%8)%, SM(E,, > 1.6GeV)
..Hurth et.al (2003)

..... Barberio et.al (2008)

® Future Experiment: 0.4% — 0.5% Super-B....Browder et.al. (2008)

Obs my =400 GeV my =575 GeV
$s =0.29+0.23 | —0.29+0.23 | 0.18+0.23 | —0.18+0.23
AT X (o) 1.23 +0.51 —0.05+0.50 | 0.89+0.41 0.27 &+ 0.40
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Correlation: Sy, VS Br(Bs — putu™)

Soniet.al.,, PRD82 (2010), Buras et.al, JHEP1009 (2010)

3e-08

2.5e-08 T | Soni et.al, PRD (2010)

::: 2e-08 |
/?- tot |2 /
o LSe08 [ - N Br(Bs — 1T17) o< By ’012]|\4|A |
0 x s
" le08) fur =00V | ® SM prediction: (3.35 £ 0.32) x 10~

5e-09 J"‘ ey ..Buras, PLB566 (2003)

0 02 04 06 08 -1
ST

® | HCbbound: Br(Bs — ptp~) < 1.1 x 1078 95% CL,...Talk by Raven at LPI (2011)
® InSM4, Br(Bs — ptp~) increases with the increase of S

® SM4 predictions : (3.47 +1.92) x 10~ for my = 400GeV
(3.32 £2.76) x 10~? for my = 575GeV
..... Work in Progress ( Alok, Dighe, London, Nandi )

o |
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Corréation: Br(B, — p ) and Br(B — Xwo)

Soniet.al.,, PRD82 (2010), Buras et.al, JHEP1009 (2010)
1.x10°%
axi0® ol | Buras et.al, JHEP (2010)
gs.xlo—ﬂi
i; 0_9: Br(B—Xsvp) 1+ Az/b Xo(xyr) 2
0 At Xo(2e)|” = Aoy Xo(zt)
2.x107 o
' ® SM prediction: (2.7 +0.2) x 107°

%" 05 o s 20 JHEP04 (2009) 022
Br(B - XSVT')/BI(B = XV )om

® For larger values of S,;,,, an enhancement over the SM prediction is possible...

® Current experimental bound: Br (B — X vi) < 6.4 x 10~4

® SM4 predictions : (2.04 £ 0.66) x 1072 for my = 400GeV
(2.04 £0.95) x 10~ for my = 575GeV
..... Work in Progress ( Alok, Dighe, London, Nandi )

o |

Soumitra Nandi Key Observables SM4 IPPP (UK) — p.18/22



Corrélation: Br(Ky, — 7°vi) Vs K ntup

Soniet.al.,, PRD82 (2010), Buras et.al, JHEP1009 (2010)

—_—
|~
-
[=]

Br(K;—nm

1.2x10°%F

1.x1079}
8.x107 10}
6.x 10710}
4.x 10710}

2.%x 10710}

0

Br(K*—n*vv)

® Br(Kp — i)
m / 2
(33 (e0) + T2 X)) |

® SM predictions:

Br(Kp — 7%vp) = (2.8 £0.6) x 10711

Br(Kt — ntvi) = (8.54+0.7) x 10711

...Buras et.al, PRL95 (2005)

® Br(K; — 7v) increases with the increase of Br(K+ — ntvi)
= current SM4 allowed range < 1.2 x 10—%

® SM4 predictions : (2.44 £ 3.21) x 10~ for my, = 400GeV
(3.22 +6.04) x 10~ for my = 575GeV
Work in Progress ( Alok, Dighe, London, Nandi )

o
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ACP and Arp inb — sl

Soniet.al.,, PRD82 (2010)
® Direct CP asymmetry in B — X /T/7:

o

»
»

o
»

Inthe SM, A p(B — X017/~ ~ 0 in the high-¢g? region

In SM4, Acp(B — Xs£T¢7) can be enhanced up to 1% and it is highly
correlated with S, ¢

Super-B can measure Acp(B — X T4~ with an ~ (1 — 2)% accuracy

No significant deviations from SM in the low-¢? region..

® The Forward-Backward asymmetry A5 (g?) in inclusive or exclusive b — s/~
decay:
® No significant deviations from SM....
® Zero crossing of Arp(g?) is also consistent with SM....
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Conclusions

., N

Shortly after the discovery of third generation, a fourth generation was an obvious
extension = Consistent with Electroweak precision test

® Heavier quarks with masses (400 — 600) GeV can play a crucial role in dynamical
electroweak-symmetry breaking...

SM4 offers a simple explanation to many anomalies seen in B and B system..

Several processes wherein SM4 causes large deviations from the expectations of
SM3; for example Ky, — 7%vi, Syp, Acp(B — Xs7... etc = may provide further
indirect evidence for an additional family of quark

® Precise measurement of S, 4 or Br(Bs — ) will improve our understanding of
4G effects in b — s transitions....

o |

Soumitra Nandi Key Observables SM4 IPPP (UK) — p.21/22



Thank you !

o |
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