Flavor physics:
Precision as an avenue to discovery
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Why flavor physics

CP violation in K° — K° oscillations

The very rare decay B_ — pp




( Theory: back to the basics )

SM flavor violation: Within the SM, all of (quark) flavor violation is ruled by

two renormal. “Yukawa” _ c _
interactions with one Ly = QY Hu, + Q,Y,Hd,
scalar doublet
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interactions with one LqY = QL Yu H U, + QL YdH dR ® The Y's eigenvalues
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® The relative “rotation” between the Y's

'S il
SM quark flavor ® The only entry in the Y's that is O(1) (in units of the SM Higgs vev
patterns: and assuming one single vev) is (Y ).,

® The other eigenvalues are <« 1

® The relative rotation (aka CKM) is close to the identity
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( Theory: back to the basics )

SM flavor violation: Within the SM, all of (quark) flavor violation is ruled by

Physical parameters:
two renormal. “Yukawa” o . o .
interactions with one LqY = QL Yu H U, + QL YdH dR ® The Y's eigenvalues
scalar doublet ; i
® The relative “rotation” between the Y's

SM quark flavor ® The only entry in the Y's that is O(1) (in units of the SM Higgs vev

patterns: and assuming one single vev) is (Y ).,

® The other eigenvalues are <« 1

® The relative rotation (aka CKM) is close to the identity

The SM pattern of breaking of the “flavor” symmetry is highly peculiar

No apparent reason why it should hold for physics beyond the SM, whatever its scale
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Why flavor physics

Look for however small, but clear-cut deviations from the SM pattern of pre

This qualifies especially: e Very rare, very clean decays
e CPV
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As arguments in support of new physics right at the Fermi scale lose momentum,
we should refine our strategies towards probing higher and higher scales.

Look for however small, but clear-cut deviations from the SM pattern of predictions.

: This qualifies especially: e Very rare, very clean decays
e CPV

In recent HEP history, several direct discoveries have been anticipated by indirect effects in loops
(this “double” discovery is one of the most “spectacular” aspects of HEP progress)

4
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Why flavor physics
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As arguments in support of new physics right at the Fermi scale lose momentum,

we should refine our strategies towards probing higher and higher scales.

:> Look for however small, but clear-cut deviations from the SM pattern of predictions.

This qualifies especially: e Very rare, very clean decays
o CPV

In recent HEP history, several direct discoveries have been anticipated by indirect effects in loops

(this “double” discovery is one of the most “spectacular” aspects of HEP progress)

Recall: indirect observables are able to probe scales much higher than direct searches.

In fact, loop shifts due to new physics are typically larger than uncertainties even for
new physics way above the Fermi scale
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As arguments in support of new physics right at the Fermi scale lose momentum,

we should refine our strategies towards probing higher and higher scales.

:> Look for however small, but clear-cut deviations from the SM pattern of predictions.

This qualifies especially: e Very rare, very clean decays
o CPV

In recent HEP history, several direct discoveries have been anticipated by indirect effects in loops

(this “double” discovery is one of the most “spectacular” aspects of HEP progress)

Recall: indirect observables are able to probe scales much higher than direct searches.

In fact, loop shifts due to new physics are typically larger than uncertainties even for
new physics way above the Fermi scale

So, the more the high-p_ picture at LHC is SM-like,
the higher the relative weight of indirect observables in defining future strategies
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No free lunch
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No free lunch

e early 60s, CP was a sacred symmetry.
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Even though in the last century new particles and new interactions came out of the blue

we are now back in the normal era where discoveries come at a high price
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= In the early 60s, CP was a sacred symmetry.

- In 1962 a dedicated search of CP violation in Kaon decays was carried out in Dubna,
collecting about 600 Kaon decays to charged particles.
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collecting about 600 Kaon decays to charged particles.

- Not a single K, — mr candidate was found. It would have meant CP violation.
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In 1962 a dedicated search of CP violation in Kaon decays was carried out in Dubna,
collecting about 600 Kaon decays to charged particles.

Not a single K, — nr candidate was found. It would have meant CP violation.

The lab administration decided to put an end to the search.
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collecting about 600 Kaon decays to charged particles.

- Not a single K, — mr candidate was found. It would have meant CP violation.

- The lab administration decided to put an end to the search.

= In 1964, CP violation in Kaon decays was discovered (at the level of 1/350 events)
by the famous Brookhaven experiment of Cronin, Fitch and collaborators.
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Even though in the last century new particles and new interactions came out of the blue

we are now back in the normal era where discoveries come at a high price

..........

......

- In the early 60s, CP was a sacred symmetry.

- In 1962 a dedicated search of CP violation in Kaon decays was carried out in Dubna,
collecting about 600 Kaon decays to charged particles.

- Not a single K, — mr candidate was found. It would have meant CP violation.

- The lab administration decided to put an end to the search.

- In 1964, CP violation in Kaon decays was discovered (at the level of 1/350 events)
by the famous Brookhaven experiment of Cronin, Fitch and collaborators.

- In 1967, Sakharov recognized CP violation as one of the building blocks
\ of the matter-antimatter asymmetry of the universe. /
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On fundamental questions, we should never give up.

oy
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A SM test of CP violation ’

CP violation is today measured in several observables. Especially well-known are:

€ Ko — K°
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__ ASMiestofCPulsion

CP violation is today measured in several observables. Especially well-known are:

e There's a distinction between the K- and the B-physics observables, but it's irrelevant here
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CP violation is today measured in several observables. Especially well-known are:

sin 23 measuring (indirect) CPV in the B -B

e There's a distinction between the K- and the B-physics observables, but it's irrelevant here

® |n each case: “indirect” CPV = CPV not arising directly at decay
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e There's a distinction between the K- and the B-physics observables, but it's irrelevant here

® |n each case: “indirect” CPV = CPV not arising directly at decay

In the SM, one single source of CPV, the CKM phase.
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A SM test of CP violation

Example of such correlations: ¢, vs. sin2f3
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A SM test of CP violation ]

Example of such correlations: ¢, vs. sin2f3

calculable non-perturbative
coefficient matrix element
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A SM test of CP violation

Example of such correlations: ¢, vs. sin2f3

calculable non-perturbative
coefficient matrix element

- : Intuitive picture of this correlation

CKM matrix =

|Vub|e_iy
*
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A SM test of CP violation

Example of such correlations: ¢, vs. sin2f3

calculable non-perturbative
coefficient matrix element

- : Intuitive picture of this correlation

CKM matrix =

|Vub|e_iy
*
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( Long-distance effects to ¢, ) ;
i PRD08 & 09 :

We saw that €, = C - EK - sin2f by just using short-distance contributions to €,
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( Long-distance effects to ¢, ) ;
i PRD08 & 09 :

We saw that €, = C - EK - sin2f by just using short-distance contributions to €,

&> Long-distance contributions turn out to correct the above formula as follows

e, = C -[(1-0(8%))|- By - sin2p
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( Long-distance effects to ¢, ) ;
i PRD08 & 09 :

We saw that €, = C - EK - sin2f by just using short-distance contributions to €,

&> Long-distance contributions turn out to correct the above formula as follows

e, = C -[(1-0(8%))|- By - sin2p

) ”
D
Consequences
- take sin2f = §,, = 0.68 (experimental average)
:> lexley = 1.78 - 107° vs. lexl, = 2-232(7) NIGH
WLl g
\
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- take sin2f = §,, = 0.68 (experimental average)
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( Long-distance effects to ¢, ) ;
i PRD08 & 09 :

We saw that €, = C - EK - sin2f by just using short-distance contributions to €,

&> Long-distance contributions turn out to correct the above formula as follows

e, = C -[(1-0(8%))|- By - sin2p

o)

Consequences

- take sin2f = §,, = 0.68 (experimental average)

:> lexloy = 1.78 - 107° vs. lexl, = 2-232(7) NIGH

- enforce instead |€K|SM = |€K|exp

> sin2f3 ~ 0.8

4 { In either case: O(20%) discrepancy! ]—/
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e

k) ~ (4] crlx’ = [K"

CPIK’) = |K°)

(here an arbitrary phase has
been chosen to be unity)
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I (‘;) CPIK") = [K'] k=)

crlR) — [k ) e

(here an arbitrary phase has with CP eigenvalues £1
been chosen to be unity)

K]
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k) ~ (4] crlx’ = [K"
crlg’) = |k

(here an arbitrary phase has
been chosen to be unity)

If [CP,H,] =0, then |K,) would be good physical eigenstates.
But we know that CP is slightly, but surely, violated.

with CP eigenvalues £1
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e

k) ~ (4] cPlx’) = [K"

CPIK’) = |K°)

(here an arbitrary phase has
been chosen to be unity)

But we know that CP is slightly, but surely, violated.

I_I——,|> % K, o |K.) + €K<
-

ISES

If [CP,H,] =0, then |K,) would be good physical eigenstates.

oy k=g

with CP eigenvalues £1
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e

k) ~ (4] cPlx’) = [K"

CP|K’

e :> K.) =

K=K
2

(here an arbitrary phase has with CP eigenvalues £1

been chosen to be unity)

If [CP,H,] =0, then |K,) would be good physical eigenstates.

But we know that CP is slightly, but surely, violated. quantifies

({ [ indirect CPV
I_l—,l> elgenstafes” |KSL * >
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‘ What is €, '

Ve

CPIK’) = |K°)

CPIK’) = |K°)

(here an arbitrary phase has
been chosen to be unity)

If [CP,H,] =0, then |K,) would be good physical eigenstates.

But we know that CP is slightly, but surely, violated.

I_l—,l> elgenstafes| |KS L) *

.

-

K, — 27 (and occasionally to 3x)

K, — 3r (and occasionally to 2r)

with CP eigenvalues £1

quantifies
indirect CPV

J

@{[

\

/
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‘ What is €, '

k) ~ (4] cPlx’) = [K"

cPIR?) = |k I I

(here an arbitrary phase has with CP eigenvalues £1
been chosen to be unity)

\* Ve
If [CP,H,] =0, then |K,) would be good physical eigenstates. w
But we know that CP is slightly, but surely, violated. [ quantifies j
indirect CPV
&> choies Kail = k) (K
-

(;j ™

K, — 27 (and occasionally to 3x)

From Cronin & Fitch's
experiment, we learned that
K, — 3r (and occasionally to 2r)

- J

D. Guadagnoli, HDR seminar



| What is €, |

Experimental observables

Recall: |Ks,) o |[K. + €|K.]

&> K¢ — 2n (CPC)or 3t (CPV)
K, — 3m (CPC)or 2n (CPV)
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‘ﬂ What is €, '

Experimental observables

Recall: |Ks,) o |[K. + €|K.]

I_I—_ll> K¢ — 2n (CPC)or 3t (CPV)
K, — 3m (CPC)or 2n (CPV)

Ratios of the kind

<T[T[|HW|KL>
<7U[|HW|KS>

# 0 quantify CPV
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Experimental observables

Recall: |Ks,) o |[K. + €|K.]

I_I—_ll> K¢ — 2n (CPC)or 3t (CPV)
K, — 3mn (CPC)or 2nt (CPV)

Note:
in these ratios direct and indirect CPV are intertwined

Ratios of the kind

<T”[|HW|KL>
<””|HW|KS>

# 0 quantify CPV
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Experimental observables

Recall: |Ks,) o |[K. + €|K.]

I_I—_ll> K¢ — 2n (CPC)or 3t (CPV)
K, — 3mn (CPC)or 2nt (CPV)

Ratios of the kind

<T”[|HW|KL>

# 0 quantify CPV
<””|HW|KS>

Note:
in these ratios direct and indirect CPV are intertwined

To separate the two components, one chooses nr states of definite isospin: (),

In fact, in K — (nnt), decays there is no direct CPV.
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D. Guadagnoli, HDR seminar



e

Experimental observables

Recall: |Ks,) o |[K. + €|K.]

I_I—_ll> K¢ — 2n (CPC)or 3t (CPV)
K, — 3mn (CPC)or 2nt (CPV)

Ratios of the kind

<T”[|HW|KL>

# 0 quantify CPV
<””|HW|KS>

Note:
in these ratios direct and indirect CPV are intertwined

To separate the two components, one chooses nr states of definite isospin: (),

In fact, in K — (nnt), decays there is no direct CPV.

D. Guadagnoli, HDR seminar



‘ What is €, '

Experimental observables

Recall: |Ks,) o |[K. + €|K.]

I_I—_ll> K¢ — 2n (CPC)or 3t (CPV)
K, — 3mn (CPC)or 2nt (CPV)

Ratios of the kind

<T”[|HW|KL>

# 0 quantify CPV
<””|HW|KS>

Note:
in these ratios direct and indirect CPV are intertwined

To separate the two components, one chooses nr states of definite isospin: (),

In fact, in K — (nnt), decays there is no direct CPV.

D. Guadagnoli, HDR seminar



The x_ correction ‘ i Buras, DG

{ PRD08 & 09 !

/ ......................... '\

The e, magnitude obeys the following theoretical formula
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The K, correction ’

S LTI LELLET
. .

i Buras, DG =

{ PRD08 & 09 !

~

The e, magnitude obeys the following theoretical formula

|€K| = Sin q)e

K° - K°
mixing matrix elem:

short-distance part
very well known

Il K°|H ,|K’) +

/ Amy
long-distance

correction

......................... '\

D. Guadagnoli, HDR seminar



.-------------.----.--.--.

( .
The x_ correction : Buras,DG =
\E] { PRD 08 & 09 !
A

/
The e, magnitude obeys the following theoretical formula ( where
g —15
Amyg = mg —mg = 35X 10 "GeV
Il K°|H ,|K’)
= q1 -1
lex| = sing. Ao, + ATy = T —T, = =74 x10 "GeV

K° - K°
.. . long-distance
mixing matrix elem:

correction

short-distance part
very well known
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The k_ correction ) i Buras, DG
i PRD08 & 09 i
..................... '\
The e, magnitude obeys the following theoretical formula ( h )
where
- _ - ~15
< 0| |_0 Amyg = mg —mg = 35X 10 "GeV
o ml&H,[R) .
lex| = sing. Ao, + ATy = T —T, = =74 x10 "GeV

K° — K .
.. . long-distance
mixing matrix elem: correction

short-distance part
very well known

In applications, one used to take ¢ _=45° and & =0, given the large errors on the hadronic matrix elem.

/
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C The x_ correction ) : Buras,DG =~
: PRD08& 09
/ ...................... '\
The e, magnitude obeys the following theoretical formula ( h h
where
( —15
- — Amyg = mg —mg = 35X 10 "GeV
el = sing, |- KA, |k + AT, = Ty -T, = —74x10 "GeV
€ AmK k — 1k, K, — .
Ko_Ro
‘. . . long-distance
mixing matrix elem: correction

short-distance part

very well known

In applications, one used to take ¢ _=45° and & =0, given the large errors on the hadronic matrix elem.

|:> The two corrections add up in magnitude,

Itturns outthat ¢ <45° and £<0 net _
¢ yielding a total shift of —8%

/
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The x_ correction | ! Buras, DG _
J : PRD 08 & 09
The ¢, magnitude obeys the following theoretical formula
where
Amy = mg —m, = 3.5% 10 °GeV
B I < 0 W|K ~15
lex| = sing, —~ + AT, =T, -T, =~ —74x10 "GeV
m L s

mixing matrlx elem: [ Io(r;g;rdelz’;?onnce ] tang, = — Amg
© T ATL/2

short-distance part
very well known

e

In applications, one used to take ¢_=45° and & =0, given the large errors on the hadronic matrix elem

|:> The two corrections add up in magnitude,

It turns out that ¢ <45° and £<0 net _
¢ yielding a total shift of —8%

o) = | Im<K°|HW|1‘<°ﬂ sin ¢,
K7 W2 Amy Jl/ﬁ

g
b \/§|€K|)

\

/

K |EK |approx
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The x_ correction | ! Buras, DG _
J : PRD 08 & 09
The ¢, magnitude obeys the following theoretical formula
where
Amy = mg —m, = 3.5% 10 °GeV
B I < 0 W|K ~15
lex| = sing, —~ + AT, =T, -T, =~ —74x10 "GeV
m L s

mixing matrlx elem: [ Io(r;g;rdelz’;?onnce ] tang, = — Amg
© T ATL/2

short-distance part
very well known

e

In applications, one used to take ¢_=45° and & =0, given the large errors on the hadronic matrix elem

|:> The two corrections add up in magnitude,

It turns out that ¢ <45° and £<0 net _
¢ yielding a total shift of —8%

o) = | Im<K°|HW|1‘<°ﬂ sin ¢,
K7 W2 Amy Jl/ﬁ

S
\/§|€K|)

¢, corr
=1-2.6%

\

/

K |EK |approx
D. Guadagnoli, HDR seminar



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

¢

The x_ correction | ! Buras, DG _
J : PRD 08 & 09
The ¢, magnitude obeys the following theoretical formula
where
Amy = mg —m, = 3.5% 10 °GeV
B I < 0 W|K ~15
lex| = sing, —~ + AT, =T, -T, =~ —74x10 "GeV
m L s

mixing matrlx elem: [ Io(r;g;rdelz’;?onnce j tang, = — Am ~ 1
¢ AT /2

short-distance part
very well known

&

In applications, one used to take ¢_=45° and & =0, given the large errors on the hadronic matrix elem

|:> The two corrections add up in magnitude,

It turns out that ¢ <45° and £<0 net _
¢ yielding a total shift of —8%

o) = | Im<K°|HW|1‘<°ﬂ sin ¢,
W2 Amy Jl/ﬁ

¢, corr
=1-2.6%

=1-5.4%

\

/

K |EK |approx
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C The x_ correction ) ! Buras, DG _
{ PRD 08 & 09 :
The ¢, magnitude obeys the following theoretical formula h
where

~ 3.5% 10" GeV

I ° K’
X Am:| + ATy = Ty —Tx = —74 %10 "GeV

mixing matrlx elem: [ Io(r;g;rdelz’;?onnce j tang, = — Am ~ 1
¢ AT /2

short-distance part
very well known

ekl = sing.

e ™

In applications, one used to take ¢_=45° and & =0, given the large errors on the hadronic matrix elem

|:> The two corrections add up in magnitude,

It turns out that ¢ <45° and £<0 net _
¢ yielding a total shift of —8%

K€=1—8°/o

/
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| The k_ correction

e "
The main obscure point is clearly the estimate of the & correction
[
1 ImT,
2Rel’,
ImI',,
AT
\_
- /
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C The x_ correction |
J

The main obscure point is clearly the estimate of the  correction

I, : absorptive part of the K° — K° amplitude
1 ImI',,

2Rel’},

where I, « Zn <K0|HW|n><n|HW|I_<O>
ImTI,,

AT,
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( The x_ correction |
J

The main obscure point is clearly the estimate of the  correction

Very challenging object

V2 t lculate i ti
I',, : absorptive part of the K° — K° amplitude S e

_ 1Im[,
= B Rel,, . _, ¢ 10 operators entering
where Iy, « Zn <K |HW|n><n|HW|K >
_ _ImDy e n = multi-hadron
ATy states in general,
double insertion of the AS = 1 Hamiltonian £
between K and n states
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The x_ correction ’

The main obscure point is clearly the estimate of the  correction

~

é _
I',, : absorptive part of the K® — K° amplitude
- 1 ImI',,
~ 2Rel,
0 -0
T, o 2 (K| ,|n)n|H,|K)
~ Im[,,
T ATy
\_ double insertion of the AS = 1 Hamiltonian
between K and n states

Very challenging object
to calculate in practice

@ Alternative strategy: get & from |e'|

exp

i Buras,DG
i PRD 08 & 09 !

/
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‘ The K, correction '

~
The main obscure point is clearly the estimate of the  correction [
P Very challenging object
— t lculate i ti
I' , : absorptive part of the K° — K° amplitude et e
- 1 ImI',,
2Rel,, . ., ® 10 operators enterin%
T, o 2 (K°|H |n|(n|H K’ R——
~ Im[,,
a AT
\_ double insertion of the AS = 1 Hamiltonian
between K and n states

— ™.,
Buras, DG
i PRD 08 & 09 !

03
.......................

factors that are calculable or
measurable with a 20% overall
accuracy

le'fe,| = € X

- —
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( The x_ correction |
J

The main obscure point is clearly the estimate of the  correction

Very challenging object

V2 t lculate i ti
I',, : absorptive part of the K° — K° amplitude S e

- 1 ImI',,
2 Rel,, . _, ¢ 10 operators entering
where I, « Zn <K |HW|n><n|HW|K >
_ _ImDy e n = multi-hadron
ATy states in general,
double insertion of the AS = 1 Hamiltonian €0
between K and n states
Sr—— ™......
o _ ! Buras, DG
Alternative strategy: get & from |e’|ex|o i PRD08 & 09 :
* |€'| quantifies direct CPV in K — nt decays
4 )

Using [e'e|,,, = 1.66(26) - 10
(with namely 15% accuracy)

e |t turns out that

4 N

) we get § with 20% @ 15% = 25% error
le'fe | = & x factors that are calculable or = |e'fe.|
el = measurable with a 20% overall = 1€ /€&y

accuracy

J

K - J
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A closer look at the OPE for ¢ | Buras, DG, Isidori .
B i PLB 10 :

We saw that

ImM,, ImI,,

Amy
, J

|€K| = Sil’l q)e
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.........

Buras DG, l5|dor| —

3
J PLB 10

C A closer look at the OPE for €,

We saw that We identified long-distance corr's with §

® What about long-distance corr's toim M_,

ImM,, I ,
- = Keep in mind that the denominators, Am, and AT, ,

are very close in magnitude

lex| = sing,

K
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Buras DG, l5|dor| —

C A closer look at the OPE for €,

\—/

PLB 10
We saw that We identified long-distance corr's with §
® What about long-distance corr's tolIm M, ?
eK| = _ A F Keep in mind that the denominators, Am, and AT, ,
are very close in magnitude

-~ N
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Buras DG, l5|dor| —
PLB 10

C A closer look at the OPE for €,

\—/

We saw that We identified long-distance corr's with §

® What about long-distance corr's toim M_,

Keep in mind that the denominators, Am, and AT, ,
are very close in magnitude

lex| = sing,

-~ s N
Im + +
dim-6 O(G_?)
- J
Strictly short-dist.

part: very well known
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C A closer look at the OPE for €,

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

\—/

We saw that

. ImI,,
el = sing, o
«
S
s A e 2
Im
dim-6 O(G2) dim-6 dim-6
0(G,) 0(G,)
\- . ./ \_ )
Strictly short-dist. Light quarks in between

part: very well known

Buras DG, l5|dor| —
PLB 10

We identified long-distance corr's with §

® What about long-distance corr's toim M_,

Keep in mind that the denominators, Am, and AT, ,

are very close in magnitude

[—> rather calculated in ChPT

—
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C A closer look at the OPE for €,

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

\—/

We saw that

. ImI,,
el = sing, o
«
S
s A e 2
Im
dim-6 O(G2) dim-6 dim-6
0(G,) 0(G,)
\- . ./ \_ )
Strictly short-dist. Light quarks in between

part: very well known

Buras DG, l5|dor| —
PLB 10

We identified long-distance corr's with §

® What about long-distance corr's toim M_,

Keep in mind that the denominators, Am, and AT, ,
are very close in magnitude

[—> rather calculated in ChPT

—

Namely one calculates diags such as

> F“ z : K 0
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‘ A closer look at the OPE for ¢, ' Ei‘;so DG, Isidori

We saw that

® What about long-distance corr's tolIm M, ?

Keep in mind that the denominators, Am, and AT, ,
are very close in magnitude /

|€K| = Sin q)e

«
g
s 2 e D N
Im + +
dim-6 O(G.?) dim-6 dim-6 Ve ~
O(G;) O(G,) Namely one calculates diags such as
~ o - J

Strictly short-dist. Light quarks in between 0 0
part: very well known > rather calculated in ChPT K K
-

more on this
diagram

/
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Buras DG, l5|dor| —
PLB 10

( A closer look at the OPE for €,

\—/

We saw that We identified long-distance corr's with §

® What about long-distance corr's toim M_,

Keep in mind that the denominators, Am, and AT, ,
are very close in magnitude

lex| = sing,

Im + +
dim-6 O(G_?) dim-6 dim-6
O(G;) O(G,) Namely one calculates diags such as
. J
. . \ J
Strictly short-dist. Light quarks in between 5 .
part: very well known > rather calculated in ChPT K K

more on this
diagram

- the dispersive part of this diag contributes to Im M ool

= the absorptive part contributes toIm I, , i.e. to the & term

12’
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Buras DG, l5|dor| —
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( A closer look at the OPE for €,

\—/

We saw that We identified long-distance corr's with §

® What about long-distance corr's toim M_,

Keep in mind that the denominators, Am, and AT, ,
are very close in magnitude

lex| = sing,

Im + +
dim-6 O(G_?) dim-6 dim-6 .
S ) . O(G;) O(G,) ) Namely one calculates diags such as

Strictly short-dist. Light quarks in between 5 .
part: very well known > rather calculated in ChPT K K
more on this
diagram

- the dispersive part of this diag contributes to Im M ool

= the absorptive part contributes toIm I, , i.e. to the & term

12’

|:> since we argued about the necessity of including &, for consistency we should also include Im M_ o'
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Buras DG, Isidori
’ Calculation of Im M, -

PLB 10

g
-------------------------------------

Main observation
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Buras DG, Isidori
1 non-local ‘
‘ Calculation of Im M, .

PLB 10

g
-------------------------------------

Main observation

» non-local
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ﬂ Calculation of Im M, rotoca! ' i Buras, DG, ISIdol:ll..:;_
i PLB 10

'----.uuu...-u--.u---...u--..-'

Main observation

Within ChPT, Im M~ is dominated by one single operator.

Therefore we can determine the (complex) coupling G, of this “octet” operator
entirely from data: T
&
S
G,

- /
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Calculation of Im M, rotoca! ¢ Buras, DG, lsidOI:i...:;—
‘I E% i PLB 10

Main observation

Within ChPT, Im M~ is dominated by one single operator.

Therefore we can determine the (complex) coupling G, of this “octet” operator 3
entirely from data: : T
K

- the magnitude can be measured from the K° — (), rate: f T
. 6

N ~6 ) i.e. |G, has 8 E

|G8| = 9X10 ~ GeV Fermi-coupling strength B B

- /
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( Calculation of Im M, ontoe 3 —; Buras, DG, Isidorj ™
PLB 1o i

Main observation

Within ChPT, Im Ml js dominated by one single operator.

This operator must also be responsible for the large K — (mr), amplitude with respect to K — (r),
fact known as the Al = %2 “rule”

Therefore we can determine the (complex) coupling G, of this “octet” operator
entirely from data:

- the magnitude can be measured from the K° — (), rate: f T

i.e. |G, has 8

-6 -2
|G8| = 9X10 ~ GeV Fermi-coupling strength

= the phase can be identified with &, that we also determine from data,
using e@, , as argued:

a, = AW(KO_’(T[T[)O) < Gy

o /
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( Calculation of Im M, ontoe 3 —; Buras, DG, Isidorj ™
PLB 1o i

Main observation

Within ChPT, Im Ml js dominated by one single operator.

This operator must also be responsible for the large K — (mr), amplitude with respect to K — (r),
fact known as the Al = %2 “rule”

Therefore we can determine the (complex) coupling G, of this “octet” operator
entirely from data:

- the magnitude can be measured from the K° — (), rate: f T

i.e. |G, has 8

-6 -2
|G8| = 9X10 ~ GeV Fermi-coupling strength

= the phase can be identified with &, that we also determine from data,
using e@, , as argued:

a EKO_’(HH)O) o Gy

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||
0 o,

“weak” amplitude,
with namely the strong phase

K factored away /
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( Calculation of Im M, rorloce! )

Main observation

Within ChPT, Im Ml js dominated by one single operator.

— Buras DG, Isidori

This operator must also be responsible for the large K — (mr), amplitude with respect to K — (r),

fact known as the Al = %% “rule”

G

Therefore we can determine the (complex) coupling G, of this “octet” operator
entirely from data:

- the magnitude can be measured from the K° — (), rate:

i.e. |G, has

-6 -2
|G8| = 9X10 ~ GeV Fermi-coupling strength

= the phase can be identified with &, that we also determine from data,
using e@, , as argued:

||||||||||||||||||||||||||||||||||||||||||||||||||||||||
0 %,

“weak” amplitude,
with namely the strong phase

K : factored away

ImG Ima
a, EK0—>(T[T[)0) o Gy |:> ReG8 - Reao
8 0

S

PLB 10
T
K
N
G

/
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’ Calculation of Im M, oo

--------
............
----------
-------
gy

Buras DG, Isidori !
PLB 10

-~

Our basic assumption:

IIIIIIIIIIIIIIIIII"

‘IlllIIlllllllllllllllllllIIIllllllllllllllllllllIIlllllllllllllllllllllIlllllllllllllllIlllllIlllllllllllllllIIlllllllllllllll"

non-local __ (em) K

IIIIIIIIIIIIIIIIII\‘
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PLB 10

Our basic assumption:

‘IlllIIlllllllllllllllllllIIIllllllllllllllllllllIIlllllllllllllllllllllIlllllllllllllllIlllllIlllllllllllllllIIlllllllllllllll" ‘IlllllllllllllllllllIIllllllllllllllllllllIIllllll','

’,

Recall:

K’ K" "

non-local __ (em)

K

i AR S i

*

Gy

llllIIIIIIIlllllllll\‘
TN,

ARAARRRERRRRRRRRRRIIDS

IIIIIIIIIIIIIIIIIIII"
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‘ Calculation of Im M, rotoca! ‘ Buras DG, ls:dol:ll..:;—

Our basic assumption:

‘IlllIIlllllllllllllllllllIIIllllllllllllllllllllIIlllllllllllllllllllllIlllllllllllllllIlllllIlllllllllllllllIIlllllllllllllll"

‘IlllllllllllllllllllIIllllllllllllllllllllIIllllll','

’,

Recall:

g K &

f =1

*

Gy

non-local __ (em)

K

IIIIIIIIIIIIIIIIIIIII"
IllllIIIIIIIlllllllll\‘
T,
ARRARREERRRRRRRRRRRIIDS

!
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PLB 10

Our basic assumption:

‘IlllIIlllllllllllllllllllIIIllllllllllllllllllllIIlllllllllllllllllllllIlllllllllllllllIlllllIlllllllllllllllIIlllllllllllllll" ‘IlllllllllllllllllllIIllllllllllllllllllllIIllllll',

Recall:

K’ K" "

i AR S i

*

Gy

non-local __ (em)

X

IIIIIIIIIIIIIIIIIIIII"
IllllIIIIIIIlllllllll\‘
IIIIIIIIIIIIIIIIIIII','
IIIIIIIIIIIIIIIIIIIII‘
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‘ Calculation of Im M, ronoca ‘

PLB 10

Our basic assumption:

‘IlllIIlllllllllllllllllllIIIllllllllllllllllllllIIlllllllllllllllllllllIlllllllllllllllIlllllIlllllllllllllllIIlllllllllllllll"

K’ KY

f =1

*

Gy

non-local __ (em)
i‘f1r 1‘2 ~ l‘{1r 1‘2 -

IIIIIIIIIIIIIIIIIIII"
llllIIIIIIIlllllllll\‘

)

‘IlllllllllllllllllllIIllllllllllllllllllllIIllllll',

Recall:
b

X

IIIIIIIIIIIIIIIIIII','

¢ Buras, DG, Isidori !

e

IIIIIIIIIIIIIIIIIIII‘

-

€, correction: final result

“lllllllllllllllIIllllllllllllllllllllIIllllllllllllllllllllIIlllllllllllllllllllllIlllllllllllllllIlllllIlllllllllllllllIIllllllllllllllllll"

IIIIIIIIIIIIIIIIII"

%
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

+
un

™
ol
Il
w2
— o
=]
=

€

>| &
HEE
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‘ Calculation of Im M, ronoca ‘

PLB 10

Our basic assumption:

‘IlllIIlllllllllllllllllllIIIllllllllllllllllllllIIlllllllllllllllllllllIlllllllllllllllIlllllIlllllllllllllllIIlllllllllllllll"

K’ KY

f =1

*

Gy

non-local __ (em)
i‘f1r 1‘2 ~ l‘{1r 1‘2 -

IIIIIIIIIIIIIIIIIIII"
llllIIIIIIIlllllllll\‘

)

‘IlllllllllllllllllllIIllllllllllllllllllllIIllllll',

Recall:
b

X

IIIIIIIIIIIIIIIIIII','

¢ Buras, DG, Isidori !

e

IIIIIIIIIIIIIIIIIIII‘

-

€, correction: final result

“lllllllllllllllIIllllllllllllllllllllIIllllllllllllllllllllIIlllllllllllllllllllllIlllllllllllllllIlllllIlllllllllllllllIIllllllllllllllllll"

ImM12 = Im M(IZ) + Im Mrllgn -local

IIIIIIIIIIIIIIIIII"

%
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
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PLB 10

Our basic assumption:

‘IlllIIlllllllllllllllllllIIIllllllllllllllllllllIIlllllllllllllllllllllIlllllllllllllllIlllllIlllllllllllllllIIlllllllllllllll" ‘IlllllllllllllllllllIIllllllllllllllllllllIIllllll','

Recall:

’

7 KO T
non-local __ (em) K

K

IIIIIIIIIIIIIIIIIIIII"
.
IllllIIIIIIIlllllllll\‘

T,
ARRARREERRRRRRRRRRRIIDS

!

)

(- )

€, correction: final result

ImM12 = Im M(12) + Im Mrllgn local

IIIIIIIIIIIIIIIIIII"
IIIIIIIIIIIIIIIIIIII‘

Il
w2
—
=]
=
m
+
yrt

|€K|
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Calculation of Im M, oo ’

PLB 10

Our basic assumption:

",
.
-
-
=
-
=
=
=
-
=
=
=
=
=
=
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=
=
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=
=
=
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=
=
=
=
=
=
=
=
=
=
=
=
=
-
=
=
=
-
=
=
=
=
=
=
=
=
=
=
H
<
O

non-local __ (em)

IIIIIIIIIIIIIIIIIIIIII"

g
2

)

Recall:

X

IIIIIIIIIIIIlllllllllll,'
(0
ARRREEREERRRRRRRRRERIIDS

€, correction: final result

f“l """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ""E

é II]]-JﬂKfrlz = :III]-Janrsg) _+_ :[IIl l“{qurblocal E “IlllllllllIllllllllllllllllllllIIIIIIIIIIIIIIIIIIIIIIIIIlllllll'u
- Bottom line
el = sing (M . |

L/

|EK| = | €K|approx .Ke

|:> K. = 0.94+0.02
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(The B, — pu decay within the SM: structure ) . See: Buchalla, Buras 95; Misiak Urban 99 |

BR[B, — pu] has the following structure

2 2
GFae.m.

167 s},

2 2 2 20 2 2
'fBS mBs'mu‘Y(mt/MW>

) |ij Vts

BR[B,~u'nw] =~ o x

Main diagram:
Z-penguin

contributes 80%
of the Y function
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R B

 The B, — pp decay within the SM: structure . See: Buchalla, Buras '93; Misiak, Urban 99—

BR[B, — pu] has the following structure

2 2
GFae.m. . |V* V
TSy

2
BR[B,—u'u’] = 11 X [ my g Y (miIM)

couplings: gauge and CKM

Main diagram:
Z-penguin

contributes 80%
of the Y function
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(The B, — pu decay within the SM: structure ) . See: Buchalla, Buras 95; Misiak Urban 99 |

BR[B, — pu] has the following structure

2 2
+ - 1 GFae.m. * 2 2 2 2 2
BR[BSHMM] =T X 3 4 '|thVts mBAY'mWY(mt/MW)
s 167 sy,
couplings: gauge and CKM 5 g h adronch

: matrix elem' :

Main diagram:
Z-penguin

contributes 80%
of the Y function
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R B

The B, — py decay within the SM: structure . See: Buchalla, Buras '93; Misiak, Urban 99§

BR[B, — pu] has the following structure

P LR LR RN LR RN R RN RN RN R TT T ]

crucial:
chiral suppression

|||||||||||||||||||||||||||||||||||||||||||||||

mpg Yz(mzZ/Miﬁ

-
.
- ST EERRNEENRRRNNNRRREEERRNE L

: hadronic
: matrix elem' :

2

2 2
GFae.m. . |V* V
TSy

BR[B,~u'w] = 1 x

couplings: gauge and CKM

Main diagram:
Z-penguin

contributes 80%
of the Y function
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R B

The B, — py decay within the SM: structure . See: Buchalla, Buras '93; Misiak, Urban 99§

BR[B, — pu] has the following structure

P LR LR RN LR RN R RN RN RN R TT T ]

crucial:
chiral suppression

|||||||||||||||||||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||||||||||||||||||||||||

Lo 1 G?,Oﬁim * 2 ) ) 5 short-distance function :
BRIB,~w'w] = o x| (Vo0 [ 15| my (mi )|V (miIMG,) ke Wison cocfiien)
s 167 sy, TN L
couplings: gauge and CKM EE hadronic

: matrix elem' :

Main diagram:
Z-penguin

contributes 80%
of the Y function
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R B

‘The B, — pp decay within the SM: structure . See: Buchalla, Buras 93; Misiak, Urban'99 ;

BR[B, — pu] has the following structure

P LR LR RN LR RN R RN RN RN R TT T ]

crucial:
chiral suppression

|||||||||||||||||||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||||||||||||||||||||||||

Lo 1 G?,Oﬁim * 2 ) ) 5 short-distance function :
BRIB,~w'w] = o x| (Vo0 [ 15| my (mi )|V (miIMG,) ke Wison cocfiien)
s lomws, | |\ T —| L el
couplings: gauge and CKM EE hadronic

: matrix elem' :

Recall: the final state is purely leptonic
hadronic
:  matrix element . .
The only non-null matrix elem’ is:
016y yss|B,(p)) = —ifp p°

D. Guadagnoli, HDR seminar



The B, — pp decay within the SM: structure . See: Buchalla, Buras '93; Misiak, Urban '99

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

BR[B, — pu] has the following structure

P LR LR RN LR RN R RN RN RN R TT T r

crucial:
chiral suppression

||||||||||||||||||||||||||||||||||||||||||||||

. 1 || Ghal, . P S|, . | : shortdistance function :
BR[BS—>M u ] ~ T X ek | SV m, Y (mt/MW) : (aka Wilson coefficient) :
s l6m s, ) e
couplings: gauge and CKM :“hadronic i
: matrix elem' :
Recall: the final state is purely leptonic :
hadronic
matrix element _ . :
The only non-null matrix elem' is: e s
<O|Byay5S|B (p)> = —if, p" K ©® f, isamong the simplest quantities
’ ' for lattice QCD
: e high-precision calculations possible,
GGG and in part already reality
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‘ The B_ — pu decay within the SM: structure ’ . See: Buchalla, Buras '93; Misiak, Urban'99 :

BR[B, — pu] has the following structure

P LR LR RN LR RN R RN RN RN R TT T ]

crucial:
chiral suppression

||||||||||||||||||||||||||||||||||||||||||||||

Lo 1 G?,Oﬁim * 2 ) ) 5 short-distance function :
BRIB,~w'w] = 3 x| == | Vo v, [ 5 | my {mi )|V (mi}I M5,) - aka wison coeficient)
s lomws, | |\ T —| L el
couplings: gauge and CKM = h adronch

: matrix elem' :

e [Easytounderstand: = take the B momentum p
= contract p with the lepton current, using p = p(u*) + p(u°)
- use e.o.m. for y* and u- :
_ chiral
suppression
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‘ The B_ — pu decay within the SM: structure ‘ . See: Buchalla, Buras '93; Misiak, Urban'99 :

BR[B, — pu] has the following structure

P LR LR RN LR RN R RN RN RN R TT T ]

crucial:
chiral suppression

||||||||||||||||||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||||||||||||||||||||||||

+ o 1 G?,Oﬁim * 2 5 2/ 2 ) - short-distance function
BR[B,—»uw] = X NSRS Y (m;I M) - (aka Wilson coefficient) -
s lomws, | |\ T —| L el
couplings: gauge and CKM = h adronch

: matrix elem' :

e [Easytounderstand: = take the B momentum p

= contract p with the lepton current, using p = p(u*) + p(u°)
- use e.o.m. for y* and u- :
~ chiral
suppression
e Masses' & couplings' . ‘usual’ | mi
dependence of the BR=: FCNC-related X —
. suppression : M 3
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The B, — pp decay within the SM: structure . See: Buchalla, Buras '93; Misiak, Urban'99 ©

BR[B, — pu] has the following structure

P LR LR RN LR RN R RN RN RN R TT T ]

crucial:
chiral suppression

||||||||||||||||||||||||||||||||||||||||||||||

Lo 1 G?,Oﬁim * 2 ) ) 5 short-distance function :
BR[B,—»uw] = X NSRS Y (m;I M) - (aka Wilson coefficient) -
s lorm s, | |\ T —| L Tl
couplings: gauge and CKM = h adronch

: matrix elem' :

e [Easytounderstand: = take the B momentum p

= contract p with the lepton current, using p = p(u*) + p(u°)
- use e.o.m. for y* and u- :
suppression Additional “chiral”
s ‘. suppression:
e Masses' & couplings' - tusual” relative 4 X 10~ factor
dependence of the BR = | FCNC-related X g
. suppression : | M 3
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BR[B, — pu] error: parametric

D. Guadagnoli, HDR seminar



BR[B, — pu] error: parametric
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BR[B, — pu] error: parametric

----------------------

o
.
--------

Using this expression, one can easily work out the main error components as follows

4 )
pdgLive
Input 5=
1.466(31) ps
2%
% - J
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BR[B, — pu] error: parametric

+ o Gzaﬁm. * 2 (2 2 oA 2) 4,2
BR[B,—u u| : 16F 3 4 ' 'Bs'mu'YMW)
s T Sy

-----------------------

Thus, one can write the following phenomenological expression for the BR

o
.
--------

Using this expression, one can easily work out the main error components as follows

4 N\ N\
. CKMfitter
pdglive or UTfit
g Input TBs: Re(V:b Vts):2 é
1.466(31) ps 4.05(8) 10
2% 4% :
AN Y E

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
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BR[B, — py] error: parametric

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

The main sources of error within the BR formula are:

= Grol . P
BR[BS_’M u ] : 16F 3 4 ' 'Bs'mi ' YzMzW)
s TSy

> Thus, one can write the following phenomenological expression for the BR

i top “pole” mass here ::

-------
Ll
R

BR[B,~u'w] = 323107~ ) Re(VyVu) || I

M 3.07
7,
4.05-1072 227 MeV (173.2 GeV)

e 3
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Using this expression, one can easily work out the main error components as follows

4 N\ ( CKMfitter N LQCD average A
pdglLive or UTfit (cenér.a::)\;azlliuez ;‘rom
Input Tp = Re<V:b V)= J5=
1.466(31)ps 4.05(8)-1072 227(8)MeV
gsntrlibytion to 29, 49, 79,
relative error S ) L ) U )
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BR[B, — py] error: parametric

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

The main sources of error within the BR formula are:

= Grol . P
BR[B,—u u| : 16F 3 4 ' 'Bs'mi ' YzMzW)
s TS,

> Thus, one can write the following phenomenological expression for the BR

i top “pole” mass here ::

-------
Ll
R

BR[B,~u'w] = 323107~ ) Re(VyVu) || I

M 3.07
7,
4.05-1072 227 MeV (173.2 GeV)

e 3
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Using this expression, one can easily work out the main error components as follows

4 N [ - N ( LQCD average N ([ )
, CKMfitter Tevat
e || ot | | Tersten e
Input TBs: Re( ij st) — fBS: Mt:
1.466(31)ps 4.05(8)-1072 227(8)MeV 173.2(0.9)GeV
Sentrhutionto 2% 4% 7% 1.6%
relative error 9 ) U )L )L )
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BR[B, — py] error: parametric

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

The main sources of error within the BR formula are:

= Grol . P
BR[B,—u u| : 16F 3 4 ' 'Bs'mi ' YzMzW)
s TS,

> Thus, one can write the following phenomenological expression for the BR

i top “pole” mass here ::

-------
Ll
R

BR[B,~u'w] = 323107~ ) Re(VyVu) || I

M 3.07
D7,
4.05-102 227 MeV (173.2 GeV)

e 3
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Using this expression, one can easily work out the main error components as follows

4 N\ N AN )
- LQCD average
. CKMfitter Tevat
WUt || conaaetom || gt
Input TBs: RG(V; st): fBS: Mt:
1.466(31)ps 4.05(8)-1072 227(8)MeV 173.2(0.9)GeV
Sentribution.to 2% 4% 7% 1.6 %
relative error S ) L )L ) U )

Il’ [Total relative error expected for BR[B, — up]: about 8.5%]

D. Guadagnoli, HDR seminar



A qualification about the f_ error

Input

Contribution to
BR relative error \_

4 . N ( CKMfitter )
pdgLive or UTfit
Ty = Re(V,V,)=
1.466(31)ps 4.05(8)-107°
2% 4%
° °

("~ LQCD average
(central value
from C. Davies)

Tevatron average
on 5.8/fb: 1107.5255

fB\_: M=
227(8)MeV 173.2(0.9)GeV
0 0
N 7% ) 1.6%

M Actually, there are different schools of thought as to whether the above f,, error is “the right choice”

e The FLAG (Flavor Lattice Averaging Group) collab. quotes as reference error the weighted average among

the most recent (= unquenched) lattice calculations: 4.5 MeV

L&

of the other ones.

This average is however dominated by one determination (HPQCD collab.), that has about half the error

In BR[B_ — p], this choice makes the f,_error subleading with respect to the CKM error.

e \We adopted the more conservative approach of estimating the error from the spread of the central values.

-
Scveiibbbi bt bbb bR L e e e L L Ed

S

»
C

*,
CarETEEEEETENTIEEEERTERNENRENEEREERRTINEEEEENE

- = -
= E NN RN N NN NN NN NN AR NN NN RN NN AR RE R

'O

Q
-------------------
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BR[B_ — pu] systematics 1: the initial state oscillates ; Dunietz, Fleischer, Nierste, PRD 01;
b : Descotes, Matias, Virto, PRD 12; =

De Bruyn et al.,, PRL 12 & PRD 12

.
YeammmssmssssEsssEEsssssEEEEsEEssmEssEEEssssssssssssssssnssnmmnnns®
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BR[B_ — pu] systematics 1: the initial state oscillates ; Dunietz, Fleischer, Nierste, PRD 01;
S : Descotes, Matias, Virto, PRD 12; :

De Bruyn et al.,, PRL 12 & PRD 12

.
YeammmssmssssEsssEEsssssEEEEsEEssmEssEEEssssssssssssssssnssnmmnnns®

The B, — pp rate is measured as follows:

or att =0

= the b hadronizes into a B
bb M :
the b hadronizes into a B,

production
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BR[B, — pp] systematics 1: the initial state oscillates  Dunietz, Fleischer, Nierste, PRD 01; ;
s : Descotes, Matias, Virto, PRD 12;

De Bruyn et al.,, PRL 12 & PRD 12

.
YeammmssmssssEsssEEsssssEEEEsEEssmEssEEEssssssssssssssssnssnmmnnns®

The B, — pp rate is measured as follows:

bb

Tl or evolves with time and
production — mee=0

' the b hadronizes into a B, the B, (t)
M _ _ _ M | decays into pu
the b hadronizes into a B

the B_ (t)
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BR[B, — pp] systematics 1: the initial state oscillates  Dunietz, Fleischer, Nierste, PRD 01; ;
s : Descotes, Matias, Virto, PRD 12;

De Bruyn et al.,, PRL 12 & PRD 12

.
YeammmssmssssEsssEEsssssEEEEsEEssmEssEEEssssssssssssssssnssnmmnnns®

The B, — pp rate is measured as follows:

_ ' the b hadronizes into a B, \ the B, (t)
bb M ; = att =0 M or evolves with time and
roduction = B decays into
g the b hadronizes into a B, the B_ (t) _ i

This is what theory calculates:
BR[B(t = 0) — py]
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BR[B, — pp] systematics 1: the initial state oscillates  Dunietz, Fleischer, Nierste, PRD 01; ;
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The B, — pp rate is measured as follows:

_ ' the b hadronizes into a B, \ the B, (t)
bb M ; = att =0 M or evolves with time and
roduction = B decays into
g the b hadronizes into a B, the B_ (t) _ i

This is what theory calculates: [ This is what exp measures ]
BR[B(t = 0) — py]
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BR[B, — pp] systematics 1: the initial state oscillates  Dunietz, Fleischer, Nierste, PRD 01; ;
s : Descotes, Matias, Virto, PRD 12;

De Bruyn et al.,, PRL 12 & PRD 12

.
YeammmssmssssEsssEEsssssEEEEsEEssmEssEEEssssssssssssssssnssnmmnnns®

The B, — pp rate is measured as follows:

= the b hadronizes into a B, \ the B, (t)
bb M =t N w \ = evolves with time and
roduction = - decays into
g the b hadronizes into a B, the B_ (t) _ i
This is what theory calculates: [ This is what exp measures ]
BR[B(t = 0) — py]

How are BR, and BR__ connected

BR,
1=y,

= BR

exp

with y, = AT /(2T,) ~ 0.088

See:
{ « LHCb 1212.4140

- latest HFAG average:
: 1207.1158

......................................................
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BR[B, — pp] systematics 1: the initial state oscillates  Dunietz, Fleischer, Nierste, PRD 01; ;
s : Descotes, Matias, Virto, PRD 12;

De Bruyn et al.,, PRL 12 & PRD 12

.
YeammmssmssssEsssEEsssssEEEEsEEssmEssEEEssssssssssssssssnssnmmnnns®

The B_ — py rate is measured as follows:

= the b hadronizes into a B, the B, (t)
bb M =t N w = evolves with time and
roduction = B decays into
g the b hadronizes into a B, the B_ (t) _ i
This is what theory calculates: [ This is what exp measures ]
BR[B(t = 0) — py]
A ow are an connecte V| Intuitive picture of this correction
H BR, and BR__ d Intuitive pi f thi i
) 1
BR, / Recall: BR, o T
1 = BReXp {
ys \

with y, = AT /(2T,) ~ 0.088

See:
{ « LHCb 1212.4140

- latest HFAG average:
: 1207.1158

......................................................
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BR[B_ — pu] systematics 1: the initial state oscillates ; Dunietz, Fleischer, Nierste, PRD 01;
S : Descotes, Matias, Virto, PRD 12; :

De Bruyn et al.,, PRL 12 & PRD 12

.
YeammmssmssssEsssEEsssssEEEEsEEssmEssEEEssssssssssssssssnssnmmnnns®

The B_ — py rate is measured as follows:

_ the b hadronizes into a B, the B, (t)
bb M =t N w ~ = evolves with time and
roduction = B decays into
g the b hadronizes into a B, the B_ (t) _ i
This is what theory calculates: [ This is what exp measures ]
BR[B_(t = 0) — py]
How are BR,_ and BR __ connected Intuitive picture of this correction
th exp
) 1
BR,, / Recall: BR, o T
= BReX {
1=y, "
\ 1 1 T,

Then one finds: X e

T = r_ l—‘on
with y, = AT,/(2T,) = 0.088 s 1=ATJ/(21,) s Tiong

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

See:
{ « LHCb 1212.4140

- latest HFAG average:
: 1207.1158

......................................................
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BR[B_ — pu] systematics 1: the initial state oscillates ; Dunietz, Fleischer, Nierste, PRD 01;
S : Descotes, Matias, Virto, PRD 12; :

De Bruyn et al.,, PRL 12 & PRD 12

.
YeammmssmssssEsssEEsssssEEEEsEEssmEssEEEssssssssssssssssnssnmmnnns®

The B_ — py rate is measured as follows:

_ the b hadronizes into a B, the B, (t)
bb M =t N w = evolves with time and
roduction = B decays into
g the b hadronizes into a B the B_ (t) _ i
This is what theory calculates: [ This is what exp measures ]
BR[B_(t = 0) — py]
How are BR, and BR_  connected Intuitive picture of this correction
Recall BR, o
BRth / - - rs
= BReX {
1—y £

’ \ 1 1 i r
Then one finds: X — :

T = r_ l—‘on
with y, = AT,/(2T,) = 0.088 s 1=ATJ/(21,) s Tiong

See:
{ « LHCb 1212.4140

- latest HFAG average:
: 1207.1158

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

Namely the 1/(1-y ) factor just “renormalizes” BR,, to the width
of the long-lived B_ eigenstate
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( SRIB. = Bl systematics 2. soit radiation) ...............................................  Buras, Girrbach, DG, Isigor;, :
i an arbitrary number of EPJC 13
“““““““““ - soft, undetected photons

n#0

Measured BR = BR(B,~up) + BR(B,~un{rny)
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( BR[BS = ““] systematlcs Zeall radlatlon) ............................................... g:ras, Girrbach, DG, Isidori,
i anarbitrary numberof : i fJ.C 13 :-
----------- SOft, undetected photons ....-.............-......................... .0':

Measured BR = BR(B,~up) + BR(B,~un{rny)

n#0

\(ﬁ This is the dominant sub-leading e.m. correction. Why should this correction be significant?
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------------

_ BRIB, — py] systematics 2: softradiation B—— | Bures,Girbach, DG, giger;
H P 13 i

. i anarbitrary number of i %~ * i
““““““ E Soft, undetected photons E .u---uu--uu----.uu--uu--u---.-uu o'-

n#0

Measured BR = BR(B,—uu) + BR(BS—>upL

, L This is the dominant sub-leading e.m. correction. Why should this correction be significant?

Main physics argument

E Lem g

cut

-BR(B
mBS/2 ( s_)MM)th

E... the minimum energy that one or more y have to have to be detected.
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~ BR[B, — py] systematics 2: soft radiation H S . | goras, Girmbach, DG, Isidori,

. i anarbitrary number of i %~ * i
‘‘‘‘‘‘‘‘‘‘ E SOft, undetected photons E ....-.............-......................... 0'-

n#0

Measured BR = BR(B.—uu) + BR(BS—>W

, L This is the dominant sub-leading e.m. correction. Why should this correction be significant?

Main physics argument

taking E_, =60 MeV [LHCDb]
correction = 0.89

.« the minimum energy that one or more y have to have to be detected.
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...................

............................................... | Buras, Girrbach, DG,

i anarbitrary number of : EPJC 13 :
““““““ é Soft’ undetected phOtonS ; ....--............-......................... ..'.

Isidori,

( BR[B, — pu] systematics 2: soft radiation)

Measured BR = BR(B,—»uu) + BR(B —mu

n#0

L This is the dominant sub-leading e.m. correction. Why should this correction be significant?

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

The correction is multiplicative, and of the form

Ecut
m B.v/ 2

BR(B,—uu[+n Y])IZ E,<E,

correction = 0.89

Tem . .
BR(B,—uu), [tak'“g E,, =60MeV [LHCb]]

with E_, the minimum energy that one or more y have to have to be detected.

Comments

e Multiplicative corr.: arises as the resummation of log-like corr's to an arbitrary number of photons
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i anarbitrary number of : EPJC 13 :
““““““ é soft’ undetected phOtonS ; ....--............-......................... ..'.

Isidori,

( BR[B, — pu] systematics 2: soft radiation)

Measured BR = BR(B,—uu) + BR(B —mu

n#0

L This is the dominant sub-leading e.m. correction. Why should this correction be significant?

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

The correction is multiplicative, and of the form

Ecut
m B.v/ 2

BR(B,—uu[+n Y]),Z E,<E,

correction = 0.89

Tem . .
BR(B,—uu), [tak'“g E,, =60MeV [LHCb]]

with E_, the minimum energy that one or more y have to have to be detected.

Comments

e Multiplicative corr.: arises as the resummation of log-like corr's to an arbitrary number of photons

®* The two scales in the ratio, E_ and m__/2, are the UV cutoffs of the two contributions to the corr:

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

e,
.........................................................................
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............................................... | Buras, Girrbach, DG,

i anarbitrary number of : EPJC 13 :
““““““ é soft’ undetected phOtonS ; ....--............-......................... ..'.

Isidori,

( BR[B, — pu] systematics 2: soft radiation)

Measured BR = BR(B,—uu) + BR(B —mu

n#0

L This is the dominant sub-leading e.m. correction. Why should this correction be significant?

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

The correction is multiplicative, and of the form

Ecut
m B.v/ 2

BR(B,—uu[+n Y]),Z E,<E,

correction = 0.89

Tem . .
BR(B,—uu), [tak'“g E,, =60MeV [LHCb]]

with E_, the minimum energy that one or more y have to have to be detected.

Comments

e Multiplicative corr.: arises as the resummation of log-like corr's to an arbitrary number of photons

®* The two scales in the ratio, E_ and m__/2, are the UV cutoffs of the two contributions to the corr:

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

e,
.........................................................................

e Only adding up these two contrib's yields an IR-safe result
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( BR[B, — up] systematics 2: soft radiation vs. other sources of radiation )

The discussed radiation is from final-state bremsstrahlung.

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

What about emission of photons from the initial-state quarks? See: ™ :
\. This contribution is not helicity-suppressed, so it may be important. In B — pv (y)itis. Becirevic, Haas, Kou

{ PLB 09
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( BR[B, — up] systematics 2: soft radiation vs. other sources of radiation )

The discussed radiation is from final-state bremsstrahlung.

What about emission of photons from the initial-state quarks?

adapted from: Bobeth et al., PRL 14

1 d : e
l;”. dmm, 1—_l‘l{ll"|f'l :
10,
1 [ |
[ __i_l_l
=
UL] :_’ ‘_'_'_._'_'“l'_'_,_. L — . Yeenl, E
m,, [GeV]
UU] | 1 i 1 | | I = I | e i 1 |
50 3.1 5.2 33 54 5.5

\. This contribution is not helicity-suppressed, so it may be important. InB — pv (y) itis.

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

.....

: Becirevic, Haas, Koy
PLB 09 :

soft final-state bremsstrahlung
[Buras, Girrbach, DG, Isidori, EPJC 12]

“structure-dependent” emission
[Aditya, Healey, Petrov, PRD 13]

signal window: LHCb
signal window: CMS
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( BR[B, — up] systematics 2: soft radiation vs. other sources of radiation )

The discussed radiation is from final-state bremsstrahlung.

adapted from: Bobeth et al., PRL 14

100 e : - : -
| ] d H - ]
| l;m dmw- l—;uw.l

10,
'
1} |
- -
e I ;
m,, [GeV] 3
0.01" : |

50 51 3.2 53 54 s 1

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

What about emission of photons from the initial-state quarks? : See: ™ i
\\ This contribution is not helicity-suppressed, so it may be important. InB — pv (y) itis. Ef;'g;wc’ Haas, Kou

soft final-state bremsstrahlung
[Buras, Girrbach, DG, Isidori, EPJC 12]

"""""" “structure-dependent” emission
[Aditya, Healey, Petrov, PRD 13]

------------ signal window: LHCb

= signal window: CMS

Note that:

e the structure-dep. contribution
must go to zero in the soft limit,
because the initial state is neutral
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( BR[B, — up] systematics 2: soft radiation vs. other sources of radiation )

The discussed radiation is from final-state bremsstrahlung.

What about emission of photons from the initial-state quarks?

adapted from: Bobeth et al., PRL 1
100
r 1 d
L+ dm -l—:uu"lr]

I’ dm

i g

]U::

0.1 _—

0.01"
50 51 3.2 33 54

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

.....

\. This contribution is not helicity-suppressed, so it may be important. InB — pv (y) itis.  Becirevic, Haas, Kou

{ PLB 09

4 soft final-state bremsstrahlung

[Buras, Girrbach, DG, Isidori, EPJC 12]

"""""" “structure-dependent” emission
[Aditya, Healey, Petrov, PRD 13]

------------ signal window: LHCb

= signal window: CMS

Note that:

e the structure-dep. contribution
must go to zero in the soft limit,
because the initial state is neutral

e infact, it goes to zero
asE} (Low's theorem),

i.e. fastly enough to be negligible
in the (narrow) signal region

s 1
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BR[B_ — pp] error: recap of systematics

De Bruyn et al., PRL 12 & PRD 12
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BR[B_ — pp] error: recap of systematics

De Bruyn et al., PRL 12 & PRD 12

Ef ect of soft undetected
ph otons in the final state:
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BR[B_ — pp] error: recap of systematics

De Bruyn et al., PRL 12 & PRD 12

ect of soft undetected
otons in the final state:

Buras, Girrbach, DG, Isidori, EPJC

BR,,, = BR, X 0.89

complete knowledge of

\
A LO EW corrections:

.
.
.
.
. .
. .
. .
. .
.
=== |
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BR[B_ — pp] error: recap of systematics

® Implied systematic error comparable to f,_error

Albeit impact arguably small (~ O(1%))

complete knowledge of in appropriate scheme o
LO EW corrections: [see Buras, Girrbach, DG, Isidori, EPJC 13]
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BR[B_ — pp] error: recap of systematics

----------------------------------

-----------------------------------------------------------------
...................................

------------------------------------------------------------------------

Implied systematic error comparable to f,_error

Albeit impact arguably small (~ O(1%))

- ncomplete knowledge of in appropriate scheme o
__I§ NLO EW corrections: [see Buras, Girrbach, DG, Isidori, EPJC 13]

® Fjnal answer: full calculation

= NLO EW: Bobeth et al., 1311.1348, PRD14

= SM pred.: Bobeth et al., 1311.0903, PRL14
= See also NNLO QCD: Hermann et al., 1311.1347, JHEP13
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BR[B_ — up] error: recap of systematics

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

RGP R T PR T TTTTTTN 5 ° — D = = . 1 ;
initial-state : © Errect ofB, =B, oscillations: ' pRr., = BR, — BR, X 1.09
. effect i DeBruynetal,PRL12& PRD 12 : I=ALJ/2T,
EmeaIstate e Effect of soft undetected _ 23| Taken into account
effect photons in the final state: BRexp BRy % 0.89 E by exp :
“":l llllllllllllllllllllllllll - Buras GlrrbaCh DG ISIdorI EPJC 13 ----------------------------------------- E
r "~
® Implied systematic error comparable to f,_error
............................... Albeit impact arguably small (~ O(1%))
EW short- dlst e Incomplete knowledge of in appropriate scheme
: effect NLO EW corrections: [see Buras, Girrbach, DG, Isidori, EPJC 13]
® Final answer: full calculation
: = NLO EW: Bobeth et al., 1311.1348, PRD14
= SM pred.: Bobeth et al., 1311.0903, PRL14
= See also NNLO QCD: Hermann et al., 1311.1347, JHEP13
\_ _J
S
T—— AII in all, theory (SM) ready to match expected experimental accuracy ------------------------------------- "
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BR[B, — uu]: a multi-faceted new-physics probe

From an effective-theory point of view, 6 operators
built out of SM fields, can contribute to this decay

= (One may write also two tensor operators,
but their matrix elements vanish for this process.)

SM operator

04 = [BySsliEyaysw

O'y = [byrs|y.ysu|

O's = (EPRS)(@MV)

O'p = (EPRS)“IYSM]
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BR[B, — uu]: a multi-faceted new-physics probe

SM operator

= (One may write also two tensor operators,

From an effective-theory point of view, 6 operators 0. = [bv®sliu
built out of SM fields, can contribute to this decay 4 ( YLS)(MYO‘ Vs

but their matrix elements vanish for this process.) 0. = (BP s)(ﬁy u
P — L 5

~

(] ) B, — up as a probe of scalar-fermion (i.e. Yukawa) interactions

>

O', = [byss|[myaysu)
O's = (EPRS)(@MV)

O'p = (EPRS)“IYSM]
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BR[B, — uu]: a multi-faceted new-physics probe

SM operator

From an effective-theory point of view, 6 operators 0, = (Z;yis)(ﬁy st

= (One may write also two tensor operators,
but their matrix elements vanish for this process.) 0, = (bPL s)(ﬁ ysi|

>

~

(] ) B, — up as a probe of scalar-fermion (i.e. Yukawa) interactions

® Main observation:
the B, — uu amplitude remains a well-defined object

in the gaugeless limit

built out of SM fields, can contribute to this decay

= [byRs|[yaysu|

S
-
I

O's = (EPRS)(@MV)

O'p = (EPRS)“IYSM]

Z-penguin contribution to B, — pp
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BR[B, — uu]: a multi-faceted new-physics probe

SM operator

= From an effective-theory point of view, 6 operators 0. = [bv®sliu
built out of SM fields, can contribute to this decay oA ( YLS)(MYO‘ Vs

= (One may write also two tensor operators,
but their matrix elements vanish for this process.) 0, = (bPL s)(ﬁ ysi|

(- =

(] ) B, — up as a probe of scalar-fermion (i.e. Yukawa) interactions

® Main observation:
the B, — uu amplitude remains a well-defined object

in the gaugeless limit

® It is therefore a Yukawa-dominated process
|:> probe of scalar operators: Og, and primed

O', = [byss|[myaysu)

O's = (EPRS)(@MV)

O'p = (EPRS)“IYSM]

Z-penguin contribution to B, — pp
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BR[B, — uu]: a multi-faceted new-physics probe

= From an effective-theory point of view, 6 operators 0O
built out of SM fields, can contribute to this decay 5 . 4
Os
= (One may write also two tensor operators,
but their matrix elements vanish for this process.) O
P
(i =

(] ) B, — up as a probe of scalar-fermion (i.e. Yukawa) interactions

® Main observation:
the B, — uu amplitude remains a well-defined object

in the gaugeless limit

® It is therefore a Yukawa-dominated process
|:> probe of scalar operators: Og, and primed

(&

&
( )

(2) B, — WM as a probe of anomalous Z-quark couplings

L Main observation:
the Z-penguin represents 80% of the total B, — uu amplitude

SM operator

= [byis|Eyaysu) O’y = [BYis|EVaysh)
= (bP,s|@w O's = (bPgs|iiu
= (bPys|@ysu] O'p = [bPesysu]

Z-penguin contribution to B, — pp

D. Guadagnoli, HDR seminar



BR[B, — uu]: a multi-faceted new-physics probe

SM operator

= From an effective-theory point of view, 6 operators = (bv%s|ii o= (bvislia
built out of SM fields, can contribute to this decay 5 OA _________ (YLS)(MYO‘Y5M) : 04 ( YRS)(M Ya¥sl|
Os = (EPLS)“_““L) O's = (EPRS)(@MV)
= (One may write also two tensor operators,
but their matrix elements vanish for this process.) 0. = (BP s)(ﬁ o O', = (EP S)(ﬁ ysi|
P — L 5 P — R 5
(i =

(] ) B, — up as a probe of scalar-fermion (i.e. Yukawa) interactions

® Main observation:
the B, — uu amplitude remains a well-defined object

in the gaugeless limit Z-penguin contribution to B, — pp

® It is therefore a Yukawa-dominated process
|:> probe of scalar operators: Og, and primed

(&

£ o
c D o

(2) B, — WM as a probe of anomalous Z-quark couplings

L Main observation:
the Z-penguin represents 80% of the total B, — uu amplitude

® Sensitive to shifts in Z-quark couplings

|:> probe of vector operators: O, and primed
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B, — W is more than ‘just’ a probe of new scalars mediating FCNCs

Consider the Z-a,.-dj coupling:

d,

J

SN
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BR[B, — py] as an EW precision test

B, — W is more than ‘just’ a probe of new scalars mediating FCNCs

Consider the Z-a,.-dj coupling:

d,

J

SN

r
Flavor-diag: i =/ (= 3)
Affects LEP-measured
Z— b bobservables: R,, A,, A°,

B

\.

(
Flavor-off-diag: / # j

Affects Z-penguin-driven FCNCs,
in particular B, —

.

........

........
e,
-

.........
------

o
.
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........

BR[B, — py] as an EW precision test

............ {.SIdOri’ PLB1
B, — W is more than ‘just’ a probe of new scalars mediating FCNCs
Consider the Z-a,.-dj coupling:
4 N
Flavor-diag: i = (= 3) b
d; Affects LEP-measured 7
Z— b bobservables: R,, A,, A°_,
b
Z <5 \. J
[ &5 4 ™
- Flavor-off-diag: / # j in
d i Affects Z-penguin-driven FCNCs, B
in particular B, — uu y
u+
. S

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
o o

Shifts in Zdd couplings can be implemented as
: contributions from effective operators
(— minimal model dep.)

The only operators relevant to the problem are
of the form:

Operators ~ |d, y" X’ a’j)(HTDMH)

v
e o
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
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BR[B, — py] as an EW precision test

............ {.SIdOri’ PLB1
B, — W is more than ‘just’ a probe of new scalars mediating FCNCs
Consider the Z-a,.-dj coupling:
4 N
Flavor-diag: i = (= 3) b
d; Affects LEP-measured 7
Z— b bobservables: R,, A,, A°_,
b
Z <5 \. J
[ &5 4 ™
- Flavor-off-diag: / # j in
d i Affects Z-penguin-driven FCNCs, B
in particular B, — uu y
u+
. S
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o o

Shifts in Zdd couplings can be implemented as
: contributions from effective operators
(— minimal model dep.)

The only operators relevant to the problem are
of the form:

Operators ~ |d, y" X’ a’j)(HTDMH)
——

N

v
e o
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........

BR[B, — py] as an EW precision test

............ {.Sldo”’ P'ZE.;....-.
B, — W is more than ‘just’ a probe of new scalars mediating FCNCs
Consider the Z-a,.-dj coupling:
4 N
Flavor-diag: i = (= 3) b
d; Affects LEP-measured 7
Z— b bobservables: R,, A,, A°_,
b
Z <& \. J
[ &5 4 ™
- Flavor-off-diag: / # j in
d i Affects Z-penguin-driven FCNCs,
B
in particular B, — uu y
u+
. S
Shifts in Zdd couplings can be implemented as
: contributions from effective operators Once the EFT flavor structure (the X; couplings) is specified,

(— minimal model dep.) flavor-viol. and flavor-cons. effects are correlated

The only operators relevant to the problem are
of the form:

Operators ~ (31. y”dj)(HTDMH)
——

N

flavor structure

v
e O
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
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BR[B, — pp] as an EW precision test D ---------

.........
------

B, — W is more than ‘just’ a probe of new scalars mediating FCNCs

Consider the Z-a,.-dj coupling:

4 ™
Flavor-diag: i = (= 3) b
d; Affects LEP-measured 7
Z— b bobservables: R,, A,, A°_,
b
Z <& \. J
[ &5 4 N
- Flavor-off-diag: / # j in
d i Affects Z-penguin-driven FCNCs, B
in particular B, — uu y
u+
. S
Shifts in Zdd couplings can be implemented as
: contributions from effective operators Once the EFT flavor structure (the X; couplings) is specified,
(— minimal model dep.) flavor-viol. and flavor-cons. effects are correlated
The only operators relevant to the problem are This can be done within general and motivated frameworks
of the form: such as:
Operators ~ (dl. y" dj) (H DMH) e MEV In either case, FV and FC couplings
H_J will be proportional to
o et N S Eariel two universal shifts:
avor structure V2 7 Compositeness 49, & o9,
H - J

v =
e O
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
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BR[B, — pp] as an EWPT: results
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One can then compare the limits on dg, . obtained from Z-peak obs with those obtained from B, — pp

0.004}

0.002;

0.000¢

-0.002;

MFV or Part. Comp., left-handed shift

fit to
Zbb obs.
B, —pp w/
F10% err.
SM
o
.
B, —uu w/
present 2¢ err.
0.00 0.01 0.02 0.03

69gp
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BR[B, — pp] as an EWPT: results

.........

.....

One can then compare the limits on dg, . obtained from Z-peak obs with those obtained from B, — pp

MFV or Part. Comp., left-handed shift

fit to
Zbb obs.
0.004}
" g
0.002} B, —pp w/
10% err.
3 H
o H
=
SM
0.000¢ o
®
.,
_0-002 r ." Bs_)l“‘| W/
present 2¢ err.
0.00 0.01 0.02 0.03
69gp

with present
B, — MM exp error

with ~ 10%
B, — up error

|6 ngMFV or PC < 23 X 10—3

|6gL|MFVorPC < 46><1074

.......
------
o
.

.......
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BR[B, — pp] as an EWPT: results
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One can then compare the limits on dg, . obtained from Z-peak obs with those obtained from B, — pp

MFV or Part. Comp., left-handed shift

Part. Comp., right-handed shift

fit to
Zbb obs.
0.004; . -, 0.004:
0.002} B.—up w/ 0.002}
F10% err.
5 § o
© i Q
SM SM
0.000} o 0.000/ :
¢
- B_.—uu w/
-0.002 * -0.0020 f L s
Boww | T I, ettt present 20 err.
present 2 err. Ot
0.00 0.01 0.02 0.03 0.00 0.01 0.02 0.03
(Sg_q 699
3 with present 5, MV < 23%107° 5g,.["C < 1.6x107*
. B, — puexp error
with ~ 10% MFV or PC —4 PC -5
S K
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ic matrix elements

ations of long-dist. contributions to e, attempted in lattice QCD.

tantial progress on B, (and even on K — mr matrix elements!)
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Outlook

Substantial progress can be expected in the years to come in all of the discussed topics.

CPV in the K° — K° system
Hadronic matrix elements
Calculations of long-dist. contributions to e, attempted in lattice QCD.
Substantial progress on B, (and even on K — s matrix elements!)

€, depends on |V _|*: knowledge of V , of utmost importance: Belle Il

knowledge of the CKM angle y (one of the least known CKM parameters)
crucial to €,: LHCb and its upgrade

D. Guadagnoli, HDR seminar



Outlook
Substantial progress can be expected in the years to come in all of the discussed topics.
CPV in the K° — K° system
Hadronic matrix elements
Calculations of long-dist. contributions to e, attempted in lattice QCD.
Substantial progress on B, (and even on K — s matrix elements!)

€, depends on |V _|*: knowledge of V , of utmost importance: Belle Il

knowledge of the CKM angle y (one of the least known CKM parameters)
crucial to €,: LHCb and its upgrade

B, — pu and related decays
Error will always be dominated by exp one.

Focuson B, — uu and B, — tt

More B, — uu statistics: time-dependent measurement.
Able to potentially probe even CP violation in B, — uu [De Bruyn et al., PRL 12]
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