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Notables Left Out

T violation (BaBar)

Full determination of UT allowed region, including;:
* semileptonic and current state of excl/incl disparity
* input from K physics

Universality and unitarity of CKM

Combined Higgs/Flavor constraints




Flavor: The Elegant Probe

Recall:
GIM mechanism and the prediction. of upper bound on charm mass

KY — KY mixing
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In view of top and its huge mass, do we still have a prediction?
Is GIM a mirage?

Z VyaVe x F(m2/Mg,) ~ largest term = VgV, x F(mZ2/Mg,)

q=u,c,t,t’, if no accidental cancellation,
7.e., no fine tuning.

Roughly, VgaVis ¥ mg <1 GeV*?

that is either
e small mass with large angle (charm) ~ (0.2)(1.5 GeV)? = 0.5 GeV?
* large mass with small angle (top) ~ (0.003)(0.04)(175 GeV)? = 3.7 GeV?

Both are right ballpark!

Nota bene: Really very rough! Need short distance QCD corrections, full top-dependence form loop,
non-perturbative matrix elements, ...

Additional constraints from CP violation in mixing (from complex phases in CKM elements)



CKM texture

Area ~\/?2




More GIM, more predictions

BY — BY mixing

Discovered in 1985

Mixing rate much higher than anticipated:
at the time, thought that m; ~ few x 10 GeV

Fast mixing requires much heavier top !!

Similarly
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All cases above
(mixing, decays)
are sensitive to any kind of stuft
running in the loop

constrains NP

(reigns in speculators)



or,
if you are an optimist

it is a window to
discovery of

NP
(new physics)

(I am too old)



* Qutstanding problems in Particle Physics:

* Why 3 generations?

* Why the pattern of masses and mixings?

Quarks

Flavor/CP and New Physics
(o2 (Y

Dark Energy

Dark Matter

Hierarchy

Baryogenesis (@3’

Nature of first three may well be solely gravitational 5 Sl HEL
Baryogenesis requires CPV beyond that in the SM cﬁﬁ'}‘pﬁ‘m

EACREPIT >
""" No PRoaLEMY

...............

‘K‘Pﬂ E"' EiQapratite

Re ptod uction® ngh!o oblamdble from

CKM PMNS

Leptons

Area ~V2




Flavor Physics: an important constraint on all new BSM models

[Neubert, EPS2011}

Generic bounds without a flavor symmetry

10° 3
ol 10%F
ntegrate out NP at UV scale = i
D) L
= 3
*Produce local operators > 107
=
* Assume coupling is order 1 10}
(generic, no flavor suppression)
10'F
(s —d) (b —d) (b — s) (c — u)
Ampg, ek Amg, sin28 Amg, Ay} D-D
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Strategy/Philosophy

* Conundrum: distinguish new physics (NP) in loop from SM physics

Value of coupling (V;)?
5= 27 | (‘// Strong interactions
B — Xsvvs b— sy
Values of other parameters (m,, Mw, g2)?
example
of NP

® Must determine parameters using non-flavor physics as well as possible. These
include, e.g., m:, Mw, g2 in above case.

* Must compute strong interaction effects (but that goes without saying)
* Left with undetermined flavor parameters (e.g., Vi), confused with NP

* Determine flavor parameter from tree level physics

* Assume NP is negligible at tree level

II



In this example: determine Vs using CKM unitarity and tree level semi-leptonic decays
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B — X¢7v branching fraction for £, > 1.6 GeV

e Measured (3.37 £0.23) x 10~
e Theory (Misiak, 1010:4896) (3.15 £ 0.23) x 10~*

e One of toughest constraints on NP

Theory 2HDM, tanp=2 : m(H*) > 385 GeV

250 500 750 1000 1250 1500 1750 2000
Mass (H") (GeV)
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ViaVap + VeaVep + ViaVip =

CKM
d S
u |
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VidVay + VeaVap + VigVip, = 0

ds uc bd VoV 2
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CPV



* Distinguish two cases

 CPV in mixing

* CPV in decays

L7



CPV in Mixing

e In SM neutral pseudoscalar P° can Vqu\ W /
mix into antiparticle via box diagram -0 Q - .
i i
q Q
. T W N
* Mixing rate depends on
® Mass of internal quark
larger for heavier quark
e CKM factors V;
* Largest for By since -quark
is not suppressed by CKM
D° BS _ B;
06 Prob[D°](t) o6 Prob[Bd](t) 0s ProplEI0 _
o almost zero? o 22 Prob[5;](t)
_°? °21 Prob[BJ](t) 01
e ;iopezr Lif;:ime: o I;iopei LifZ:ime; o ;?opei Lif;:ime;
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Mixing Theory

Effective two state system:

.d (PY P ;
Z% (po)zHeff(p0> Heff:M_§ MT:M, FT:F
CPT Heg11 = Hegoo
diagonalize:  |Pr) = p|P") + ¢q|P) |Py) = p|P%) — q|P°)
- Mg + My, - - |F12| 2
define: M = ; AM = My — My, =~ 2| M3 (1 — 8\M12’z Sin“ @12
_ T'y+T I
I' = Lo! 5 L AF:FH—FL %2‘F12‘COS§/§12 (1—|— 8“]\;?;2 SlIl2 ¢12>

12 = arg(—Mm/Fm)

compute, cg:

(q) AM + LAT
2(Mia — £T12) 1
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Flavor Specific: aq

* Definition Qg = F(€ — )= = ‘f;)

(P — f)+T(P —f)

where (P — f)(t=0)=0=IL(P — f)(t = 0)

e Flavor specific means f £ f

* B, — D+,LL_5M vs Bg — D_,LL+VM

* Or same sign dileptons: one meson
mixes and decays, the other decays
without mixing: /['_ M+ VS

PInSMo b/l —le/pl AT
© o Ip/alP+le/pl? T AM

tan @12

so it is very small in SM,

a,gl = —4.] % 10_47 a/il — 1.9 x ]_0_5 [A. Lenz, Moriond 2012}

50 .
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as;: D0, from di-muons

* Dimuons o0l
0
o a’ = (—0.787 £ 0.172(stat) £ 0.093(syst)) % o
. 0020 g .
combined for & and s S
0037 actory W.A,
SDOB D, uX
) . ....A.......“...-...;. ........ L
* 3.90 deviation from SM Asianansa o a
[Phys.Rev. D82 (2010) 032001l
* Also use IP (impact parameter) L
to separate 4 from s |
0 .SM
agl — (_0_12 + 0_52)‘%7 . Standard Model
-0.02 B Factory W.A.
a:l — (—1.81 1 1.06)%. DO B »ub X
B Do Aj
0.04 DO AL 95% C.L.
DO, 9.0 b
0.4 -0.02 0 0.02

d
ay
[Phys.Rev. D84 (2011) 0520071
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asi: DO, from semileptonic

* New this year (Jul 7, Aug 29)

I'(B° = B - ¢tDM-X) -TI'(B° - BY - ¢~ D®+X)

['(B® — BY - (+D®-X)+T'(B° — BY - (~D®+X)’

with 2 decay channels:

1. B - uytvD~ X,
with D~ — KTn— 7~
(plus charge conjugate process);
2. B - uytvD*~ X,
with D*~ — D%7r—, D% — K+rn—
(plus charge conjugate process);

(idem for By)

o oY = [0.68+0.45 (stat.) £ 0.14 (syst.)]%

ag = [—1.08 & 0.72 (stat) £ 0.17 (syst)] %

[arXiv:1207.1769]

[Phys. Rev. D86, 072009 (2012)}

.

All DO plot:

%7. 00271 " T '
o = = =
-0.02 a
#4424 DO a, ==
m DO a: ===

B e ) 68%ClL. ‘
.0.04 S= AUP_ ) 88%CLL. =
- Combination _
® Standard Model )
-0.04 -0.02 0.02

a°
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http://arXiv.org/abs/arXiv:1207.1769
http://arXiv.org/abs/arXiv:1207.1769

as. rest of the world

o LHCb [PLB713(2012)1861
0, = (—0.24 + 0. + 0.33)%

e B-factories combined

a%, = (—0.05 % 0.56)%

* Superimposed on D0
plot, for comparison

e Consistent with SM

e Will have to wait for
more (more precise)
data (not Tevatron)
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ag.summary

Characterize NP by

Im Ag

A

ML = MZMA,

lYll]l'llI
exchuded area has CL > 0 68

e | ‘ LI | ' LI L

L T I T r 1 T I L4

. 1 l | d bl 1 l A A 1 1 l A

Re A4

(does not include new LHCDb result)
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CPV in mixing

* Decay amplitudes in terms of weak (¢;) and strong (dx) phases

A = (f|H|B) = ZA e’k itk Z}—z(ﬂH@}z%:Akewk ek .

e CPVin decay if non-vanishing
2 — | A2 o sin(61 — do)sin(dy — 62)

* Theory input: strong phases (usually model dependent)

* Instead CPV in mixing can -
be theory clean &
* If amplitudes with a single B Mixing: &/ g
weak phase dominate | B, A

e Simplest if fis a CP eigenstate

25



where

Sy

I
I

| —T[B°() — f]

() B
|+ T[BO(t) — f]

(t)
= S¢sin(Amt) — C¢ cos(Amt)

B(t) — f
BO(t) — f

2Im Ay

1= Py
1 -+ |)\f|2 ’
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Cy Ap =
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Gold plated examples: b — ccs

0 0
— ¢KL,S

AyKY

—CPof §, L

Sin(2f) = sin(2,) [

BaBar '
PRD 79 (2009) 1072009

BaBar y
PRD 80 %00093 112001

BaBar JAp (hadronic) Ksg
PRD 69 (2004):052001

— = ‘/tz%d ‘/cb‘/;; ‘/cs _ :Fe_giﬁ
/ VinVig B Ves ) \VEVed
a’p As/A;| |plgforK
i 0.69 = 0.03 = 0.01 b%ccs CCP AT A
. 0.69 + 0.52 + 0.04 + 0.07 . . . . . PFI‘EUM!NARY
BaBar b 0.024 + 0.020 = 0.016

: 1,56 = 0.42 = 0.21

Belle § 0.67 = 0.02 + 0.01
PRL 108 ( 2012) 171802 | 5

ALEPH : o | 0.84 98 . 0.16
PLB 492, 259 (2000) ; e

OPAL : i 3.20 *380 + 0.50_
EPJ C5, 379 (1998) : *
CDF ! i " 0.79 *34
PRD 61, 072005 (2000) : "

LHCb - : I, 0.73 = 0.07 + 0.04
LHCb-PAPER- 2012 035

Belle5S : : | 0.57 = 0.58 + 0.06
PRL 108 (2012) 171801 1

Average : 0.68 = 0.02
HFAG i

-2 -1 0 2 3
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PRD 79 (2009) 072009
BaBar ., K

-0.290 *3330 + 0.030 + 0.050

PRD 80 (2009) 112001

Belle -0.006 + 0.016 = 0.012
PRL 108 (2012) 171802 " [T

LHCb i | 0.030+0.090 +0.010
LHCb-PAPER-2072-035 R :
Average P 0.005 = 0.017
HFAG T

0.14 -0.12 -01

0.08 -0.06 -0.04 -0.02

o

0.02 0.04 006 008 01 012 014




and B; — Yo, Yy mT

*Vi Vo V= Y
Aprtn— = = (th—vtf) (C*—VCS) = ¢ %Fs small angle in squashed
tbVts ch v cs unitarity triangle
VvV ~0in SM

V.V

vy, V.V,
/\Gﬁ)) SM__ _ 5 |
(0,0) B (1, gDs = —Zﬁs = —2 arg — = —004 I‘ad

*
CcS
cb

T T T T T T
3 T T — T T . 35:_
3 8% LHCb S F
E 700 = 30F
Z e00f- _ <
£ so0f- S-wave dominates 25F
3 400F- -
300F- \L \l/ 20 I
200F- - T +0.1734-0.004
100 15F s = —0.019% 172 ¢.003 r2d
= i A e St eV S E
500 1000 1500 m(ﬂ_)zc(;::ev) 10:_
5F
SIS B B (v
< 3 -2 -1 0 1 2 3
¢, (rad)

B — ¢Y¢p(K TK ") requires angular analysis, separate partial waves. Combined analysis:

¢s = —0.002 £ 0.083 £ 0.027 rad [G Cowan, ICHEP 2012}
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Combined fit to polarization, widths and angles in B — Yo(K TK -)

gives widths and angles:

0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
0
-0.05
-0.1

(D
o
I'—.
<

_ I 1 1 1 1 I I 1 1 1 l I 1 1 1 I 1 1 ] 1 l 1 1 1 1 I 1 I I 1 I

-~ ¢ Standard Model 3

= e DO 8fb

R T [] COF 10fb™

- ! ~

= L™ LHCb 03fb" 3

=) ’s ] LHCb  1fb™" (unpublished)

—— f \d

T " — 68% CL

= S """ 95% CL

—

1\

C N

[ g L

= i

;'_ Wi e o e S '\-:.

- — ATLAS 4.9 fb“, 68%C.L. 8 constraitied to 2.95 + 0.39 rad

- ==:ATLAS4.9fb", 90% C.L. Al" constrained to > 0

: 1 1 1 1 I 1 1 1 1 I 1 1 | 1 I 1 1 1 1 l 1 1 "lLI 1 1 1 1

1 0 -1 -0.5 0 0.5 1.5
¢s — _2ﬂs

[Palestini, ICHEP 2012]
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Long Digression



Can we compute I
(Iet alone AI)?

e Standard lore: use OPE b S
* OPE: expansion in 1/m = + ...
S b
° Normally: [Lenz & Nierste, eg: JHEP 0706 (2007) 072}
* OPE valid in “deep Euclidean region”
* Use dispersion relation to relate to physical region
* Result in integral over all energies in physical region
® Duality: replace integral over all energies by smearing over domain
® Duality works if smearing over large enough region:
* Include large number of resonances T ;
* Smooth regions dominate 10’ | o z
10?
Poggio-Quinn-Weinberg: R
1 10 "
_ - . . o A bvensal N
a(s) = = (H(S +iA) —I(s zA)) 1 f
can use OPE for IT if A is large enough e ¥ .
1 10 10

31 \/: Ge\



 For B decay we cannot smear (integrate) over quark masses

* Neither can we compute for “deep euclidean” mass

* Maybe duality works if mass is large enough (large number

of decay channels)?

* Test the idea by applying it to soluble model:
QCD in 2-dims at large N¢ (the ‘t Hooft model)

* Spikes from phase space at thresholds

¢ Constant difference between “exact”
and perturbative: order (1/Mp)°

I'(B) = T(Q)(1 + 0.14/Mp)



* Smearing will turn the finite difference into one that decreases with 1/Myp

® QQ: how can this averaging procedure turn a constant difference into one that
decreases as (1/Mp)'?

® Go back to e+e-

6 | L L T T LI
Effect of including narrow I ]
resonances in lorentzian smearing: B
5 | —
A [ o(s B |
a(s) = — / ds’ () i ]
7 Jo (5" —s)2 + A? 2k 1
v AL N
red: PQW (exclude resonances) - ]
g 5
green: include resonances ]
. 2 | I I | I I | I I | | | I_
NOTE: very slow approach to duality, 10 20 30 40

effect of resonances significant in resonant region S

33



Lorentzian smearing =

1 Us n=2>5
i = o
((x — Mg)* +1)" o n=1
Justified by OPE provided 5t
s
Corrections to (1)PE: 2%
order — N R 7
Q 4 6 8 10 12 14
I, -Tp : :
04, Difference with OPE
’ corrected by 1/M? +1/M?
I conclude: |
Cannot trust OPE for width 021
unless asymptotically heavy quark ,
O e e ¥,

—02)

—04.

34



End Long Digression



b — ccd modes B0 5 D*+*D- B® — D**D* B® — DD

CP-eigenstate mix of CP-odd/even Not a CP-eigenstate
S =sin2¢;, A=0 S, A for each of 2 amplitudes x 2 modes
if negligible penguin  longitudinal / transverse = C, S, A, AS, AA
) D' D S vs Cep @ . D" D* S, vs Cp E
WA . B
0 0
08l 04

-04  -0.2 0

S
CcP
Contours give -24(In L) = &* = 1, corresponding to 60.7% CL for 2 dof Contours give -24(n

b — s penguin modes

sin(2B°™) = sin2¢{") vs Cep= -ACP&
i -ACP ron

= Ay? =1, corresponding to 60.7% CL for 2 dof

- PRECHIARY
0.8
0.6
0.4 * No sign of deviations
0.2 from standard CKM
o L. * Many of these new:
0.2 "% expect lmpr(?vement 1n
0D Kk next generation
06 o o |
LK |
-0.8 KKKy . s

1 1
-04 -0.2 0 02 04 06 0.8 o 1 o
sin(2p%") = sin(2¢7")

Contours give -2A(In L) = sz =1, corresponding to 60.7% CL for 2 dof 3 6



a/p2 and Penguin Pollution

(Vip Via)? VieVia VaVi

/J_LEO —_ = 4 xC

N B
L
\ L BO _)V*ub Vid +V’§thd / A

S = V1 — A2, sin2¢%", where ¢S = (¢, + «) is not ¢,

- ISOSpiI‘l analysis [Gronau-London PRL65,3381(1990)]
® Relations with B — 777% and B° — 77"
(same for B — pp after resolving polarization)

* Isospin breaking effects are small

* Time-dependent Dalitz analysis [Snyder-Quinn PRD48,2139(1993)}

* BY— z*a 7 contains p*7, p 7, p°z¥ and cross terms
(interference)

* a/p> directly determined, p*z° and pz* may improve
further (future)

37

I'(B°) < e7¥/7 (1+S,. sin Amt

+ A cOS Amit)

T'(BY) o« e7t/* (1-S,; sin Amt

+A e cOS Amit)

[BG Phys.Lett. B229 (1989) 2801

A - \ |
~ EEAB—xx) AB-an)\ |/
.’ . \ |

= -
AlB—=n"n") = AIB*—= n*n")



Sﬂﬂ
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NEW form LHCb

[Paul Soler ICHEP 2012}
= Amix = 056 + 0.17 + 0.03
= A9 = 011 +0.21 + 0.03

| Belle

BaBar
D LHCb preliminary

LHCD consistent
with BaBar!

0.2
Amix

It

p-value

> U.5:
% o4t LHCD 0 L -
Eo E  Preliminary B —=>7T JT
50'3;_ \s=7TeV
S 0.2
2 .
m 0.15_
0:
'0-15—\KK
02 e
03t First BO=»nr CP asymmetry
0.4t measurement at hadron colllder
B S

1.0 |

0.8

0.6

0.4

0.2

0.0 Lo

t (ps)

-k
N
Wl
B
ol
o
~F
o[
ol

_ ==+ B—pp (WA) [ Combined
wnteri2 . --- B—mm (WA) —— CKM fit
--------- B—pn (WA)
X
)
r

100

80
o, (deg)

40

— +4.6\0
¢2/ a = (88.7119)
[CKMfitter Moriond2012]




Direct CPV

DO — K*K- and w1~ [BG & Golden, Phys.Lett. B222 (1989) 501}

r(D*->2#-I(D->2%) 2 Im (a*b) Im(Z*4)

A= T D LA AT (D->5P) _ |alZ 1212+ 5] |42+ 2 Re(a*h) Re(2*4)

where A(D-»> 2#)=aX+ b4 Z=3(VEVE =V Vi), A=§(VEV+ V% Via)
X ~ A >> |A] ~ NP

SU(3) analysis: five invariant amplitudes

CBLI3IMID, y =FT ¥, <[111[3)ID,>=G7%,

Then
AD°5K*K )= QRT+E-8)2+3(3T+2G+F-E)4,
ADC-ntn " )==2T+E-8)2+3(3T+2G+F-E)4.

But I'(D°-»K*K~)/I'(D°-»n*n~) =3 requires both terms of similar size (enhanced G, F)

= Expect sizable direct CPV in these decays! (predicted in 1989)
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Of course, expect large SU(3) breaking effects.

037 Acp [
i 0.02

001

This still requires an enhancement of F G,
but only of order 10

Or perhaps new physics??
[Rozanov & Vysotsky, arXiv:1111.6949
Altmannshofer, Primulando, Yu & Yu, JHEP 1204 (2012) 049
Cheng, Geng & Wang, PRD8s (2012) 077702
Feldmann, Nandi & Soni, JHEP 1206 (2012) 007

40

[Pirtskhalava & Uttayarat, Phys.Lett. B712 (2012) 81-86
Bhattacharya, Gronau & Rosner, PRD85 (2012) 054014
Cheng & Chiang, PRD85 (2012) 034036
Brod,Grossman, Kagan & Zupan, JHEP 1210 (2012) 161}



AAc, = Agpy(D° - KYK™) — A, (D° — 7)) R4

LHCb -0.82+0.21 +0.11 PRL2012
CDF —0.62 + 0.21 +0.10 charm2012

BaBar (see below) PRD2011
Belle -0.87+0.41+0.06 ICHEP2012
WA —0.678 + 0.147 (>40) HFAG2012

Individual A-p are not significant
Ay (D = K*K7) [%]  Ay(D° — mthm™) [%]

Need to search
for Acp in
other modes

CDF —0.24 £ 0.22 £ 0.09 +0.22 £ 0.24 £ 0.11
BaBar 0.00 £0.34 +0.13 —0.24 £ 0.52 +0.22
Belle —0.32 £0.21 £ 0.09 +0.55 + 0.36 = 0.09
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v/@3: Tree Level

A(B~ — D°K™) o« A3

- GLW - B_ — DcpK_ & B+ —> DcpK+ (Dcp — K+K_, 7l-+7[_, KSO 7[0, )

Tree only
D° and D° mix

A(B~ — DK~) oc A3(p + in)

* ADS — B -»D'K & B"—> DK (D' —->K'n, K'm 7, ...)

* GGSZ — B — DK, D — Ksr*n, strong phase
from Dalitz plot

Caution: Standard analysis assumes no
CPV in D decay.
CPV in D decay can shift y/p3; by 5°!
Not included yet.

[Wang, arXiv:1211.4539}
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p-value

1.0 T T

0.8

0.6

0.4

0.2

0.0 _I 1 1

'''''''''''

Winter 12

Full Frequentist treatment on MC basis

3 Combined
—— CKM fit

-= D(*) K(*) GLW + ADS
- D(*) K(*) GGSZ

| T T |-"l T | |'~‘| T | T T T | T T T | T T |,-l|-| T T T | T T |

AN s/ y = (66 £ 12)° |

; . New ICHEP2012 results]

o ! not included yet
| '- 7".‘|...|.-‘.":4|...

: .
100 120 140 160 180

40 60 80
¢, (deg)


http://arXiv.org/abs/arXiv:1211.4539
http://arXiv.org/abs/arXiv:1211.4539

Rare decays



B — Ky

* Sensitive to NP (no tree level SM, new particles in 1-loop)

* 2HDM type II (SUSY-like) always larger than SM
* Effective theorty approach to SM calcualtion:
* Matching NNLO)

* Running (NNLO)
* Matrix elements (almost complete NNLO)

AGE s <O
Eeff = EQCDXQED<u7d78767b> + 75%5%%216%(”)@2'

Q2 = s = (slye)(elb),  from b w s
q q
Q3456 = = s = (sub)2,(qllg),
Y
Q7 = b s — %% gLO.m/bRij’
g
Qs = > w s = Fb 50 TGy,

44

r

|Ci(my)| ~ 1

|Cl(mb)| < 0.07

C7(my) ~ —0.3

Cg(mb) ~ —(0.15

J

Known to NNLO

[Ali, ICHEP 2004}



Relative size of various long distance contributions (“matrix elements”) have been studied

' Energetic photon production in charmless decays of the 3-meson l
A. Without long-distance charm loops:

(By 2%~ 1.6GeV)
1. Hard 2. Conversion 3. Collinear 4. Annlhllatlon
‘ - (qq # cc ‘

Dominant, well-controlled. O(asA/my), (—=1.5+1.5)%. Pert. < 1%, nonp. ~ —0.2%. Exp. 7%, n, ', w subtracted.
[Lee, l\eubert Paz 2006] [Kapustin,Ligeti,Politzer, 1995] Perturbatlvelv ~ 0.1%.

B. With long-distance charm loops:

E

6. Boosted light cc
state annihilation

(e-g. 1y J/ U, V)

7. Annihilation of cc¢ in a heavy (¢s)(gc) state

L

S
O(AQ/mz), ~ +3.1%. Exp. J/1) subtracted (< 1%). Ol A/M (asA/M)
[Voloshin, 1996], [...], Perturbatively (including hard): ~ +3.6%. M ~ 2m,., QEW, mp.
Buchalla, Isidori, Rey, 1997 o0 (8), ¢PP(8), 4,5=1,2 e.g. B[B~ — D,;(2457)~ D*(2007)° ]~ 1.2%,
ij ij _
. B[BY — D*(2010)* D*(2007)°K ] =~ 1.2%. '

{lifted from Misiak]
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HFAG 2010: B(B—X,y)=(3.55+0.26)x10™" (for E, > 1.6 GeV)

CLEO [p.11
(2001) untag

BaBar 21"
(2005) sum-of-excl

BaBar s21"
(2007) lep-tag

BaBar [210fb7
(2008) breco-tag

Belle (581
(2001) sum-of-excl

Belle 1605 b7]
(2009) untag+lep-tag

HFAG 2010

BF(B—X.y) (107) (E > 1.6 GeV)

VS

SM: B(B—X,y)=(3.15+0.23)x10"* (for E,> 1.6 GeV)

SM (Misiak et al)

3

4

5

A Brief History of Time

BR[B — X7 (units: 10_4)
Measurements & the SM calculations

.05, EXp. average [HFAG]: (3.547(3) ; SM [NLO; MS]:  (3.70 £ 0.30)
—o— Belle

2004 <
2003 ~ BaBar
2002 —— Gambino, Misiak; Buras, Czarnecki, Misiak, Urban

- leo

——
2001 . Belle
2000
1999
—_—— Kagan, Neubert
1998 Aleph
1997
1996 do— Chetyrkin, Misiak, Miinz; Greub, Hurth, Wyler
cl Adel, Yao; Ali, Greub
1995 —_— €eo
1994
505 _ Ciuchini, Franco, Martinelli, Reina, Silverstrini;
i Buras, Misiak, Miinz, Pokorski
1992
1991
1990
1989 ° Grinstein, Springer, Wise
1 2 3 4 ¢ BR[B — X,v]



; a I"
<, / /
§ ' v
ST
b 57/‘5‘ 5\/1@3 § b tcu §
W
q q q q

* Sensitive to NP (no tree level SM, new particles in 1-loop)

® Many variables can be studied, e.g., forward-backward asymmetry Arp
or Isospin asymmetry:

B(B® — K&Out ™) — 2B(B* — KFutpm)

B(B® — K&)Ou+—) + :—iB(Bi — K&)E+ )

Al =

* Charmonium resonance region must be excluded (B — KMy — KOI)
* Small ¢’= (p+tp-)?, large recoil energy for K, use SCET
* Large ¢%, use HQET
® SM.: fairly clean prediction of location of zero in Ars, negligible Ag
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d&/dg? [107/GeV?]

B— K[t

I Theory W Binned theory

[Gallas, ICHEP 2012}

L IR N —-|HCb —+CDF -®-BELLE —*BaBar
——LHCb preliminary ==~ CDF % BELLE —¥ BaBar ] o T T T ]
i B - ;
1 ] osbd | -
B Theory i I R ]
i F T ) .
] 0 — -
- - SE— -
0.5 ] : 1 ]
[ ] 051 LHCb p
i ] - Preliminary
o '10””;3””11)””1'5“”;0

5 1 15 2
0 2 2 q? [GeV?/c?
Theory -e-Data - LHCb = CDF —« BELLE+BaBar
gl —r T 1 T T T T = —r r [ Tt 1 r T T
= =

o
o0

B—oKuuw LHCb B—oKuuw

LI} IIIIIfIIIIIIIII

i

|I|II‘IIIIII|IIII

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIl

XSS oo
co SN\ M S B
IIIIII

lllllllllllllllllllllllllllllllllllllll

15 0 15 0
q* [GeV?/c*] g [GeV?/c*]

No hint of NP bere!
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Arp zero

[Burdman}

Theory, including non-resonant Kz, to order A/mp, with maximum 7 energy cut

BK
45

0) =

5.5

ESU'= 300 MeV -

ESU'= 500 MeV

0.5

0.5 1

EC''=700 MeV —— - -
w=48GeV -
2 25 3
2
MKTC

-Theory 0 Countlnq Experiment

3.5

-Unbinned

LHCb
Preliminary

///J/////'//////////?////

/, /
///////////

/)
ISP IAD

[BG & Pirjol PDD 73, 094027 (2006)}

ESU= 300 MeV
ESU'= 500 MeV

ESU= 700 MeV ——-
u=48GeV -
05 1 15 2 25 3 35

The world’s first measurement of g2, ,
at g%, = 4.9*11, . GeV?/c* [Preliminary]



B — K[t

Theory -Blnned theory +Data

> > B’ —>K0/,t w LHCb E
o ]
< 4 3
Q 7
203 =
S :
= 2F _+_ =
Z IF =
= o -
o 5 0 15 20 25
¢* [GeV¥/cH]
| __~*-LHCb -=-CDF -+ BELLE~ BaBar

< - ' :
- B —- K ;

0.5 H u -
0:=-——l— --------------------------------------------------- —:
054 — -

[ | =¢= ]

-1 E
-1.5F I

0 20 25

72 [GeV¥/c]

Discrepant with SM predictions:

* Low rate at low ¢>

* A1 negative throughout
* LHCDb alone: 4.20 from zero
* Why in K, but not in K™?
* NP models?

0.5

-0.5

e Naive Average

1.5
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Reconstructed B — uu~
event from the

LHCDb Collaboration

[muon.wordpress.com}

Sensitive to NP:

(a)

(b)

b W :
t \
5 w
N b . o’
t D AN +
| —~ ’\/\/\/(\)/\,—b—— w
2 W " S X
S s
SM MSSM
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SM Theory

Reliably compute CP-averaged decay rates in the flavor eigenstate basis

(T(Bs(t) = M)|,_o =T(B; = f) +T(B; = f)

Br(B,) = (3.23 £ 0.27) x 107
10 [Buras et al, Eur.Phys.J. C72 (2012) 2172}
Br(B,) = (1.07 £ 0.27) x 10~
Digression
NEW: De Bruyn et al: This is not what is measured! [De Bruyn et al, PRD86 (2012) 014027}

Cannot neglect life-time difference:

AT, _ r{® — i
— 0.088 4 0.014
= o 0.088 = 0

Ys =

Decay rate is sum of two different exponentials

(T(B,(t) = f)) = T(Bt) = f) +T(BAt) = f) = Rbe Ti't 4 RieTit,

Experiment measures total number produced:

They obtain:




This applies to any final state f (not just u*u")

BR(Bs — f)exp

Bs - f AgF(SM) & f)theo /BR’ (BS =7 f)exp
(measured) From Eq. (8) From Eq. (10)
J /v £o(980) (1.297529) x 107* [18] 0.9984 £ 0.0021 [14] 0.912 4 0.014 0.890 =+ 0.082 [6]
J/YKs (3.5 0.8) x 107° [7] 0.84+0.17 [15] 0.924 + 0.018 N/A
Dyt (3.01 £0.34) x 1072 [9] 0 (exact) 0.992 + 0.003 N/A
KK~ (3.5 0.7) x 107° [18] —0.972+£0.012 [13] 1.085 4 0.014 1.042 4 0.033 [19]
DD (1.0475:2%) x 1072 [18] —0.995 + 0.013 [16] 1.088 4+ 0.014 N/A
Large corrections!
1.15} l
g :
Q I
110} .
T X
Q105 [ P
R T o
£1007 f 777777 l',“—“"‘fﬁfﬁfﬁtf 777777777777
3l Abr =10 o — more generally
= oo A =-051 .- | \
> 0.95 o e ; —
T — Aar =00 o
8 0.90 Al =405
0851 = LHCh 10 CL |
LHCb 30 CL | .
020 —0.15 —0.10 —0.05 000 005 010 015 0.2
Ys
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End Digression




SM

95% C.L. Bounds
DO

PLB 693 (2010) 539, arXiv:1006.3469
CDF 10 fb~!

As of July 2012 ICHEP)

Ca Thuile 2012, Miyake
ATLAS

bounds only

arXiv:1204.0735

CMS
JHEP 1204 (2012) 033, arXiv:1203.3976.

LHCb
PRL 108 (2012) 231801, arXiv:1203.4493

ATLAS+CMS+LHCDb
LHCb-CONF-2012-017

0

LHCb measurement (Nov 2012)

B(B) = utu7)

recall:

10 20 30 40 50
B(B. — it i) x 109

(3.2 775 (stat) Tg3(syst)) x 107°

B(B? — ™)™ = (3.234+0.27) x 107°

Also new (best) bound:
'B(BO — putuT) < 9.4x g4

54

Candidates / (50 MeV/c?)

=) [\ &~ (@)} e ¢]
LN L A LI LA\ L

LHCb-CONF-2012-017
Preliminary upper limits
(95%C.L.):

B(BY — utp)< 4.2 x107°
BB® — utp~)<81x1071°

14F
12F
10 F

LHCb
1.0 fo7'(7TeV) +1.1 b '(8TeV) ]
BDT>0.7

b

6000
m,. - [MeV/c?]

[LHCb, arXiv:1211.6093}






Is there still a problem with B~— 77v?

* B7— rvin SM is tree level
(H W)
* Clean SM prediction, lattice
ives fp
& ['(B—71v)= GQZTB mg (1 — mz/mB fB‘Vub|2

* Modified for 7, less for e, u,
by charged higgs in 2HDM

W.A. summer 2008

e 2HDM modifies box diagram
too: cannot use SM extraction

of sin(2f) from B'— ¢ K

e But NEW Belle result (uxivizos.46-8]

Fit excluding B~— 7v & B'— 9 K


http://arXiv.org/abs/arXiv:1208.4678
http://arXiv.org/abs/arXiv:1208.4678

Is there still a problem with B~— 77v?

* B7— rvin SM is tree level
(H W)
* Clean SM prediction, lattice
ives fp
& ['(B—71v)= GQI;ZLB mg (1 — mz/mB fB‘Vub|2

* Modified for 7, less for e, u, .,
by charged higgs in 2HDM T T

W.A. summer 2008

e 2HDM modifies box diagram
too: cannot use SM extraction

of sin(2f) from B'— ¢ K

* But NEW Belle result {arXiv:1208.4675/' 3

B(B~ — 177 ;) = [0.7210:3% (stat) & 0.11(syst)] x 10~*

Fit excluding B~— 7v & B'— 9 K
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B —Drv and B —>D71v
* Like B~— 77, tree level W~ /H _,.«<%_
b = ¢
B ()
t q q =

e [Like B-— 7 v, enhanced
relative to SM

.. D(pp)|ey*b|B(pg)) = Fv (¢’ [P” +pt — mE——q"
e Sensitive to more form \Dipp)ler*dlB(ps)) (¢)|P +pp —mp q>

1 —
factors, e.g., + Fe(?)md q; -
e 2HDM: tree level (Dp)lBpe) = "2 L") py (g2
. Irec 1eve bD pB)) = T — T, s\q r = mp/mp
e Define R R(p)=2r8—=>Dw) R(D=28 =D 7v)
Br(B — D(v) Br(B — D (v)
R(D) 0.297+£0.017 0.440+£0.058+£0.042 +2.0c 3.40 deviation (above)

SM in aggregate

R(D*) 0.252+0.003 0.332+0.024+0.018 +2.7¢
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Combination of measurements also inconsistent with 2HDM

2 17 |2 2 2 2 2 Q 1y 2
sMO» 4L _ GplVallple ( me\" T o 2 2y (14 M) 4 3me gy 2
dg2 — 96m3m3 q> [| ++]7 |H—f| + [Hool") [ 1+ 242 + 2 2 | Hotl

2
q V- for Dtv
F me/mp ) | +for D*tv

HtQHDI\r-[ _ H::"»’I > (1

=
0.6
Taking into account the effect of
04 tan B/m,, on efficiency
0.2
— C , | , , R(D) = tanB/m,=0.44+0.02
a F R(D*) = tan B/my =0.75 + 0.04
pe 0.4
Mutually exclusive with
0.3 CL >99.8%
0.2
0 0.2 0.4 0.6 0.8 1

tan3/mg+ (Gel
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Don’t forget: General MSSM lives in a straightjacket because of flavor

General MSSM 4 BRx104
2
Ruled out unless squarks almost degenerate
-0.05 0 0.06
Assume small A2 8 w0
0= —
m 8
° BR#104
and bound 4 ’
2
-0.05 0 0.06

0

d,RL,23

Besmer et al, NPB609:359,2001

Must introduce (ad-hoc) CMSSM, or NUHMI,
or better justified gauge mediation variants

(NUMH1="non-universal higgs masses”-1 version of MSSM)
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SUSY
Gavje Mediation W)gmub' rmlu‘kJ
A‘"wly Mub\ v
' SM-M
W > ,:}95;&9’7 4)4""‘1
- 1 34 MFV
rMFVJ \ MF
{ l | C MM el W
?{/:Le:trey M:l’.i:%" un \versd Ly o sk A7
" en n d :
mod iqPcs; - : i b
cotamly ossivle aud b MEV
V)dh’ﬂ«', qud o MFV >4 Pamlm
V(’y NOFI vq hOvI wiw on\y ‘f/ﬁ'“'
porane fers

f'ﬂ Wece Hh eones.

61 [BG, FPCP2009}
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. MsfM«MFV’J
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wa) ov ng J ; L
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61 [BG, FPCP2009]}
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€F = 1 }4 MFV
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Implications for NP searches

e With few exceptions, no deviations from SM

e Exceptions (some are going away already):
e B —tv,B—>Drv, B—Drv
* Jsospin asymmetry Aj
* Flavor specific CP asymmetry as

* Bounds on NP require specific choices:
* infinitely many variations of SUSY
® variations on extra-dimensions
* techni-color (strongly coupled higgs sector with dilaton)

e Standard practice to give updated bounds
* [nteresting to review bounds form the past (perspective)
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CMSSM

tan 8 = 30

. BR(B — XS’Y)MSSM

Fx, = BR(B — X,7)su

Pl

1.6
1.55
1.5
1.45
1.4
1.35
1.3
1.25

1.2

4] HIIlII\I|HI\‘\HI|\II\|IIII|\IH‘\HI‘\II\'IIII

3
A, (TeV)

1.35

1.3

1.25

1.2

1.15

[Haisch & Mahmoudi, arXiv:1210.78061

BR(Bs — 1 1™ )vssm

Ry, =

BR(B, — ptpu~)sm

0.78
0.76
0.74
0.72
0.7

0.68
0.66
0.64
0.62
0.6

3 4 5
A, (TeV)

you can't see all parameters here, some have been fixed by higgs



flash back, 3 years ago...



Slide taken again from BG FPCP2009 . Mpy=150GeV

CMSSM (at large tan f3, possibly)

1%

N : i |
tan ﬂ 1 Charg?d nggS and E [Degrassi et al, arXiv:0009337}
chargino | |
exchanges dominant |
tan3>1  Higgs exchange dominant IR N
my = V2My % cos 3 (1 + e tan ) . $ ol
five new (beyond SM) parameters ]
T T T T T ] 7\ T T T T =TT =TT =TT T=T"7T ‘7 150 &
a) | [ b) ] 100 r—
2 (o) tan § = 50 1 3 103 : o
3 ° an 210 Mye = 200 GeV
+i +i
/F 3
s 5 Y 102
~— - - M 1 - - .
o e = solid: <0 M; =500 GeV, M;, =850 GeV
~ [ &
N > dashed: 1 >0 M; =500 GeV, M; =850 GeV
I
+ 3
3 | .
48 e 5 ﬂj\L 10 | - dot-dash: 1 >0 M; =600 GeV, M; =750 GeV
‘E o dotted: <0 M; =600 GeV, M; =750 GeV
- i
eo - | 0 m
1 - el - 1 :*""/':’:‘;/ =
i AR T T NS N N N AR A TR i :\ o L b b by L \:
200 400 600 800 1000 10 20 30 40 50 60

M. (GeV) [Buras et al, arXiv:o210145} 1amg 65



Slide taken again from BG FPCP2009 . Mpy=150GeV

CMSSM (at large tan f3, possibly)

1%

N : i |
tan ﬂ 1 Charg?d nggS and E [Degrassi et al, arXiv:0009337}
chargino | |
exchanges dominant |
tan3>1  Higgs exchange dominant IR N
my = V2My % cos 3 (1 + e tan ) . $ ol
five new (beyond SM) parameters ]
T T T T T ] 7\ T T T T =TT =TT =TT T=T"7T ‘7 150 &
a) | [ b) ] 100 r—
2 (o) tan § = 50 1 3 103 : o
3 ° an 210 Mye = 200 GeV
+i +i
/F 3
s 5 Y 102
~— - - M 1 - - .
o e = solid: <0 M; =500 GeV, M;, =850 GeV
~ [ &
N > dashed: 1 >0 M; =500 GeV, M; =850 GeV
I
+ 3
3 | .
48 e 5 ﬂj\L 10 | - dot-dash: 1 >0 M; =600 GeV, M; =750 GeV
‘E o dotted: <0 M; =600 GeV, M; =750 GeV
- i
eo - | m
1 - ST - 1 :*""/':’:‘;/ =
i AR T T NS N N N AR A TR i :\ o L b b by L \:
200 400 600 800 1000 10 20 30 40 50 60

M. (GeV) [Buras et al, arXiv:o210145} 1amg 65



Slide taken again from BG FPCP2009

CMSSM (at large tan f3, possibly)

tan ~ 1  charged Higgs and

chargino
exchanges dominant

tan3>1  Higgs exchange dominant

my = V2My L cos 3 (1 + e, tan 3) .
g

five new (beyond SM) parameters

a) | | b)
5
~—~ 1031 tan 8 = 50 1 3 103;(; " a
”i /6 VI/’_\ N .ZWH+ — ZUU Gb‘v’
+i 3
+
/F =1
s} .
= 10°} . 31027 .
an} ) e
~ \ an)
T ™~
3 N
+i +i
T 10 . 310
s} v
~ M
l ~—
m . e
Scee | M
1 F T Sema oo _. . 1 IS —
T I T N A NN T T R R S R e b
200 400 600 800 1000 10 20 30 40 50

10%

BAS

» X8 garrenal x
»

[Degrassi et al, arXiv:0009337}

He |GV

20

100 ¢
10 15 20 5 30 35 &0 45

fan betna

Scale! Compare with previous slide!!!

solid: 4 <0 M; =500 GeV, M, =850 GeV

dashed: 1 >0 M; =500 GeV, M; =850 GeV

E dot-dash: >0 M; =600 GeV, M; =750 GeV

e

dotted: © <0  M; =600 GeV, M; =750 GeV

M. (GeV) [Buras et al, arXiv:o210145} 1amg 65
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At this point I am supposed to show you many more plots of the restricted
parameter space in versions of low energy SUSY, extra-dimensions, little higgs.....

SRl THIS WASN T PREDICTED

Time to be a philosopher
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10_‘\'\'\'|'|‘|‘|‘|‘|'|w'|'\'\' R L L I I R
r fit result hQﬁ%CL 1

[MeswcL

e What remains as acceptable NP: S
* Decoupling: Make all new particles ever heavier 10 9 .
* Flavor Blind: Make all flavor couplings small (MFV)

_:\\l\l\llllwlwlww |||\\\||\\\|:
20405 0 o5 1 s

50, = CMIY_ s

* Fabulous for hiding non-existent particles and interactions!

S = %;msvmv;mm
* [ propose we should be doing something else: + Vi VieCHP; + ViV C§PE + hec.
®* We do have deviations form SM
® Should focus on models that address anomalies Pr = q5=mp(500"bR)Fuy
* ‘Iricky: which anomalies do you focus on? Py = qg=mu(500" T R)GY,
® >30 Py = &3 (5rubr) X (0v*0) |
* At least two experiments Pio = 16z (817br) Zp(0r"150)

2

* (No guaranteed persistence, witness B — v) P{ = . (5,bp)(rty)
0 — 16n2 )

* Example: top-quark FB asymmetry at Tevatron

fit result Mos%cL ]
[es%cL

67 [Hurth & Mahmoudi, 1211:6453}



Flavor Physics and FB asymmetry in top production at Tevatron

s-channel exchange models

[Marques Tavares, Schmalz / Barcelo, Carmona, Masip, Santiago / Ferrario, Rodrigo / Frampton,Shu, Wang /
q t Djouadi, Richard / Bauer, Goertz, Haisch, Pfoh, Westhoft / Bai, Hewett, Kaplan, Rizzo / Zerwekh /Hewet,
Shelton, Spannowsky, Tait, Takeuchi / Haisch, Westhoff / Aguilar-Saavedra, Perez-Victoria, ...}

G is color octet for LO interference with QCD

Need axial coupling; “axigluon.” For positive
_ _ asymmetry and heavy G need sign(g? g) =—1:
vector-axial couplings non-flavor-universal.

Light G: suppressed light-g couplings (from dijets)

—_ . tchannel exchange models
u,d t u t

[Jung, Murayama, Pierce, Wells / Cheung, Keung, Yuan / Cao, Heng,Wu, Yang / Barger,
Keung, Yu / Cao, McKeen, Rosner, Saughnessy, Wagner / Berger, Cao, Chen, Li, Zhang /

, , , Bhattacherjee, Biswal, Ghosh/ Zhou, Wang, Zhu / Aguilar-Saavedra, Perez-Victoria /
YA , 1,74 ) ¢ YA ) ¢ Buckley, Hooper, Kopp, Neil / Rajaraman, Surujon, Tait/ Duraisamy, Rashed, Datta /
Shu, Tait,Wang / Cao,Heng, Wu, Yang / Dorsner, Faifer, Kamenik, Kosnik /
_ Jung Ko,Lee,Nam. Aguilar-Saavedra, Perez-Victoria / Patel, Sharma / Ligeti, Marques
U , d E Uu t Tavares, Schmalz, ...}

* Alarge FB asymmetry requires large flavor violating couplings
* Like sign tt, dijets, single top, very constrained at Tevatron and LHC

Al riodel/s re?a/re non-2rivial Flavor interactions.

Natural implementation: Minimal Flavor Violating Fields, rich phenomenology (86, kagan, Trott, Zupan]
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Conclusions

Physics of Flavor continues to be a rich program in HE:

® s, c,band nowt

* CPC/CPV, mixing, semileptonic, rare decays, polarization-amplitudes,...
Standard Flavor Model (CKM) is incredibly successful

* Consistent unitarity triangles in all combinations (eg, tree/loop, CPC/CPV)

* Consistent in rare decays over 6 decades of branching fractions (from
radiative decay to purely leptonic decay of B?)

Few anomalies

* B Isospin Asymmetry, decays into tau, ...

* For some we have no reasonable model (eg, Isospin Asymmetry)

* Many going away (or gone)

* Old man: likely to evolve into consistency with SM (with additional data)
Models of NP pushed (not to a corner but) to

* Decoupling/high mass

* Suppressed flavor changing couplings

* Suppressed CPV phases in couplings
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The End



