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Particle physics deals with a wide range of length/mass scales
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Particle physics deals with a wide range of length/mass scales

nonpert.
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SM flavour: CKM matrix

” all flavour violation 5
St us Uy, : i *J fj
\-\g/ in charged current \\g/
7 (tree) neutral current 70
conserves flavor A?
4
Vi Vs Vi 1 — N2 A AN (p—in)
V= (vcd Ves vcb) ~ ( -\ — 3\ AN’ ) +O(AY)
Vi Vis Vb AN (L —p—in) —AN !
|VUS|

A

= 0.2255 + 0.0029 nucl. beta decay, n lifetime

\/’Vud’2 + ’VuS‘Q
V| = AN V| = (41.2 £ 1.1) x 1077 excl. & incl. b->c decay

PDGO08, no
unitarity used

Vud Vi - 2y 2 ters to be determined
_ A\ parameters to be determine
VeaVa, p+in+ O one complex - CP violating

p 11
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Unitarity triangle

VasVud — + VgVea + VipVid = 0
Unitarity of V =
AN (p+in) — AN 4+ ANA—-p—in) = 0
Graphically, _
(p, M) 5
ires top | %W
requires top loop q
U < v Vg AT |
Had AV, AVeb Vip = [Vale ™
(tree-level
Weak int.) Vig = [Vigle™ .
b
(0,0) 1 (1,0)

suppression of FCNC by loops and CKM hierarchy
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: . 0 0 A v
Short vs long distance: K~ — K" mixing
5 t d 6
1 1 /m? 10~ t K|
Vo2 P N op quark loop
§ t § < (VisVig) 1672 MI%V (M‘%V + >X M{%{/ CKM-suppressed
“ 1 1 10-4 .
2 o o (Vs V)2 % const _ =Y light quark loop
g il ¥ 16m% My, >< M2,  CKM-enhanced
RS
2 2 i 1 N long-distance
k™~ AQCD X (Vus Ud)QM—{}V >®< X (Vus ud)2 ]\C}SD power-suppressed
W' but CKM-enhanced

u u C

; ; — O(AmSP) if me ~ GeV
C C
unitarity / GIM

(Vs Jd)zﬁQ(VUS ud)(VesVea) + (Ves CZ)Z = (Vis tZ)Q cancellation
Im %
t
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Flavour at the TeV scale

e Much of present theory activity (and experiment - LHC)
are motivated by exploring the weak scale and by its
sensitivity to radiative corrections

e This derives in part from

H - - --- H x Y Ay

hence physics that stabilizes weak scale should contain
new flavoured particles. This is what happens in

SUSY (stop),

warped extra dimensions (KK modes),

little Higgs (heavy T),

technicolour,

etc.

e Such particles will always contribute to FCNC

Donnerstag, 16. September 2010



SUSY flavour

SuperCKM basis: Superfield basis that diagonalizes Yukawas

Squark mass matrices are still 6x6 with independent flavour

structure:
( (M2)LE )

3x3 fIavour-onating
(‘ mg + DdLL U pu*mg tan )

RR
LR mass terms are SU(2)w-breaking -

vlTT umg tan 3 m + md + Dipr
related to trilinear scalar couplings
similar for up squarks, charged sleptons. 3x3 LL for sneutrinos

AB
2 : :
(5u,d,e,y . (Mu o ﬁ)z'j 33 flavour-violating parameters

i Jap = m> 45 CPV (some flavour-conserving)
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SUSY flavour (2)

(M?ZAB)U
R :‘. - ... - _<. -

d ai dp;

Nl
Nl

(M2.,)is

dCD

dp;j——

- - > - - > -

dpj dc;

> dC’z’

K-K, Bg-Bg, Bs-Bs mixing

AF=1
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SuperFlavour puzzle

(6%, = ad?’éa'?)w where are their effects?
iJ AB m2

Quantity upper bound Quantity upper bound

\ va:é"_f:_\ :lf L 4.0 x 10 “ \ Ih'fé";';'}f. Ll 9.8 x 10~

Quantity upper bound

v/ IRe(6, )% 4.0 x 10 ' |Re(8, ) s 9.8 x 1077

VIRe(35)7, | 39x 107"

\/ Re(85,)7 &l 4.4 x 103 (|Re(d7,)7. 3.3 x 107

\'.‘." Re : 5 ‘. ‘: 3{ R 3.9 x 10 .

v IRe(63,) (8 )rr| 28 x1073 Re(7,)1e(6%)nn| 1.8 %107

\ Rl‘:" l; - 1.20 x 10 :

\ Im(83,)%. 32 %10 ° Re(d7,)7, 48 x 10

V|Re(8%.)Le(8ic)ra| 6.6 x 1077

\':’ I“l:'{.:' l:‘u“ \52 x 1“ i [11‘:5.:%: jl'n‘.l' ;q X lU

\ Im(83,)3 &l 3.5 x 10 [|Re(6%,)3 5 1.62 x 1077

| [Gabbiani et al 96; Misiak et al 97 ]
fIRe(6%)ee (85 )re] 8.9 %107 these numbers from [S], 0808.2044]

- - - - - - -

\ Im(85,) .0.(85, ) nr 22 x10 °

- elusiveness of deviations from SM in flavour physics
seems to make MSSM look unnatural

- pragmatic point of view: flavour physics highly sensitive to many
MSSM parameters
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Flavour - warped ED

f(¢)

Warped 5D

light heavy

Higgs localized on IR brane

light (heavy) fermions localized
near UV (IR) brane

S d dangerous four-fermion

operators with TeV
suppression are

d s natural” on the IR brane

Donnerstag, 16. September 2010

SM fermions are
zero modes of fields
present in the bulk
(like DWF)

[G Perez, talk at CKM 2010]
¢

hierarchical SM
fermion masses

not so dangerous after
taking into account

localization of SM fermions
("RS-GIM?)



Flavour - warped ED (2)

e dominant contribution to FCNC usually not from brane
contact terms but from tree-level KK boson exchange

N = / 46 w(6) £ () £ (6) £ ()

Youn o< fU™) () £ ()

non-minimal flavour violation !
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Other scenarios

e fourth SM generation
CKM matrix becomes 4x4, giving new sources of flavour
and CP violation

o |ittle(st) higgs model with T parity
(higgs light because a pseudo-goldstone boson)
finite, calculable 1-loop contributions due to new heavy
particles with new flavour violating couplings

non-minimal flavour violation !
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NP flavour puzzle

e Naturalness suggests

1 1
‘Celcf o A2 VH2 T £gauge Yukawa + —(HTL) + 2 {(Emd)z + - }
Auv Ay

v~246 GeV => A<TeV

NP ---> MSSM WED generic
EW precision bound weak 3TeV 10'-2 TeV
flavour bound 1034 TeV 20 TeV 10* TeV

Ellis, Nanopoulos 8?2 Agashe,Delgado,May,Sundrum 03
Gabbiani et al 96 Csaki,Falkowski,Weiler 08

e flavour violation in SM “unnaturally” small: weak
coupling, hlghly non-generic structure (CKM, GIM)
AMpg, -(VaVis)?  (gives strong NP constraint)

Bona et al (UTfit) 06

167
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AF=1 FCNC transitions

Sr,brY SrbLY magnetic penguin
stbry™  SrbrY QED penguin

_ - chromomagnetic
SLORY SROLY penguin

sr,brg” Srbrg” QCD penguin
spbr 2 SpbrZz Z-penguin
sr,bpH

spbr H

four-fermion vertices
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AF=1 FCNC transitions
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spbry  [5mbLy
stbry™  |5rbRYT
S.brg Srbrg
sbrg” | 5rbrg”
spbp 2 \gRbRZ )
negligible in SM
(§LbRH\
spbr H
\ J

magnetic penguin
QED penguin

chromomagnetic
penguin

QCD penguin

Z-penguin

four-fermion vertices



AF=1 FCNC transitions

y

»-

Z

H

b‘
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_ )
[SLbRW SrbLy |
SLbry"  |SrORY”
[ngRg Srbrg )
spbrg”™ | 5rbrg”
spbp 2 \gRbRZ )

negligible in SM
(§LbRH\
spbr H
\§ J

require chirality flip

magnetic penguin
QED penguin

chromomagnetic
penguin
QCD penguin

Z-penguin
SU(2)w-breaking

four-fermion vertices



AF=1 FCNC transitions

require chirality flip

o )
[ELbR*y SrbLY ' magnetic penguin

/'Y
stbry™  |SrbRY QED penguin
— — chromomagnetic
sr,brg” Srbrg” QCD penguin

4 sp.brp 2 SpbrZz Z-penguin
~ 7 SU(2)w-breaking

negligible in SM
i Sy, bRH\

. §RbLHJ &&= important in 2HDM at large tan()

b
‘ four-fermion vertices
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U T 2 O 1 O apologies to UTfit, who obtain

consistent results

T EB ' . IcHEP10 T
- '§ ,,,,,,,,,,,,,,,,,,,, 2, &
0.5 Z 2 g : _Ajﬁ','f.'f.'-v:-:::;;:‘.?“' B 9 1T1T , -lTp, pp j

0.4 2, gr ' ‘ —

= K -

0.3 —

- 202 v -

02 B > —

0.1 o \=

B > D*1 / ’ :
Bf = DO K# 0.2 — 0.0 0.2 0.4 06 T k. — 1.0

consistency of CKM picture established by B factories
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U T 2 O 1 O apologies to UTfit, who obtain

consistent results

RE R

d:%-
q
Ll

0.6 z ICHEP 10

o8 é ,| B> 1T, mmp,pp j
0.4 % ' =:.
I= . ,/ ~Q | ) —E
0.2 . / —g
[ Ty — e .. . > E
Bf = DO K= 0. . . 0.4 0.6 0.2 1.0

P B- J/iw Ks

consistency of CKM picture established by B factories

But it is possible that the TRUE (p,n) lies here (for example)
as only the y and Vu, determinations are robust against new physics
certainly there is room for O(10%) NP in b->d transitions
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U T 2 O 1 O apologies to UTfit, who obtain

consistent results

06 é% | oHep 10 %
05 § .| B> mrm,mp,pp j
— 0.4 .;;// ' =E'
03 [ —;
0.2 ' ‘ N, —é
B = D*mr N » —- --—— PN
[ Bi > DO KJ_r . — . l — 0.4 | .6 T 0.8 — 1.0
P B J/w Ks

consistency of CKM picture established by B factories

But it is possible that the TRUE (p,n) lies here (for example)
as only the y and Vu, determinations are robust against new physics
certainly there is room for O(10%) NP in b->d transitions

b—s transitions only weakly sensitive to (p,n)
but can be sensitive to BSM flavour
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b—s transitions

e trees carry small CKM factor ~ A4, penguins ~ A2
b—=>s decays penguin-dominated in SM, sensitive to new
physics
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Classes of exclusive decays

final state strong dynamics #obs NP enters through

Leptonic
decay constant > i
B>, Y o(1) i, @
Bl | (O|j¥|B)  fs b ’
semileptonic, form factors

radiative . O(10) ° i ; -
B> K1 F, Ky  (THHIB =A%) b i
S

charmless hadronic  matrix element
B->1rm, K, pp, ... (TrTT|Qi|B) O(100) bb""‘?g
Z
All non-radiative modes are also sensitive to NP via g
four-fermion operators

Decay constants and form factors are essential. Accessible by
QCD sum rules and in some (-> all?) cases by lattice QCD!
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Leptonic decay, NP and LHC

BB, — pp™) =(3.240.2) x 107
Buras et al 2010

, Yukawa suppressed in SM

2m
£ tan® 3

M4 in 2HDM (or MSSM) Yukawas
can be very large

mi loop and helicity
M2 suppressed in SM

Loop suppression and pOSS|bIe removal of helicity/Yukawa suppression
Imply strong sensitivity to new physics

A ————— T

‘R B S8 . i
(12 ; o %5 - . ..................... L;ﬁ; f! ‘,’L ;?.1 ff";np]—;ir‘-%: 5 LHCb
’>'<\ — O Sensi IVIty JLr - i WRERTR ,.-;- 5 7 g o
= | oSy |ATLAS/CMS ST N elsnalthks % obtervid) |
T,,, =BG only, 90%CL 5r
12]
o L 4
@ 10 -

B L]

| SM

B 3

[Artuso et al 0801.1833]
1 | | | | ‘ | | | | ‘ | | | | ‘ LU s | i e e A SR e
0 10 20 30 o172 3 4 5 & 1T 8 8 1

. ) -1
Integrated Luminosity, fo Integrated Lummosity {fbr1)
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Standard Model

¢ NMediated by short-distance S ur
Z penguin and box - long distance  p_
strongly CKM / GIM suppressed b

¢ including QCD corrections, matches
onto single relevant effective operator

GF (87
off = V2 7sin? Oy wVigl Qa

80.4 GeV my
MW 164 GeV

: <104\ [Buchalla&Buras 93, Qa = EL’YM(]LZ’Y g5:14
(approximates NLO to <104) Misiak&Urban 96, H

Artuso et al 0801.1833]

H

1.52

Y (me(myg)) = 0.9636

higher orders negligible

® Dbranching fraction

G*. Q

T (47rsin2 Ow
main uncertainties: decay constant, CKM

for D or K decays long-distance contributions are important

2
B(B, — IT17) = 7(B,) ) Fpmimp, |1 —4—— ml Vi Vis|? Y2

mB
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Standard Model

® Fps=(238.84+9.5)MeV S
Lunghi, Laiho, van de Water 2009 B, >
lattice QCD average b

® error can be reduced by normalizing to B; — By mixing
7B, Y (7 /My,)
B, S(mi/Mg,)
where S is the AF=2 box function and C a numerical const

and in the(bag factor Bz, = 1.33 + 0.06),
some systematic uncertainties cancel. Then

B(B, —»(t¢7)=C

AMQ Buras 2003

B(Bs — u ) =1(32+0.2) x 1077 Buras et al 2010

e \ery precise test of SM from hadronic observables at LHC!
® same trick for Bq=>p*y-, Bsg2e*e , ey, etc

e not for D=>pu*y-or K=>u*y- as mixing is not calculable
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Long distance

e [or Bsq¢=>p*u long distance effects are CKM & power
suppressed

S U
Z ,U+ L2 A?g b u ,
AQCD
4 x Vup V.5, YERE
b Iu_ w Z

‘power-like” suppression, as opposed to eg In(mc/mw) in eg
photon penguin contributions, and CKM suppression

® “background” effects such as undetected soft photons are
not included in uncertainties quoted before and are
traditionally left to experimentalists...  see arxiv:0801.1833 sect. 3.4.
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Experiment

® present upper bounds
CDF DO SM theory
Bs=>u*y- |4.3 108 95% CL|5.2 108 95% CL| (3.2+0.2) 10
Bg>p*u-|7.6 10° 95% CL (1.0+0.1) 10-10
D->p*y- [3.0 107 95% CL ~ 1013
CDF public note 9892 D0 arXiv:1006.3469 DO arXiv:1008.5077
Kreps arXiv:1008.0247 Buras et al arXiv:1007.1993
e early LHCb prospects Burdman et al 2001
0 R 1 R B L @3.5+3.5TeV
- IR I NN B N \ (Guy Wilkinson at
lE CoF Gt < 51 \ 50 observation CKM201 O)
: @3.54+3.5TeV 32 N
2 32T Pl
i o me 0 Q:Q"‘ 01 \‘ \\\
s on limit @ 90% C.L N N\ 3o evidence —
3 § \\ _
3 — i
| B RS SM predictiondXRRREEY]
i SM prediction RRXX '
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lepton flavour !

/ 64 73 sin® Oy
could violate ) [(1 4m?

Beyond the SM

. . S _I_
New physics can modify the Z H
penguin .... B,
b Iu_
| | | s pr
... Induce a Higgs penguin ...
B, b B
7
... or induce (or comprise) four-fermion /S pt could also
contact interactions directly B, violate lepton
| _ _ _ flavour
most general effective hamiltonian b 1L
GF (84 * . .
73 w2 i VisVig [CsQs + CpQp + CaQa] + parity reflections
B(B,— (™) = Cp o VisVigl® 78, M, [, 41— j{;;%
B

q

2m 2
2 2 14
M2 > MBq CS —|— (MBqCP— MBq CA)

By
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huge rates possible, even for
minimal flavour violation (MFV)

(via heavy-Higgs penguin)

correlation (for MFV)
with AMBS

Bs=>p*y-

beyond MFV, no correlations !

[Buras et al 2002]
[Gorbahn, SJ, Nierste, Trine 2009]

bound on BR(Bs=>u*u-) in these

models implies closeness of
AMp, to SM. In turn, AMp,
at present does not constrain

MSSM - large tan 3 - MFV

tang = 50
| M, = 200 GeV

| predicted;

CDF 2010

Lupper limit

! ! ! ! \ !
0 0.5
AM, /AN

not necessarily suppression of Bg=2>p*u-

with respect to Bs=>pu*u

Donnerstag, 16. September 2010

1

1.5



MSSM - small tan 3

Z penguin contributions now S ,u+
relatively more important and B,
interference effects possible b e

complete 1-loop calculation in general MSSM
[Dedes, Rosiek, Tanedo 2008]

implemented in public computer program “SUSY_FLAVOR”

[Rosiek, Chankowski, Dedes, SJ, Tanedo 2010]

10_7E""|""|""|""|""|"'j 10_8:
108 F [
= oF W S P ] 109
+5_ 10 E s‘y\\ // E
A : S ' :
” 10 ~: \ ] E i
m 10 : § v
5 Pl . | Box 3 1070 ¢
a1 [ i v Higgs - ' :
10 ¥ V] AN
F o Total e i
1012-....|....|....‘Y'....|....|.... 10-11
even suppressior-015-0.01-0.005 o 0.005 0.01 0.015 -0.015 -0.01 -0.005 0 0.005 0.01 0.015
23
52 5
below SM possible “as ain

(in this plot the Z penguin does not receive large
contributions, in general it can)
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BSM model comparison

20 I ' T U U T T T T T T T T T T T T T T T T T r T I
L . _| d
)
NN
[ o)
™ 1.5 | MSSM-LL (o)
3 |
+:l
N - [SM4 -
< 10 | N\(‘
@/ |
nd
Mm
>< B
2 0.5
= |
00 """""""""""""" L : ! |
0 RSc 10 20 30 40 50

10° x BR(B. — utu~
(Bs = n7u) David Straub at CKM 2010
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Leptonic summary

e |eptonic B decays measure s ur
the higgs penguin, B,
Z penguin, and semileptonic b 0

four-quark operators

e FEven if the higgs penguin is small (i.e. no 2ZHDM/MSSM with
large tan(beta) ) then this can be O(1) affected - easily

e To the extent these modes are correlated to others, they are
so through the FCNC Z penguin vertex
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Radiative/semileptonic

® many observables accessible at LHCb (FB asymmetry,
time-dependent CP violation, ...)

e see Christoph Bobeth's talk
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Hadronic decays

e Any SM 2-light-nadron amplitude can be written
A(B — MlMQ) — e_”TMlMQ —+ PM1M2

12

Tarats = Vi Vaol [CL@QY) + C2(Q8) + Y CilQu) “tree”
1=3
Py, = CDIVcb\[CMQ({) + O Qg +ZO Qi } “penguin’
CKM factor

(D=d or s)
E frove g
tree W exchang>i penguins (QCD,
magnetic, EW)

Qi: operators in weak hamiltonian
Ci: QCD corrections from short distances (< hc/mp) & new physics

(Qi>=(M1 M2 | Qi| B): QCD at distances > hc/ms, strong phases
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B->1K direct CP puzzle

ABOTKY = Tev + P + Py

S S
1% ' ) Z
b b
-A(B*>m0KY) = (T+C)eY + P + Pew + PCew

data: Acp(B* 2119 K*) - Acp(B%=>1 K*) =0.14 £ 0.03  (expt)

|n general, Only iSOSpin relation [Gronau 2005; Gronau & Rosner 2006]
Acp(B* 110 K+)+Acp(B? =110 KO) = Acp(BO>T K*)+Acp(B*>1r0 KO)

how small are the “small” amplitude ratios C/T and Pew/T
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B->1K direct CP puzzle

ABO>TKY) = Tev + P+ | P%w

DO el S

-AB* > K*) = (T+C)eY (+ P + JPew + PCw
(QCD) penguin
amplitudes

data: Acp(B* 2119 K*) - Acp(B%=>1 K*) =0.14 £ 0.03  (expt)

|n general, Only iSOSpin relation [Gronau 2005; Gronau & Rosner 2006]
Acp(B* 110 K+)+Acp(B? =110 KO) = Acp(BO>T K*)+Acp(B*>1r0 KO)

how small are the “small” amplitude ratios C/T and Pew/T
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B->1K direct CP puzzle

(

A(BO > K*) =

{ 7 5
ree

litud w | 9 Z )WWZ
amp itugaes b b

-AB*>MK*) =((T+C)eV) |+ P+ JPew + P%w
(QCD) penguin EW penguin
amplitudes amplitudes

data: Acp(B* 2119 K*) - Acp(B%=>1 K*) =0.14 £ 0.03  (expt)

—\ [
TeY |+ P+ |[P%w

|n general, Only iSOSpin relation [Gronau 2005; Gronau & Rosner 2006]
Acp(B* 110 K+)+Acp(B? =110 KO) = Acp(BO>T K*)+Acp(B*>1r0 KO)

how small are the “small” amplitude ratios C/T and Pew/T
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B->1K direct CP puzzle

(

A(BO > K*) =

{ 7 5
ree

litud w | 9 Z )WWZ
amp itugaes b b

-AB*>TOK*) = (THC)eV| [+ P+ J[Pew) + Poey
= (QCD) penguin EW penguin
amplitudes amplitudes

data: Acp(B* 2119 K*) - Acp(B%=>1 K*) =0.14 £ 0.03  (expt)

—\ [
TeY |+ P+ |[P%w

|n general, Only iSOSpin relation [Gronau 2005; Gronau & Rosner 2006]
Acp(B* 110 K+)+Acp(B? =110 KO) = Acp(BO>T K*)+Acp(B*>1r0 KO)

how small are the “small” amplitude ratios C/T and Pew/T
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Theory of hadronic amplitudes

1/N expansion (only counting rules)

expansion in Aaco/ms ~0.2 (QCDF/SCET; “pQCD”):
reduce amplitudes to simpler objects (form factors etc)

T/a; Clas P E/b) A/b|
| /N | | /N | /N | /N | 1]
N/mg | I | Nmg | N/mg

QCD light-cone sum rules: partly complementary set of
calculable amplitudes; constrain “inputs” to heavy-quark
expansion

SU(3) / U-spin relates AD=1 and AS=1 amplitudes

T(B>1K)= T(B=>1mmr); P(B=>pp) = P(B>pK’), etc.

(corrections in ms/Aacp ~0.3 uncontrolled; annihilation
amplitudes spoil simple relations)
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Q C D fa Cto rl Zat| on Beneke, Buchalla, Neubert, Sachrajda 99-01

SCET: Bauer, Pirjol, Rothstein, Stewart 04

“nonfactorizable” gluons k*

are perturbative

(M1 M3|Q;|B) =

09
.‘
O

09
..
O

S 22 Qe .:
Pectato r quary .
¢

To leading power in A/m;, long-distance interactions look like

/ k2 - A2
or /hard) spectator
D scattering
soft overlap (form factor) Y

model dependence enters (only) at subleading power
(factorization breaks at O(A/m) for some amplitudes)
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(M1 M5|Q;|B) =

perturbative, includes strong phases

- \ non-perturbative QCD
S0 f MQ/ du T (u)par, () +f B[, far / du dv dw T} (u, v, w) ¢, (W) Par,(v)Par,(u)
soft overlap (form factor) hard spectator scattering

T'~1 + tias + O(a?)

“naive BBNS 99-01 Bell 07, 09 (trees),
factorization” Beneke et al 09 (trees)
TH ~ HyxJ
2 - (0 (1) 2 3
~ (1+hias+0(2) (1 Was + Va2 + 0(a?))
BBNS 99-01 t BBNS 99-01 T

Hill, Becher, Lee, Neubert 2004; Beneke, Yang 2005; Kirilin 2005

Beneke, SJ 2005 (trees), 2006 (penguins); Kivel 2006; Pilipp 2007 (trees);
Jain, Rothstein, Stewart 2007 (penguins)
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Implementations of factorization

BBNS

Beneke, Buchalla,Neubert, Sachrajda

BPRS/*SCET”

Bauer, Pirjol, Rothstein, Stewart

pQCD

Keum, Li, Sanda

hard scale (mp)

perturbative; identical kernels [up to basis]

hardcollinear

fit to data (possible for

not separated,
perturbative

scale (Vmp/\) perturbative LO hard kernels)
no special treatment Introduce extra
charm penguin (generally) small complex parameter not (yet)
calculated

perturbative phase

(fit to data)

most important
theory inputs

QCD form factor,
B & light meson LCDA

2 soft form factors,
light meson LCDA

kT dependent B
wave function

power
corrections

calculate or model
potentially large ones

various treatments in
the literature

computed

- charming penguin phenomenologically indistinguishable from
penguin annihilation term (power correction)

- pQCD school claims soft overlap calculable, hence no form
factors remain (but more complicated meson wave functions)

Donnerstag, 16. September 2010



phenomenological summary

e Corrections to naive factorization ~ ®™7 " [Beneke, SJ 05, 06]
small for T and Pew, stable o1 C T |
. . | G |
perturbation series ; small 005 ~~ . NGO
C " LO :
uncertainties ° L {" -
-005 " at * G
e Corrections O(1) for C (and Pew®), o1 NO | o, o
stable perturbation series TS
o o 0 0.2 0.4 0.6 0.8 1 1.2
large uncertainties (hadronic inputs; parameter set “G” (fit hadronic
large incalculable power correction parameters to B=>1rr BR’s):

C/T~0.69+017i

for final states with pseudoscalars) large magnitude, small phase

* (physical) penguin amplitudes moderately affected by
iIncalculable penguin annihilation terms. Spoils precise
predictions for direct CP asymmetries

e certain SU(3)-type relations satisfied in good approximation
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B—1K direct CPV

e QCDF, with usual estimate of uncertainties (in particular BBNS
model of power corrections), cannot accomodate data:
Acp(B* =210 K*) - Acp(BY=>m K*) = 0.14 £ 0.03 (expt)
=0.03+£0.03 (QCDF) Benekeog

reason: small arg(C/T); if it were large, could accomodate data
[eg Baek, Chiang, London 09]

e one possibility: new physics with the structure of an electroweak
penguin amplitude (modified Zsb vertex, Z'boson etc)

[Buras, Fleischer, Recksiegel, Schwab; Baek et al; Imbeault, Baek, London; Kim
et al; Lunghi, Soni; Arnowitt et al; Khalil, Kou; Hou; Soni et al; Barger et al; Khalil,
Masiero, Murayama; Ciuchini et al ... ]

* Stk (time-dependent CP asymmetry): no significant deviation;
direct CP asymmetry interpretation depends on a model of power
corrections, which may (plausibly) underestimate C

e can we better use the data to reduce the theory uncertainty?
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BA}-lTK iSOSpin anaIySiS Fleischer, SJ, Pirjol, Zupan 08

Gronau, Rosner 08

The two B? decay amplitudes add up to a pure Al=3/2 amplitude.
(The two B* decay amplitudes add up to the same amplitude.)
The situation for the four CP-conjugate modes is analogous.

In the SM, Az;2 stems solely from tree
and electroweak penguin amplitudes
(QCD penguins are Al=3/2)

The ratio Pew/(T+C) is known in
A A ely the SU(3) limit.  Neubert, Rosner 98

- (T+C)
V2 A, 3 A3/2 T+C is SU(3)-related to BR(B? =10 19)
2| AgoAoo| .
S op. = — 28 — 20 .
A_|__ Kg ‘AOOP n ‘AOOP Sln( ﬁ ¢ K )

One relation between 4 decay rates (all measured) and Snk
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Mode BR [107°] Acp
B - xTK~ 1944+0.6 —0.098 +0.012
B - 7°K° 98+06 —0.01+0.10

four-fold ambiguity: resolve by considering strong phase of P/(T+C)
-30° 07 30°

"8o°

05

00

SKs m°

~05

_10. 1 ~04-03-02-0.1 00 0.1 02 03
-04-03-02-0.1 00 0.1 02 03 Aks e
AKST(O

Fleischer, SJ, Pirjol, Zupan 08
heavy-quark limit predicts =0° o

SU(3) relation with B=>1r1T gives =0°

both exclude the solution in the red band

Donnerstag, 16. September 2010



e use QCD factorization only to estimate SU(3) breaking

lor

0.6

SKs °

00

04 -03 -02 -0.1
AKS?TO

Fleischer, SJ, Pirjol, Zupan 08
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0.0

0.1

0.2

N

g —0 99+0.01‘ +0. 000’ +0. 00‘ +0.00
0 Ks = Y-97-0.08|exp.—0.001| Ry o —0.11| g, —0.07 |

error dominated by form-factor ratio
FB—)K(O)/FB—MT (O\,

i +1\o0
Ry = (1.02£537)e

assuming 30% error on future lattice
calculation of SU(3) breaking in
FB=EK(0)/FB~™(0" would reduce error:

i(0T1ye
Ry = (0.908%5:033)e -0
[arbitrary central value]

[assuming superB statistics]



® can be explained a modified electroweak penguin

A

i | P
2; qe’LQS — cw _
0.66 7
% : Fleischer, SJ, Pirjol, Zupan 08
Barger et al 09
0,
4L
1.0 -0.5 0.0 )
e Dpest fit works a bit better for

(other) time-dependent CP asym-
metries than SM - details depend
on how EW Wilson coefficients are
modified

—NcpS = Si@ﬁef%
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Impressive LHCb prospects

Guy Wilkinson at CKM2010

should resolve long-standing
experlmental puzzle

LHCDb stat
sensitivity
Current knowledge itk 200 pb'1
AT —0.0987 00 0.008
A 0.39 £+ 0.15 = 0.08 0.05
AT 0.03+0.17 £ 0.05 0.05
AI,K_ 0.37 £0.17 £ 0.03 0.03
A 0.38 & 0.06 0.13 j
R —0.65 £ 0.07 0.13
Corr(Adr | Amie 0.08 —0.03 J
K- 0.15
ARkvk- Still unmeasured 0.11
Corr(A‘}é%K_, A ) 0.02
BR(BY—r777)
BRIBSK =7~ 0.264 £ 0.011 0.006
BR(BV-KTK™)
BRI SR r) 0.020 L 0.008 L 0.006 0.005
Ffs BR(BVSKTK ™)
[ BRBOSK ) 0.347 4 0.020 + 0.021 0.006
fs BR(B) —»7TK™)
F BRIBV=K ) 0.071 £ 0.010 & 0.007 0.004
Ia BR(BQ—)?T_I_?T )
[ BRIBSK ) 0.007 -£ 0.004 L 0.005 0.002
fiag BRA Ny 415 + 0.0074 = 1
P BRIBI=K ) 0.0415 4 0.00 0.0058 | 0.0016
Fay BR{Ay—pK ™)
0.0663 £ 0.0089 4 0.0084 | 0.0018

JaBR(BY—K~+7—)

Donnerstag, 16. September 2010

> 7t T SCP VS C ICHEP 2008
Cep PRELIMINARY
1 T 1 | 1
S AN BaBar -

Belle
Average
L 1 L 1 1 1
-0.8 -0.6 -0.4 -0.2 0

: cP
Contours give -2A(IN L) = Ax" = 1, corresponding to 60.7% CL for 2 dof

perhaps shed some light on
SU(3) / 1/mp expansion



Hadronic summary

e Hadronic decays are short-distance sensitive, there are
many modes, and many are accessible at LHCDb

® They are sensitive to electroweak penguins which also
enter leptonic and semileptonic decays

® The theoretical description relies on the heavy-quark limit
and form factor inputs (and light-cone DA's), and/or SU(3)
flavour symmetry

e There are certain puzzles in the data, it will be interesting to
see what LHCDb can say. New physics is very likely to affect
these modes, and in some combinations of observables the
effects may eventually become significant
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Backup
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MSSM - large tan 3

In SM, higgs couplings flavour diagonal
(proportional mass matrix) Mg =0 Y
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MSSM - large tan 3

In SM, higgs couplings flavour diagonal

. . d d
(proportional mass matrix) M = vaY; + vy Ay
H (W) i
A Ya, 0
In MSSM, 3 neutral higgses, 2 vevs vy, V4 o s
SR
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MSSM - large tan 3

parametrically

In SM, higgs couplings flavour diagonal large If vu » Vg

. . d d
(proportional mass matrix) M5 = vaYs; K vulj
H @ i
A Ya, 0
In MSSM, 3 neutral higgses, 2 vevs vy, V4 o s
tan B=vu/vd A

q C
' Js Js dj
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MSSM - large tan 3

parametrically
large if vu > vg

Uqu'j

In SM, higgs couplings flavour diagonal
(proportional mass matrix) M =

W A
)Ik 1 ya, 07!
In MSSM, 3 neutral higgses, 2 vevs vy, V4 o/ s
tan B=vu/v4 A
dr ds
Yukawa becomes gs gs

flavour-violating
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MSSM - large tan 3

parametrically

In SM, higgs couplings flavour diagonal large If vu » Vg

. . d
(proportional mass matrix) M;; = (WAVY
H (@) i
A Ya, 0
In MSSM, 3 neutral higgses, 2 vevs vy, V4 o s
tan B=vu/vd A
q1 d5
Yukawa becomes gs gs

flavour-violating

BR(By — pp) o< tan® 8

bR
Vtzvt(s,d) tan@ ————————— tan O [Choudhury&Gaur 99; Hamzaoui, Pospeloy,
rY HY AY Toharia 99; Babu, Kolda 99; Isidori, Retico;

(for minimal Buras et al 02; Foster et al 04-06,...]
flavour violation)

SL dL l+
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