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Outline

@ Why and how flavour is useful
@ Flavour in the Standard Model

o AF =1 Flavour Changing Charged Currents: leptonic and
semileptonic decays

@ AF = 2 Flavour Changing Neutral Currents: neutral-meson mixing

@ AF =1 Flavour Changing Neutral Currents: strong penguins

@ Hints of NP in flavour data
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Processes of inferest

u b d b d b
w w
AVAVE
Ws uct uct u,c,t u,c,t
/\ .
w
1 v q
Semi/leptonic Penguins Mixing
Semi/leptonic Penguins Mixing
Process AF =1FCCC AF =1FCCC AF =2FCNC
NP sensitiv. Small Large ? Large
B B— Dlv,B— Tv B — 7 Amg, Ams
D D — Klv, Ds — pv D— Kr X, Y,
K K — v, 7 — Kv K —7r €K

S. Descotes-Genon (LPT)

Flavour Physics (2)

\\J

27/

Radiative

Radiative
AF =2 FCNC
Large

B — K*pp, Bs — pp

D — Xyt

K — mvv, K — pp
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The SM point of view: the unitarity triangle

Ve Vis Vi 1-% A AN(E - i)
V= Voo Vos Voo | -2 - %2 AN? + O()‘4)
Ve Vs Vi AN(1 —p—iif) —AN 1
BT
(0,0
Exp. uncertainties \ (Controlled) th. uncertainties
B—rmpp «a B(b) — D(c)tv |V vs form factor (OPE)
B — DK 5 B(b) — w(u)tv | V| vs form factor (OPE)
M — tu(y) |Vup| vs fiy (decay cst)

B—J/VKs p €x (p,7) vs Bk (bag parameter)

Bs — J/Vé s ByBy, BsBs mix | VipVig| vs 72B5 (bag param)
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Leptonic and semileptonic decays

@ Leptonic, with f; decay constant

Gemun. (i
8w m2,

2
BIM — fwJow = ) Voo 2FEmu(1 + 612

@ Semileptonic, with 2 form factors f, and f, (helicity suppression)
OF(M — Plv)  GE|Vasqy[? (4% — M)\ /ER —

dg? 2473 q*m?
m? 3m?
(14 5 ) mhAER = B () + St — ) o)
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Processes of inferest

Leptonic Semileptonic Others

\Vug| 7 — lvy,7 —7v, 77 — 1%etve  nuclear 3 decays, neutron lifetime
[Vis| K — bvg, 7 — K, K — v inclusive T decays

| Ved| D+ — fy, D — wly, 1 production by v beams
| Ves| Ds — tvy D — Klv, W — cs

[Vip| B— tv B — wly, B — X lv,

| Veb| (Bs — Tv7) B — D(*)tv B — Xty

Vil - - t— Wb

@ No direct handle on Vi, Vis
@ B; — T, hard to reach in a foreseable future

@ Some processes not competitive in terms of
theoretical/experimental accuracy
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The Tst and 2nd rows/columns
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FKp/m, and t->Kv/t->mv [ ]
0.215 — B decays — [ Liceoni&iRach ]
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r Indirect b I 7
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S R PN WM hre i W swwas B PRI s s s s
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ud cd

@ “Direct” (semi- and leptonic) vs “indirect” (other sectors)
@ (|Vial, | Vus|): mostly from nuclear 3 decays + K — wlv
@ (|Viql, | Ves|): mostly from leptonic
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More on hadronic quantities

@ Leptonic: decay constants easy to compute with lattice QCD

@ Semileptonic: form factors more challenging, due to g°-dep
e experiment: f.(q?)|Vq,q,|, theory: f. normalisation
@ | Vis|, | Vedl, | Ves|: . (0) from lattice QCD, g?-dependence fairly easy
(from experiment, simple ansétze with smooth functions)
@ | V!, | Ven|: @2 dependence trickier (B* pole, large g2 range)

@ lattice simulations prefer small

“fmf— 7 HPQCD ] recoil situation, i.e. high g2
gl | TNAUMILC f./1 @ whereas experiments get data
P TLesR i over the whole range, but
o3 i more precise at low g2
4 7 @ worst case: B — /v range of

] momenta (up to g2,,, = 26
] GeV?) too large for lattice

0‘“‘5””10””15””20” 25“
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| Vup|: parametrisations of form factors

@ Pole, or modified pole parametrization

B 1(0)
1 M@ = g — aqm)

- (0)
g/ " R s VER I
B !
@ Simple with a limited number of elements
@ Good properties for mg — oo

@ z-expansion z(g?, ) = ﬁmlﬁvzt t. = (mg+m;)? >t

f(q?) = 1—q2/m2 Zan t)z(q%, to)"

@ z maps analyticity region of .. into unit disc: series converges
quickly (and choice of f, to improve the convergence)

@ More parameters, in principle improvable order by order

@ Bounds on coefficients a from asymptotic behaviour of f, (g?)
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| Vup|: exclusive determination

x10°
Khodjamirian et al. 62 < 12 & 120 !  Bae ]
340007 +037-032 e % r v BaBar (12 bins)

, X o L e BaBar (6 bins)
Ball-Zwicky ¢ < 16 < 10¢ BCL fit (3+1 par) ]
357+0.06+059-0.39 o~ r 4 FNAL/MILC

o rl I A

HPQCD 2 < 16 g 8 Tt 1

345009 +0.60- 0.39 T o E i A 9

< 6t e B

FNAL/MILC ¢ < 16 F ? : ]

——— C ) |

3.30+0.09+0.37-0.30 [ —

4 S

L HH T A 4, ]

2 * N7

HFAG F &
S N AR RSN AT e S
o e % 5 10 15 20 25
2,

V| [x107 @* (GeV?)

@ Normalisation using lattice QCD (large g?) or light-cone sum rules
(small g?)

@ Fit to expermental data + lattice data + parametrisation of data
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| Vep|: parametrisation of form factors (1)

@ Velocities v, = pg,,/ Mg,
VL = pDu/MD

@ Recoil energy of D in B rest
frame E = mp(v - v/ — 1), with
v - v/ between 1 and 1.6

In the heavy quark limit my, me — oo, for B — D)oy
@ Relations between D and D* by heavy-quark symmetry on ¢ spin
@ In no-recoil limit v = v/, b — ¢ unnoticed by light quark
@ For v # V/, exchange of (soft) gluons to reorganise light cloud
@ ...decreasing the overlap between initial B and final D

Form factors in terms of the Isgur-Wise function &(v - V'), with £(1) = 1

1
Mg + Mp y ( q? )
Bp: B0,y (1T ) ¢
- P /7MBMD€(V V) + MB"'MD)Z 0
-1
Mg- + Mp g )
N R 0 =7 ( M-+ Mp)2) '
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| Vep|: parametrisation of form factors (2)

rB— D*
dEoDw) G | P /B TP ()P

dw
dr(B — Dtv G2
(dw) = 8.3 | Vcb\z(mB + mD)Zm%(wz — 1)3/2]g(w)\2

@ w=v-V, P(w) phase space
@ models for &: ¢(w) =1 — p?(w — 1) + Of(w — 1)?]
@ F and g form factors, related to &, include 1/M-corrections

2
1+o<(11)>
mp me
Mp
1+0
"70ED7]V|: + (MB+MD>:|

@ 10ep and 7y v perturbative corrections
@ F(1) has no 1/mq corrections (Luke’s theorem)
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| Vep|: exclusive determination

AE,
45

b &
( ¢ , ALEPH
S ox'=1 CLEO =} %=1 CLEO
S =7 /)
- ° BELLE

> =2 | BABAR global #ff 4 (
X 40— Ay x y
= jry} &/ N
T o 5 & Penr e

ELPHI 40 /,

part. reco.)

ERAGE l
35- (PR ertnr (Global Fit)
BABAR (D*0) 30—
BABAR (excl.)
BELLE
HFAG [
30 2 HFAG
20
P R H B ; ) ‘ ‘ ‘
0o o5 1 15 2 0 1 3
pz p2

@ Based on z-expansion version of 7 and G
@ Need F(1) and G(1) from lattice or sum rules
@ Determination of | V| at 2% (B — D*) and 5% (B — D)

|Vep| @and | V| also extracted
from inclusive B — X./v and B — X, (v
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Inclusive fransitions

ar(B — Xotv) oc Y [(X|juB) vy ysUe|*ddx
X
with d® x phase space, j, = Cv,,b. It can be reexpressed as
b = 25(4) (P = qx — q)(B(P)1jv(0)|X)(X|j.(0)|B)
Tu = / o xe @ (B(P)| T(j}(x)j(0) B)

Optical theorem (cons. of
probabilities) ‘1\ /q

hzlll’nT / \h = CO(A*-M
T

expanded in 1/my and as mvak mvik X k
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Operator product expansion

Performing a 1/mp-expansion of Im T, integrating over phase space

GF| Vel 1g — i m?2 4/%
[(B— Xobv) = =200 |z (1 - K= —2(1-T¢) Loy
(B= Xolv) = o2n2 °< 2m2 ) ( m@) m

@ z; function of %E ellipsis: higher orders in as and 1/mj,
b
@ 12 linked to movement of heavy quark inside meson
@ 12 linked to b-spin (B, B* splitting)
One can also compute moments of the differential decay rate

@ Quark-hadron duality (sum of exclusive states can be computed at
parton level) assumed valid for sufficiently inclusive quantities

@ B — X,fv more difficult: kinematical cuts to eliminate B — X ¢v
need distribution of partons in B-meson (shape functions)
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Determinations of | V| and | V|

HFAG Ave. (BLNP)
4.40+0.15+0.19-0.21
HFAG Ave. (DGE)
445+0.15+0.15-0.16
HFAG Ave. (GGOU)
439+ 0.15+0.12-0.20
HFAG Ave. (ADFR)
403+0.13+0.18-0.12
HFAG Ave. (BLL)
4624020029

BABAR (LLR)

443+ 045+ 0.29

BABAR endpoint (LLR)
428+029+0.48
BABAR endpoint (LNP)
4.40+0.30% 047

cb

0.043

0.042

—_—

0.041

—_—

X,y constraint
2 m, constraint

004 o m
455 4.6 I P | ‘\‘ N Eng Of 2011

m, Gev) : | [i 109
|Vcb| : 10_3 |Vub’ ! 10_3
@ inclusive 42.4 +0.9 @ inclusive 4.41 £ 0.157013
@ exclusive 39.5+0.8 @ exclusive 3.23 £ 0.31

Only a marginal agreement in both cases (averaging procedure)
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arg(Vy,) =

~ angle from interference between B~ — D°K— and B~ — DK~

colour allowed colour suppressed
Vb Vis ~ AN? Vb Vs ~ A)‘S(p — in)

Sensitivity depending on size of hadronic ratio

rge x1/Ny~0.1—0.2

iog _ Asupp e ~ Vb Vs
Vcb Vﬁs

@ GLW : Dinto CP eigenstates (KK, r, Kgn®, Ksw, Ks¢)
@ ADS : D™ into doubly Cabibbo suppressed states
@ GGSZ: D™ into 3-body state and Dalitz analysis
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GGSZ: D°, D° — Kgmtm™

Dalitz amplitude: function of mi = S+ and m? = SKgr—

DO — K37T+7T_ ~ f(mi, m%)

BT — (Ksr™n7)pK™*
B~ — (Ksntn )pK~

Do — Ksn™n™ ~ f(m?, m2)

f(m2, m2) + rge’®s T f(m?  m?)

f(m?, m2) + rge’ %=V f(m2, m?)

—simultaneous fit of v, rg, g + function f (model dependence)
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ADS and GLW
@ ADS:interfinrare B~ — [KT

b el VS
B[ wil, -z F 7-27 g
G s
a~UK™ E

Colour suppressed +
Cabibbo favoured VgV,

Rox — MKtr K™ )+ T([K 7t]KY)

M[K—7+]K=) + T([K+7—]K*)

po - TK 77 1K) (K=K
DK =

F([K=m+]K™) + T([KFm—]K)

T La .
""f.x‘f“ s Wzéxﬂ K
b A c c N d
B[ Do
U 1

Colour allowed +
Cabibbo suppressed V4 Vs

7~ ]pK~ normalised to common rate

= I3+ r5+ 2rsrpcos(ds + dp) cOSy

= 2rgrpsin(ds + dp) sin~/Rpx

with rpe’® = A(D° — K*7~)/A(D°

@ GLW: decay into CP-eigenstate, with Rcp 1, Acp +

— Kt

m~)and rp ~ 0.06

@ same structure as ADS, but CP eigenstate 6p = 0,7, rp = 1

@ possible also with D* — DOz or D%

Flavour Physics (2)
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~ and hadronic parameters

180 [ 016 [

T ]
[ [oxcudod aroa has GL> 095 ] I [exchudod area has CL> 095

160 4 7
140 GGSZ" . 4 E
120 - ! b . 1
£ J/ Combined 1
—_ c A fo "
E 100 ; 4 E L ]
a F 2 oosf ) Gombined =
o sl 4 o [ \ ; ]
© F - [ S ]
F 06~  GGSZ - -
60 [ B [ ]
E 0.04 - —
40 -
20 - [0 B 002 [~ Reas E
[ Feoew  naive statistical treatment (for ilustrative purpose only) 1 L TFecPia | naive statistical treatment (for illustrative purpose only) |
P O O A WO B I O RS Py S P A B T
0 20 40 60 8 100 120 140 160 180 0 20 40 60 8 100 120 140 160 180
Y Y

@ GLW : D into CP eigenstates (KK, mr, Ksn®, Ksw, Kg¢)
Is, 5Ba Y
@ ADS : D™ into doubly Cabibbo suppressed states
rs, (55,’}/ + Ip,dp for A(D — f)
@ GGSZ: D™ into 3-body state and Dalitz analysis
s, 53,7 + A(D — Ksh+h_) = f(SKh+, SKh*)
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0.8

0.6

p-value

0.4

0.2

0.0

. -+ GLW+ADS
Fropts . --- GGSZ
[ Combined
T T T T T T T T T
[ L L ]
20 160

180

Including all modes for B — D(*)K(*): v = (68.078:2)°

—Same exercise possible for B — D(*)r (but rg 10 times smaller)
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AF =2 FCNC

(P, 1)

(0.0} ~ (0,1
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SM neutral-meson mixing

b Neutral ByB, mixing in Standard Model,
VALY using effective Hamiltonian approach
e wet Ang—> = (Bg|Her|Bg)
\/\/\/WW\/AV = Z ( ;b qu)( V;/b Vq/d)Aqq/
d q,9'=u,c,t
AAB:2 = Z ;b qu[ V;}; th [Atq - Auq] + gb Vcd [Acq - Auq]]
q=u,c,t
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SM neutral-meson mixing

b Neutral ByB, mixing in Standard Model,
ALY using effective Hamiltonian approach
e wet Ang—> = (Bg|Her|Bg)
\,\/\/\‘/i]/\/\m _ Z ( ;;b qu)( V;/b Vq/d) Aqq’
b d q,9'=u,c,t
AAB:2 = Z ;b qu[ Vr?; th [Atq - Auq] + gb Vcd [Acq - Auq]]
q=u,c,t 4 mam
g st q''lq BI(F 2

Cst killed by GIM, and hierarchy of masses and CKM matrix elements:

2 9'mt = o 2
Apg=2 < (Vi Viq) m@tﬂ(bwudﬂ |Bg) + ..
@ Amgq related to (By|(b7,.d.)?|Bg) (bag parameter Bg,)
@ single weak phase: q/p = expliarg[(V;; Vig)?]
Flavour Physics (2) 27/01/14 24



Amy, Amg

048220044 20024 ps™

aemogag
e
A | e
ostemi g :
e ‘
oruon {3y
R ot

G2z
BABAR Bu“uw%( é\m
il

BABAR O fyppcly|
BABAR D' }Mﬁﬁi

LHCD B
LHCb B¢ Mus

e s

Averageof 30 above

HERARENS

5 5%

Heavy Flavour
Averaging Group

Amy = 0.510 4 0.004ps ™"

L Lol
035 04 045 05 055 06 065

Amg (ps?)

s’
0457200240025 s
04717978 0034 ps
0.503+0.064 20071 ps”

056720089

051120/
049220018 » omsps
049920032 20003 ps™
051620005 20008 ps™

051020004 ps’
0498.20082ps”

051020004 ps”

Flavour Physics (2)

Flavour-specific decay Bs — Dg m*

candidates / (0.1 ps)

M(Bs(t) — f) ~

e "s'[cosh £ + cos(Amst)]

e "s'[cosh &t —

400

200

F(Bs(t) — f) ~
cos(Amst)]

4 o Tagged mixed

o Tagged unmixed
— Fit mixed
- Fit unmixed

decay time [ps]

Amgs =17.69 + 0.08ps ™"

27/01/14
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By mixing: By — J/¢Ks

Interference between ByB4 mixing and b — ¢ss decay

r(?o(f) — fep) — T(B(t) — fop)
F(BO(t) — fep) + T(BO(t) — fep)

S < weak phases due to mixing + decay (if dominated by 1 phase)

= Ssin(Amt) — Ccos(Amt)
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By mixing: By — J/¢Ks

Interference between ByB4 mixing and b — ¢ss decay

r(?o(f) — fep) — T(B(t) — fop)
F(BO(t) — fep) + T(BO(t) — fep)

S < weak phases due to mixing + decay (if dominated by 1 phase)

= Ssin(Amt) — Ccos(Amt)

b s b s
tree c,t penguins u penguins
Vcb Vgs VCb Vgs and th VE; Vub VJS
O()\?) real O(asA?) real O(as\*)
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By mixing: By — J/¢Ks

Interference between ByB4 mixing and b — ¢ss decay

r(?o(f) — fep) — T(B(t) — fop)
F(BO(t) — fep) + T(BO(t) — fep)

S < weak phases due to mixing + decay (if dominated by 1 phase)

= Ssin(Amt) — Ccos(Amt)

b s b s
tree c,t penguins u penguins
Vcb Vgs VCb Vgs and th VE; Vub VJS
O()\?) real O(asA?) real O(as\*)

S = sin(¢pg,) = sin(2/3) in SM: golden channel for B factories
=sin(24) = 0.679 £ 0.020
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Bs mixing: Bs — J/v¢

Interference between BsBs mixing and b — ¢ss decay

b s
> W <
AVAVAVAY
¢ ¢

tree c,t penguins u penguins
Vcb Vf:ks Vcb VcTs and th V;; Vub V&ks
O()\?) real O(as)?) real O(as)*)

S. Descotes-Genon (LPT) Flavour Physics (2)
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Bs mixing: Bs — J/v¢

Interference between BsBs mixing and b — ¢ss decay

b s b s
" e
tree c,t penguins u penguins
Vb Ves Vo Vs and Vip Vi Vi Vs
O()\?) real O(as)?) real O(as)*)

S = sin(¢g.) : golden channel for Tevatron and LHC

@ ¢, = 28s = O(\?), and thus very small in SM
@ Very strong constraint on NP
@ J/v¢ not CP-eigenstate
@ 3 possible helicity states (same for J/¢» and ¢)
e three amplitudes A, A, , Aj; with definite CP-parity
@ ang. analysis to separate Ay | ||, determine relative strong phases

S. Descotes-Genon (LPT) Flavour Physics (2) 27/01/14 27



Bs mixing

@ Al ¢ difference of widths
@ ¢gs Mixing phase describing Bsy, B in terms of Bs, Bs
@ ¢ps = (2~3f§li)o
o InSM, ¢gs = 2arg(Ves Vi / Vis V) = —2.1° £0.1°
@ stringent constraint on NP models, but not competitive in SM
(cf Bs unitarity triangle)

LHCb <1.0 fb +CDF 96 fb +DO 8 b +ATLAS 4.9 fb R e ama 055 -
Lo 0.25F M AL £ S B B B A [ ,
v F Dra‘\ HRAG ] 7 ]
A 020 k = 005 [ Am &am, ]
- r 68% CL contours £ am, g
— F o (Alog £ =1.15) k a !«»‘\ W 1
0.15 R — r 4
<] E ',:LHCb E ‘:mnon r % = 1
F LT ] E . e
010 ... Combined =
F 3 ] 0.05 - Y ——
0.05F CDF “gm ) ] — sin 2P
F . ATLAS B [ « v
: e et - ] — b
ot L L Il Il L N [P T L Ly
15 -10 05 00 05 10 15 010 -0.05 000 005 010
@< [rad] Pas
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K mixing

If K mass eigenstates were CP-eigenstates
® |Ks) — (|Ko) + |Ko))/v2 — 2x
® |Ki) — (|Ko) — |Ko))/v2 — 3=

(n7°|H|KL) (mT T [HIKL)
Tloo = 00 Ny— = r_—
(mOm0H|Ks) (= |H|Ks)
measure CP-violation and can be analysed in isospin final states

((rm)|H|Ko) = @€ ((nm)|HIKo) = aje”  a = |ale”

with 4, 6 strong, weak phases

One can decompose 7%7° and 7+ 7~ over 7 isospin states

ek = (100 +2n1-)/3 €l = (=00 +14-)/3

to "separate” the contributions from ay and a» to the decay amplitudes
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€K

1T— 2o _ ((7m)i—olKL) No = qA(m), 0
14+ X ((77)1=0|Ks) P A

1 1 .

EK —

12

ek can be reexpressed as €k = Sin el [% + 5}

® AMy and ¢, = arctan(—2AM/ATl’) ~ 7 /4 from experiment
@ ¢ =ImAjy/ReA, estimated from €’/e
@ ImM;» from effective Hamiltonian

@ keep only lowest-dimension contribution ImMgg)
e tt, ct, cc boxes @ By oc (K°|(3d)y_a(3d)v_a|KP) bag parameter

ek = CeBrX272| Ve[| Ven|2(1 — 5)neeSo(Xe) + 1et So(Xe, Xe) — e So(Xe)]

@ hyperbola shape in (p, 1)
@ short-distance (Inami-Lim) functions So(xq = m3/m%,)
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AF =1FCNC

B-JK 3

(0,0) . {0,1)
Py
Be—=
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Strong penguins: b — 555

Interference between BBy mixing and b — §s5 decay

r(B(r) — fep) — T(BY(t) — fp)
F(BO(t) — fop) + T(BO(t) — fcp)

= Ssin(Amt) — Ccos(Amt)

S « weak phases due to mixing + decay (if dominated by 1 phase)
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Strong penguins: b — 555

Interference between BBy mixing and b — §s5 decay

r(B(r) — fep) — T(BY(t) — fp)
F(BO(t) — fop) + T(BO(t) — fcp)

= Ssin(Amt) — Ccos(Amt)

S « weak phases due to mixing + decay (if dominated by 1 phase)

b s
X g g
no tree c,t penguins u penguins
Vcb VCTS and th V;; Vub V&ks
O(as)?) real O(as)*)
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Strong penguins: b — 555

Interference between BBy mixing and b — §s5 decay

r(B(r) — fep) — T(BY(t) — fp)
F(BO(t) — fop) + T(BO(t) — fcp)

= Ssin(Amt) — Ccos(Amt)

S « weak phases due to mixing + decay (if dominated by 1 phase)

b s
X g g
no tree c,t penguins u penguins
Vcb VCTS and th V;; Vub V&ks
O(as)?) real O(as)*)

Pollution from u penguins (10% ?): | sin20 — sin253] < O(0.1) in SM
Flavour Physics (2) 27/0114 32



sin(23) and sin(208ef)

@ Used to be followed
closely because of
discrepancies with
sin(23)

@ Best measurements
(high stat, control of
systematics) do not
indicate significant
deviation

@ Possiblity to combine By
and Bs penguin-
mediated modes to
improve theoretical
control

S. Descotes-Genon (LPT)

-0.6

-0.8

sin(2p™) = sin(29%") vs Cep=-"Acp Moriond 2012

CcP PRELIMINARY
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08, 1
sin(2p°™ = sin(2¢5™

Contours give -2A(In L) = Ay? = 1, corresponding to 60.7% CL for 2 dof
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a: penguin pollutionin B — nn~

a,
-9
a
&

Tree Penguin

AB® — 7tm7) = Vg Vipt + Y VoaVipPq

q=u,c,t

S. Descotes-Genon (LPT) Flavour Physics (2)
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a: penguin pollutionin B — nn~

a,
-9
a
=

Tree Penguin

AB® — w77 = Vug Vi(t+ pu) + (— Vua Vo — ViaVi)Pe + Via VisPr
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a: penguin pollutionin B — nn~

w+
u P Ve TNV g
u'+/;'éd F-uct ;E B
b Vi, T i
d d d d
Tree Penguin

AB® — ntn) = Vg Viptt™ + Vig Vot~
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a: penguin pollutionin B — nn~

b v

Tree Penguin
A(B0 —atrT) = VgVttt + Vg Vot

Time-dependent asymmetry
A(t) = S,+,-sin(Amt) — Cr4r— cos(Amt)

= /1—C2 __sin2a.4sin(Amt) — Crir_ cos(Amt)

Combining CKM for t+~ and B-B mixing: S, = sin(2a) + O(’;I—:)
=Penguin pollution: handle on p™~ and ¢~ to extract sin(2a) ?
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a. Isospin analysis for B —

In terms of isospin quantities Q(I)
@ Two operators for b — Tud: 01%2 and Og}f) (adding 3 I = 1/2)

@ Two inital states: |B*) = ]B11/é2)> and |B%) = |B" 11//22>
@ Three final states: [/ = 1 forbidden by Bose symmetry]

_ 1 2

(ntn0 = (7T7T(12)] (ntr| = \/;<7T7r(§)\ + \/Q(mr 0)|
2 1

(n0r°| = \@ (x|~ (o]

From B(1/2), O(/2) can only yield | = 2 final states,
and 0(1/2) only / = 0, so two reduced amplitudes
(rr(@10(1/2))1B(1/2)y

Az = <7T7r OEA)B1/2) Ay =~

S. Descotes-Genon (LPT) Flavour Physics (2) 27/01/14 &5



Trapping the penguin in B — 7t7~
Bt B® : AT'=3A, AT =V2(A—A) AV =2A+A
B, B . A0 — 3;\2 AT~ = \/5(1_42 — /2\0) ARO — 2/2\2 + /z\o
A*C0is | = 2 7w, only from tree and (negligible) / = 3/2 penguins

Im

Two triangular relations

AT 4 V2A0 = V2410
AtT 4 V2A® = 2ATO

from Br and CP-asymmetries
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Trapping the penguin in B — 7t7~

Bt B® : AT'=3A, AT =V2(A—A) AV =2A+A
B, B . A0 — 3;\2 AT~ = \/5(1_42 — /2\0) ARO — 2/2\2 + /z\o
A*C0is | = 2 7w, only from tree and (negligible) / = 3/2 penguins

Im

Two triangular relations

AT 4 V2A0 = V2410
AtT 4 V2A® = 2ATO

from Br and CP-asymmetries

Re

Introducing A7 = exp(—2i3)A,
20 between A0 and A*0, 20 between At~ and At-
@ Measure mixed CP-asymmetry in 777~ as sin(2ae)
@ Up to discrete ambiguity, determine sin(2«)
@ Can be extended to pm and pp
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. --- B—pp (WA) 3 Combined
Frcpis . --- B—mm (WA) —— CKM fit
--------- B—pn (WA)
Ll o R I B B S I I ) (L
f‘\ }I, | :’ N “ " ‘j

0.8 }: I / ! {
2 06 1“, ;' i
g b : '
o '

PEP PR P

40 60

a = (85.4759)°
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The current status of CKM

1-5 L ‘ T 1T ‘ L \& T T { L L
[” | excluded area has CL > 0.95 |\ % 7
i oy 1 WVudls [Vusl, [Veol, [Vublst
10~ W ]
L % Amgy& Am, i
8 ¢ ° ] B— v
0.5 - .
L Amg Amg, Amg, ek
IS 00 i _
C ] a, sin23, v
05 ;
- ] A=0.823"001
-1.0 — ! g, — .
L fitter Y sol.w/ooszﬁi(o ] A= 02246t888(1)$
|- FPCP 13 i (excl. at CL > 0.95) — ﬁ — o 129+0018
_1.5 I | ‘ I ‘ I | ‘ | ‘ I [ | _ 18:8(1)2
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0 n= 0.348_0.012
p (68% CL)
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A very consistent picture

M 4
-l e
CP-conserving
":‘ g v(o:) @}‘LE i3
o ® ]
. . 3
04 02 0.0 02 T‘ 04 06 08 1.0 06 08 1.0
Tree observables Loop observables

...and thus a very strong constraint on NP extensions
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