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Flavour physics

studies transitions between fermions of different generations.

flavour = fermion species
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Gauge group: SU(2) x U(1)y

(Ul )

doublets: Q/ = ( ;| und L) = | L
dL EL

j = 1,2, 3 labels the generation.

t 1%
03 (L 1_ [PeL
Examples: Q/ (bL)’ Lt = (GL)
singlets: u,j?, dé and e,‘;{.

Important: Only left-handed fields couple to the W boson.



Gt
Higgs doublet H = hoige | withv = 174 GeV.
VIS

_ v 4+ he=ic?
Charge-conjugate doublet: H = V2
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Yukawa interaction

Gt
Higgs doublet H = horigo | with v = 174 GeV.
VT

~ v+ h?—iG°
Charge-conjugate doublet: H = G\ﬁ ,,,,,,,,,

Quark Yukawa lagrangian:

dAi k ~ig .k

The Yukawa matrices Y ' are arbitrary complex 3 x 3 matrices.
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With three unphysical rotations in flavour space achieve

N yu 0 O N
Yi=Y'=(0 y. 0 and Yd=vivd
0 0 wn
R vg 0 O
with  Y9=|0 ys O
0 0 w
andy; > 0.

V is the Cabbibbo-Kobayashi-Maskawa (CKM) matrix.
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With three unphysical rotations in flavour space achieve

N yu 0 O N
Yi=Y'=(0 y. 0 and Yd=vivd
0 0 wn
R vg 0 O
with  Y9=|0 ys O
0 0
andy; > 0.

V is the Cabbibbo-Kobayashi-Maskawa (CKM) matrix. Rotating
d} = VjdX

diagonalises Y ¢ and puts the Cabbibbo-Kobayashi-Maskawa
(CKM) matrix V into the W boson vertices.
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Flavour physics is governed by extremely small numbers:

R 107° ~7-107° (12+6i)-107°
yd —viyd = 4.10°6 3.10°4 ~6-10~4
+6i)-10~ - .10~
(2+6i)-108 1075 2.102

evaluated at the energy scale m;. Off-diagonal element with
largest magnitude: Viy, = —6- 1074,

Flavour puzzle of the Standard Model
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Flavour physics is governed by extremely small numbers:

R 107° ~7-107° (12+6i)-107°
yd=viyd = 4.10°° 3.1074 —6-10"*
(2+6i)-1078 10°° 21072

evaluated at the energy scale m;. Off-diagonal element with
largest magnitude: Viy, = —6- 1074,

Flavour puzzle of the Standard Model

Flavour-changing neutral current (FCNC) processes are further
loop-suppressed. =- EIl Dorado for new-physics searches.
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Expand the CKM matrix V in Vs ~ A\ = 0.2254;

_X 3 2\ (= i
Vud Vus Vb 2 A AA (l+ 2)(/0 '77)
Vea Ves Veo| = | —X\—iA2)\5q _x AN2
V V V
td ts th A>\3(1—ﬁ—|ﬁ) —A)\Z—iAA4ﬁ 1

with the Wolfenstein parameters A\, A, 5,7
CP violation &7 # 0
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[Vub| = Conclusions
Expand the CKM matrix V in Vs ~ A\ = 0.2254;
Y X AR+ F)p-im)
Vud Vus Vub 2 2
Vie Vis Vu
AN(1—p—in) —AN2 —iANY 1

with the Wolfenstein parameters A\, A, 5,7
CP violation &7 # 0
Unitarity triangle:
Exact definition:

Vb Vud
Vb Ved
_ ‘VJqud
B V:bvcd

p+in = —

el




If ATLAS and CMS find particles not included in the SM:

Flavour physics will explore their couplings to quarks.
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Win-win situation

If ATLAS and CMS find particles not included in the SM:

Flavour physics will explore their couplings to quarks.

If ATLAS and CMS find no new particles (apart from the SM
Higgs boson):

Flavour physics probes new interactions associated
with particle masses exceeding 100 TeV.



Basics B—B mixing |Vub Fq,/, Conclusions

Flavour experiments

advantages disadvantages
LHCb b, c best statistics no decays w.
missing energy
Belle-ll, b,c, 7 good for photons, less statistics
SuperB missing energy, than LHCb,
coherent (B, B) latecomers
BES-III C, T coherent (D, D) smaller 7 pro-
duction rate
NAG2 KT — 7Tvr bestfor K+
and other K
KOTO K. — 70w best for K,
MEG 1 — ey, eee best for charged
LFV

Project X pu, K, v
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New-physics analysers:

e Global fit to UT: overconstrain (p,7),

probes FCNC processes K —K , B4 —By and Bs —Bs
mixing.
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New-physics analysers:

e Global fit to UT: overconstrain (p,7), B
probes FCNC processes K —K , B4 —Bg4 and Bs—Bs
mixing.

e Global fit to B —Bq mixing: mass difference Amg, width
difference Al's, CP asymmetries in Bs — J /¢,

Bs — J/ifo, and Be — X /v,
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New-physics analysers:

¢ Global fit to UT: overconstrain (7, 7),
probes FCNC processes K —K , B4 —By and Bs —Bs
mixing.

e Global fit to B —Bq mixing: mass difference Amg, width
difference Al's, CP asymmetries in Bs — J /¢,
Bs — J/ifo, and Be — X /v,

e Penguin decays: B — Xs7v, B — Xs//~, B — K,
By — ¢Kg, Bs — utpu~, K — muw.
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New-physics analysers:

e Global fit to UT: overconstrain (p,7), B
probes FCNC processes K —K , B4—Bg and Bs—Bg
mixing.

e Global fit to B —Bq mixing: mass difference Amg, width
difference Al's, CP asymmetries in Bs — J /¢ ¢ and
Be — Xl

e Penguin decays: B — Xs7, B — Xs//~, B — K,

By — ¢Kg, Bs — utu~, K — muw.

¢ CKM-suppressed or helicity-suppressed tree-level decays:
BT - 7y, B — wlv, B — Drv, probe charged Higgses
and right-handed W-couplings.
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Global fit in the SM from CKMfitter:

07 ——— T

1 Am, €
0.6 :V d K Winter 12

0.5

sol. i tos 28< 0
(excliat CL > 0.95)

0.4

excluded area has CL > 0.95

% a
0.3 o9

0.2

0.1

X J. N S SRS | PP I B B
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

P
Statistical method: Rfit, a Frequentist approach.
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Global fit in the SM from UTfit;

Statistical method: Bayesian.



Bq —Eq mixing with g = d or g = s involves the 2 x 2 matrices
M and .
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B —B mixing in the Standard Model

Bq—l§q mixing with g = d or g = s involves the 2 x 2 matrices
M andT.

The mass matrix element M_fz stems uct q
from the dispersive (real) part of the

box diagram, internal t.

The decay matrix element F?Z stems
from the absorpive (imaginary) part
of the box diagram, internal c, u. q uct b
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B —B mixing in the Standard Model

Bq—l§q mixing with g = d or g = s involves the 2 x 2 matrices
M andT.

The mass matrix element M_fz stems uct q
from the dispersive (real) part of the

box diagram, internal t.

The decay matrix element F?Z stems
from the absorpive (imaginary) part
of the box diagram, internal c, u. q uct b

3 physical quantities in B; —B, mixing:

Mq
ML G = e -2)
12



Basics B —B mixing |Vub| Fi2 Conclusions

The two eigenstates found by diagonalising M — i I'/2 differ in
their masses and widths:

mass difference  Amg ~ 2|MJ,],
width difference Al 2|7,| cos ¢q

12
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The two eigenstates found by diagonalising M — i I'/2 differ in
their masses and widths:

mass difference Amg =~ 2|Mf,|,
width difference Al 2|7,| cos ¢q

12

CP asymmetry in flavor-specific decays (semileptonic CP
asymmetry):

q _ Ml
fs = “VI

S|n (Dq



Consider By — By mixing with ¢ = d or
q=s:

A meson identified (“tagged”) as a Bq at
time t = O is described by |Bq(t)).

b

u,c,t
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B —B mixing basics

Consider By — By mixing with g = d or vet .
qg=s:

A meson identified (“tagged”) as a Bq at

time t = O is described by |Bq(t)).

Fort > O:
Bq(t)) = (Bq|Bq(t))|Bq) + (Bq|Bq(1))|Bq) + - - -,

with “...” denoting the states into which Bq(t) can decay.
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B —B mixing basics

Consider By — By mixing with g = d or

u,c,t q

qg=s:
A meson identified (“tagged”) as a Bq at
time t = O is described by |Bq(t)).

q u,c,t b
Fort > O:

Bq(t)) = (Bq|Bq(t))[Bq) + (Bq|Bq(t))[Bq) + -,

with “...” denoting the states into which Bq(t) can decay.

Analogously: [Bq(t)) is the ket of a meson tagged as a B, at
time t = 0.
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Probabilities for By survival and B — B mixing:

_ et Algt
(BalBa()? = (Bl ()] = S5 |eosh % + cos (amg)
_ _ e Tt Algt
(BalBa(0)? = [(BalBa(t)F = S5 |oosh S5 — cos (amy1)

rq rq
with g = L H

2
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Probabilities for By survival and B — B mixing:

(Bq|Bq(1))[* = [(Bq|Bq(t))|* = - [COSh = + cos (Amgq t)}

2 2

Tt
(BalBa(0)? = [(BalBa(t)F = S5 |oosh S5 — cos (amy1)

q_ rd
r+rg

with g =

The CP asymmetry in flavor-specific decays is measured by
counting leptons. E.qg.:

a5, N(Bs — xeh) —N(Bs = x00)
2 N(BY = xe+) +N(B = xe)
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Phases ¢q = arg(—Mj,/I',) in the Standard Model:
o = —4.3°+£1.4°, PpM = 0.2°,
Define the complex parameters Ay and As through

q SM.q — iog
ML, = M9 Aq,  Aq = [Agle'%.

In the Standard Model Ay = 1. Use ¢s = ¢SV + ¢& ~ ¢&.
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Generic new physics

Phases ¢4 = arg(—Mj,/I'],) in the Standard Model
oM = —4.3° £ 1.4°, M=0.2°
Define the complex parameters A4 and AS through

ML, = MIMLAL Ag = [AgleiE,

In the Standard Model Ay = 1. Use ¢s = oM + ¢& ~ ¢2.

The measurements of LHCb, CDF and D@ average to
Ams = (17.69+0.08) ps!
implying with lattice WA fg_\/BMS = (212 4 14) MeV:

[As| = 1.03 4 0.14g) + 0.01(e)

Conclusions



The mixing-induced CP asymmetry ATX(By — J/¢/Ks)
determines

VAV,
28+ ¢§ with 3 = arg (—#\/ﬁ)) .
C

Experimentally: 23 + ¢§ = 21.1° 4+ 0.9°.



The mixing-induced CP asymmetry ATX(By — J/¢/Ks)
determines

. Vig Vi
28 + o5 with 3 =ar (—%) .
on g Vi Ve
Experimentally: 23 + ¢§ = 21.1° 4+ 0.9°.

A[?,',"(BS — J/1¢) and A"‘"‘(BS — J/1fp) determine

28s — ¢ th —arg | — b ) —22°.
/85 ¢S Wi /85 g ( VcsV:b
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DO measures the dimuon asymmetry for a mixture of By and Bg
mesons with

ars = (0.594+0.022)al + (0.406 = 0.022)as,

M|
M|

B¢ ;
Recall: a;, = Sin ¢g.
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May 14, 2010
Fermilab Wine&Cheese seminar, talk by Guennadi Borrisov:

Evidence for an anomalous like-sign dimuon charge asymmetry
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May 14, 2010
Fermilab Wine&Cheese seminar, talk by Guennadi Borrisov:

Evidence for an anomalous like-sign dimuon charge asymmetry

May 17, 2010
The New York Times:

Physicists at the Fermi National Accelerator Laboratory
are reporting that they have discovered a new clue that
could help unravel one of the biggest mysteries of cos-
mology: why the universe is composed of matter and not
its evil-twin opposite, antimatter.
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May 14, 2010
Fermilab Wine&Cheese seminar, talk by Guennadi Borrisov:

Evidence for an anomalous like-sign dimuon charge asymmetry

May 17, 2010
The New York Times:

Physicists at the Fermi National Accelerator Laboratory
are reporting that they have discovered a new clue that
could help unravel one of the biggest mysteries of cos-
mology: why the universe is composed of matter and not
its evil-twin opposite, antimatter.

Joe Lykken, a theorist at Fermilab, said, “So | would not
say that this announcementis the equivalent of seeing the
face of God, but it might turn out to be the toe of God.”
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Summer 2010

Global analysis of Bs—Bs mixing and Bg —By mixing with

A. Lenz and the CKMfitter Group (J. Charles,

S. Descotes-Genon, A. Jantsch, C. Kaufhold, H. Lacker,

S. Monteil, V. Niess) arxiv:1008.1593

Rfit method: No statistical meaning is assigned to systematic
errors and theoretical uncertainties.

We have performed a simultaneous fit to the Wolfenstein
parameters and to the new physics parameters Ag and Ag:

_ Mgz — i
12
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2010 result for Bs —Bs mixing:

: \exc:‘JdB; a'e\a & CL B ; 55\ T T T T T T L T :
oL ]
L AT &TES i
L ]
L SM point =i
& F B _
g °f N/ 1 SM point As = 1
i ) 1 disfavoured by 2.70.
-1 —

Y SV A Physics in B_ - By mixing
/ s
2 1 0 1 2 3
Re A
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2010 result for By —By mixing:

UL T T T
excluded area has CL > 0.68 1

SM point Ay = 1
disfavoured by 2.7¢.

SM point

Main driver:
BT — v,

ImA,

CKM
-

fiiler




fixed by measurements of
P VLV Vus| = 0.2254 +0.0013,
- vfj v st Vep| = (40.940.7)-1073
and a global fit to (p,7)
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fixed by measurements of
v (Vud Vs Vub) Vus| = 0.2254 + 0.0013,

Veo| = (40.9£0.7) - 1073
and a global fit to (p,7)

Unitarity triangle: A=)
*
V
- = b Vud
pHin =~
V:bvcd
_ ‘VLTbVUd ei'y
VepVed

C=(0.0) B=(1.0)



Three ways to measure |V |:
e exclusive decay B — w/v,
e inclusive decay B — X /v and
e leptonic decay BT — 771,
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Three ways to measure |V |:
e exclusive decay B — w/v,
e inclusive decay B — X /v and
e leptonic decay B™ — 77,
Average of several BaBar and Belle measurements:
B®(BT - rtv,) = (1.68+0.31)-107*

Standard Model:

|Vub| 2 fB z
BB = rv,) = 1.13-10—4-( ) ( )

4.10-8 200 MeV



Vibexa| = (3.51+0.47)- 1073 st
\Vup.ina| = (4.32 + 0.50) - 103 —

VubBsrv| = (5.10 +0.59) - 103 R —



i e — —— e
Vibexa| = (3.51+0.47)- 1073 st

|Vub,inc|| = (4.32+0.50) - 103 e —

VubBsrv| = (5.10 +0.59) - 103 R —

Here fg = (191 + 13) MeV is used:

Vubgosrv| = [5.10:& 0.47|op + 0.35|fB] 10-3
= [5.10+0.59] 1073
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Vibexa| = (3.51+0.47)- 1073 st

|Vub,inc|| = (4.32+0.50) - 103 e —

VubBsrv| = (5.10 +0.59) - 103 R —

Here fg = (191 + 13) MeV is used:

Vubgosrv| = [5.10j: 0.47|op + 0.35|fB] 10-3
= [5.10+0.59] 1073

= no puzzle with individual |V ;| determinations



. L A=(D,N
Indirect determination: ®
find [Vyp| o< [Ven|Ry
. Ry Ry

sin
from R, = —B

sina

\ B
C=(0.0) B=(1.0)

With o = 89° 755 and 3 = 21.15° + 0.89° find
Vuling = (3.414+0.15)-1073

Essential: 3 from AZX(By — J/¢Ks)



Vibew| = (3.51£0.47)-1073 ey
|Vub,incl| = (4.32 + 0.50) . 10_3 *
Vubg—srv| = (5.10 £ 0.59) - 103 ——

Vup.ind| = (3.41+0.15) - 1073 @



Vibed| = (3.514£0.47) - 1073 g

|Vub,incl| = (4.32 + 0.50) . 10_3 *
Vub.Bosrv| = (5.10 +0.59) - 10~2 ——
|Vub,ind| =(3.41+0.15) - 103 @

Alleviate the 2.90 tension between |V ing| and [Vyp g, | With
new physics in

e BT 7ty or

o AX(By — J/YKs).  + easier!
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In Summer 2010 the combination of all flavour data was in
excellent agreement with the hypothesis of new physics in
M¢, and M$,, while all other (essentially tree-level) quantities
entering the global UT fit are SM-like.

Hypothesis Summer 2010 p-value
Ag =1 (2D) 270
As =1 (2D) 270
Agq = As (2D) 210

Ay =As=1(4D) 360
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The mixing-induced CP asymmetries in Bs — J/1¢ and

Bs — J/1ufo determine ¢& — 235 with 235 = 2.2°.

CDF 2010, J /4¢: ¢h = 2372

D@ EPS 2011, J /v o2 = —30° 22,

LHCb 12/2011, J /4fq: ¢SA = —-23°+25°+1°

LHCb 12/2011, J /vy¢:  ¢2 =10.8° + 10.3° + 3.4°
all at 68%CL
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The mixing-induced CP asymmetries in Bs — J/1¢ and
Bs — J/1ufo determine ¢& — 235 with 235 = 2.2°.

CDF 2010, J /4¢: ¢h = 2372

D@ EPS 2011, J/vé: o2 = —30° oo

LHCb 12/2011, J /ify:  ¢& = —23° + 25° + 1°
LHCb 12/2011, J /ip¢: 62 = 10.8° £ 10.3° + 3.4°

all at 68%CL
LHCb LP 2011 average:  ¢5 = 3.9° +9.2° +4.0°
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Summer 2011

The mixing-induced CP asymmetries in Bs — J /¢ ¢ and
Bs — J/ufy determine ¢£ — 25 with 235 = 2.2°,

CDF 2010, J /4 ¢ = —23°7%%

22°
D@ EPS 2011, J/i¢:  ¢2 = —30° 5.

LHCb 12/2011, J /u/fy:  ¢A = —23° 4 25° + 1°
LHCb 12/2011, J /v¢: 2 = 10.8° + 10.3° + 3.4°

all at 68%CL
LHCb LP 2011 average:  ¢% = 3.9° +9.2° +4.0°

My average:  ¢5 = —1.8°+8.6°

with CDF/D@ errors inflated by a factor of 1.25
as a guesstimate for correlations.

All measurements are in mutual agreement and consistent with
the SM prediction ¢ = 0.
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ArXiv:1112.1726:

CDF 2010, J /4¢: —57.4° < ¢ < -0.1°

LHCD has analysed 1 fb~?! of data (was 0.37 fb—! in 2011

paper), extended Bs — J/¢7 "7~ analysis to much wider
window around M = M.

LHCb Moriond 2012, average:  ¢& = 2.1° 4+ 4.8° + 1.6°



m
ArXiv:1112.1726:

CDF 2010, J /v¢: —57.4° < ¢ < -0.1°

LHCD has analysed 1 fb~?! of data (was 0.37 fb—! in 2011
paper), extended Bs — J/¢7 "7~ analysis to much wider
window around M = M.

LHCb Moriond 2012, average:  ¢& = 2.1° 4+ 4.8° + 1.6°

My average of CDF, D@ and LHCb data:

P =—-03°+47°+1.6°
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30 Jun 2011: D@ result presents the semileptonic CP
asymmetry measured in the dimuon channel:

ajs=(—7.87+1.724+0.93)-1073

for a mixture of By and Bs mesons with
ars = (0.594 + 0.022)a¥’S + (0.406 + 0.022)ag,

The result is 3.90 away from a3 = (—0.24 +0.03) - 103.
A. Lenz, UN 2011
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But:

30 Jun 2011: D@ result presents the semileptonic CP
asymmetry measured in the dimuon channel:

ags = (—7.87+1.72+0.93) - 103

for a mixture of By and Bs mesons with
ars = (0.594 +0.022)al + (0.406 + 0.022)as,
The result is 3.90 away from a3 = (—0.24 +0.03) - 103.

A. Lenz, UN 2011

ars favours ¢ < 0 in agreement with the AT (Bs — J/v¢)
measurements of CDF and D@ and A% (Bs — J/vfg) from
LHCD.... but poor agreement with AZ3(Bs — J/v¢) from LHCb.
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Theory prediction with new physics:

sin ¢
|Ad|

i HA
3SIN @3

ars= (3.2+0.6)-103
= (32200 Al

+(21+04)-10"

A. Lenz, UN 2011

= The central value of
ars = (—7.87+1.72+0.93)- 103

is slightly in the unphysical region.
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Theory prediction with new physics:

sin ¢
|Ad|

i HA
3SIN @3

=(3.24+0.6)-1073
e (52500 Al

+(21+04)-10"

A. Lenz, UN 2011

= The central value of
ars = (—7.87+1.72+0.93)- 103
is slightly in the unphysical region.

How much of ass could come from a.?
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Post-Moriond-2012 status for By —Bg mixing:

| LI R T T T T
| [excluded area has CL > 0.68 ‘

ImA,

SM point Ay = 1
disfavoured by 3.00.

1o range:
o+3.3°
¢dA == —134 _2.20°

Drivers:
BT — 77v,, as

Lenz et al., 1203.0238
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The fit prefers ¢5 < 0, so that af, returned by the fit is well
below alsM = (-0.41 + 0.06) - 102

af, = (-3.32704) - 1072

This is better than the direct measurements by Belle, BaBar
and CLEO, averaging to

all = (—4.7+46)-1073,

but assumes that there is no new physics in 'Y,
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The fit prefers ¢5 < 0, so that af, returned by the fit is well
below alsM = (-0.41 + 0.06) - 102

af, = (-3.32704) - 1072

This is better than the direct measurements by Belle, BaBar
and CLEO, averaging to

all = (—4.7+46)-1073,

but assumes that there is no new physics in 'Y,
The contribution from new physics in By —By mixing to ass is
therefore

0594 (-3.3270%7) - 107 = (—2.0753) - 107

The contribution from a)dA reduces the discrepancy in ajs from
3.90to ~ 3.00.
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Post-Moriond-2012 result for Bs —Bs mixing:

: T T T T T T T T T T T T T :
oL ]
: ara 7
L ]
S SM point -
&t ‘ ‘
e U0 5 d Perfect  agreement
' with SM point Ag = 1
1 (OOU)
-2
Lenz et al., 1203.0238
2 1 0 1 2 3
Re A



Quantity SM
ATX(By — J/YKg) 2.70
ALX(Bs = 3/¢¢) 030
Amg  1.00
Amg 0.00
ais 3.70

B(B—rv) 280
B(B — mv),a;s 4.30




Quantity

SM

NP

AT (By — J/vKs)
AZX(Bs — 3/1 )
Amgy

Amg

afs

B(B — 7v)
B(B — TV),afs

The pulls show the deviation between the measurements and
the prediction of the fit without the quantity.

270
0.30
1.00
0.00
370

2.80
4.30

210
270

3.00

1.10
2.80
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Minimal flavour violation, set Ay = Ags = A.
Post-Moriond-2012 situation:
: T T T T T T T T T T :
S J
. [ SM point B i
i 17 SM point A = 1
2 U S S S———— | disfavoured by 2.10.
2k i
. } % New Physics in B - B mixing E
oo by ‘ TR SR R NI B R | Lenz et al., 1203.0238
2 1 0 1 2 3

Re A
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Summary of p-values

Hypothesis NP in Ag and As MFV-NP, Ay = Ag
ImAy4 =0 3.20 2.60

ImAs =0 0.00

Ag =1 3.00 2.10

Ns =1 0.00

ImAg =ImAs =0 2.80

Ag=As=1 2.40

No preference of generic scenario over MFV scenario. The SM
is disfavoured with 2.4¢, but scenarios which put NP only into
M7, do not describe the data as well as they did in 2010, when
the hypothesis As = Ay = 1 in the generic scenario was
disfavoured with 3.60.
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New physics in [],?

Recall the LHCb measurement

-
—d _7Bs _ 9997+ 0.013
rS TBd

in excellent agreement with the SM prediction

7, /TB, = 0.998 + 0.003.

Changing the Cabibbo-favoured tree-level quantity I3, | by
opening new enhanced decay channels such as B — 777~
will spoil this ratio.
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New physics in [],?

Recall the LHCb measurement

-
—d _7Bs _ 9997+ 0.013
rS TBd

in excellent agreement with the SM prediction

7, /TB, = 0.998 + 0.003.

Changing the Cabibbo-favoured tree-level quantity I3, | by
opening new enhanced decay channels such as B — 777~
will spoil this ratio.

Phenomenologically, new physics in the doubly
Cabibbo-suppressed quantity F‘jz is still allowed, but requires
somewhat contrived models of new physics.



Define
q q
_ Mo/M75
- SM, SM gy’
Re(I'3, q/M12 q)

dq for gq=d,s.

and fit for real and imaginary parts of Agy, As, dq, and Js.
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Fit with new physics in '],

10 ‘p—valuelo
: : 0.9
i 11, Excellent fit, SM
°r 7 1l,, point disfavoured
- i 1 M, by3.2o.
[
E L s X T 1f 6 = oM, need
: TH™ new 0O(1) effects
sk 18 in rcljz.
r B 0.2
[ ot New Physics Scenario IV 1 M°  Lenzetal, 1203.0238
0l Lo - o : 0.0

KR
o

-5 5
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e Flavour physics complements the high-pt programme at
ATLAS and CMS. FCNC processes indirectly probe mass
scales exceeding 100 TeV.
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Conclusions

Flavour physics complements the high-pt programme at
ATLAS and CMS. FCNC processes indirectly probe mass
scales exceeding 100 TeV.

Hints for ¢5* < 0 inferred from a global fit to the UT partially
explain the D@ dimuon asymmetry. A good fit would
further require a sizable ¢5* < 0, which, however, is not
seen by LHCD.

Still: In scenarios with new physics in I\/If2 only, the SM is
disfavoured by 2.4 o, driven by the D@ dimuon asymmetry
and B(B — 7v).

A good fit is found if also new physics in F‘fz is allowed, but
the needed O(1) effects are hard to motivate in realistic
models.
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The quantum numbers of the SM point towards a grand unified
theory (GUT), the gauge couplings converge to a common GUT
value at high energies, similarly y, and y, converge, and
neutrinos have small masses as predicted by GUT pioneers.
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The quantum numbers of the SM point towards a grand unified
theory (GUT), the gauge couplings converge to a common GUT
value at high energies, similarly y, and y, converge, and
neutrinos have small masses as predicted by GUT pioneers.

So is this just a conspiracy of Nature? Or even...
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ALL CONSPIRACY THEORIES ARE
CONNECTED BY THE ELUSIVE
GRAND UNIFIED CONSPIRACY

THEORY.

THE THEORY THAT TIES ALL
OTHER THEORIES TOGETHER
AND EXFLAINS EVERYTHING!

ROSWELL, THE MOON
LANDING, 41, JFK,
THE NEW WORLD ORDER ...
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