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

BR[B, — pu] has the following structure
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The B, — py decay within the SM: structure . See: Buchalla, Buras '93; Misiak, Urban 99§
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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
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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:

(0lby“yss|B,(p)) = =i f5 p*
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The B, — py decay within the SM: structure . See: Buchalla, Buras '93; Misiak, Urban 99§

BR[B, — pu] has the following structure
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crucial:
chiral suppression
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Lo 1 G?,Oﬁim * 2 ) 2, o ) : short-distance function :
BR[B,—»uw] = X NSRS Y (m;I M) - (aka Wilson coefficient) -
s 167 sy, TN L
couplings: gauge and CKM = h adronch

: matrix elem' :

Recall: the final state is purely leptonic :
hadronic
matrix element , . :
The only non-null matrix elem' is: T ",
(0|by*y.s|B.(p)) = —if, p” : ;5 ® f,, isamong the simplest quantities
* ’ for lattice QCD
e high-precision calculations possible,
S and in part already reality
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The B, — py decay within the SM: structure . See: Buchalla, Buras 93; Misiak, Urban'99 ;

BR[B, — pu] has the following structure
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couplings: gauge and CKM EE hadronic

: matrix elem' :

e FEasytounderstand: = take the B momentum p
= contract p with the lepton current, using p = p(u*) + p(u°)

= use e.o.m. for uy* and y-

chiral
suppression
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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
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Lo 1 G?,Oﬁim * 2 ) 2, o ) short-distance function :
BRIB,~w'w] = o x| (Vo0 [ 15| my (mi )|V (miIMG,) ke Wison cocfiien)
§ 167 Swl N | L e
couplings: gauge and CKM 5 g h adronch

: matrix elem' :

e FEasytounderstand: = take the B momentum p
= contract p with the lepton current, using p = p(u*) + p(u°)

= use e.o.m. for uy* and y-

chiral
suppression Additional “chiral”
e suppression:
: i -6
e Masses' & couplings' 5 “usual” 2 relative 106 factor

: : m
dependence of the BR = | FCNC-related X g
. suppression : | M,
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Model-independent approach: effective operators

Beyond the SM, | 0, = [by]s|[y.ysu| O, = [bygs|my.ysu
a total of 6 operators can contribute:
(One may write also two tensor operators, Os = (BPLS)(FLM) O's = (BPRS)(HM)
but their matrix elements vanish for this process.) ~ ~
Op = (bPLS)(!IySM) O'p = (bPRS)(lIYSM)
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Model-independent approach: effective operators SM operator

Beyond the SM, | 0, = [byis|iy ysh] - O’y = [byrs|@y.ysu
a total of 6 operators can contribute: et eeeeeeeem e e e eeen e e emeeemeemeeeneeananne? :

Os = (BPLS)(FLM) O's

(One may write also two tensor operators, (13 PRS) vy
but their matrix elements vanish for this process.)

Op = (bPLS)(!IySM) O'p (EPRS)(EYSM)
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BR[B,—u*u] beyond the SM

Model-independent approach: effective operators SM operator

04 = [byisliveysn) 04 = [bYis|fivaysu)

Beyond the SM,
a total of 6 operators can contribute:

(One may write also two tensor operators, Os = (BPLS)(FLM) O's = (B PRS)(HM)
but their matrix elements vanish for this process.)
Op = (bPLS)(!IYSM) O'p = (bPRS)(lIYSM)
The very “delicate” structure of the SM prediction |
: is easily spoiled beyond the SM.
e Why is this actually plausible?
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Model-independent approach: effective operators SM operator

0, = [Byislyays) 0% = [ByRsyaysyl

Beyond the SM,
a total of 6 operators can contribute:

(One may write also two tensor operators, Os = (bPLS)(MM) O's = (b PRS)(MM)
but their matrix elements vanish for this process.)
Op = (bPLS)(MYSM) O'p = (bPRS)(MYSM)
The very “delicate” structure of the SM prediction | e ¢ g,
is easily spoiled beyond the SM. Cr &dits: Gine Is:d ..... *
.......................... Orj .:
e Why is this actually plausible?
Observation: the B, — pu amplitude remains a well-defined object in the limit where gauge interactions go to zero.
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Model-independent approach: effective operators SM operator

Beyond the SM, | 0, = [byis|iy ysh] - O’y = [byrs|@y.ysu
a total of 6 operators can contribute: g

(One may write also two tensor operators, Os = (bPLS)(MM) O's = (b PRS)(MM)
but their matrix elements vanish for this process.)
Op = (bPLS)(MYSM) O'p = (bPRS)(MYSM)
The very “delicate” structure of the SM prediction | e ¢ g,
is easily spoiled beyond the SM. Cr &dits: Gine Is:d ..... *
.......................... Orij .:
e Why is this actually plausible?
Observation: the B, — pu amplitude remains a well-defined object in the limit where gauge interactions go to zero.
5 5 MZ MZ
Ay © Gp v Oy Y(M;IM;,)  with Y( ~) ~ —  because of GIM
w /4 z
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Model-independent approach: effective operators SM operator

Beyond the SM, | 0, = [byis|iy ysh] - O’y = [byrs|@y.ysu
a total of 6 operators can contribute: g

(One may write also two tensor operators, Os = (bPLS)(MM) O's = (b PRS)(MM)
but their matrix elements vanish for this process.)
Op = (bPLS)(MYSM) O'p = (bPRS)(MYSM)
The very “delicate” structure of the SM prediction | e ¢ g,
is easily spoiled beyond the SM. Cr &dits: Gine Is:d ..... *
.......................... Orj .:
e Why is this actually plausible?
Observation: the B, — pu amplitude remains a well-defined object in the limit where gauge interactions go to zero.
5 5 M2 MZ
Ap o < Gp - a,, - Y(M;IMy) with Y(—~) ~ —~  because of GIM
w w
2 2 E
e Hence the relevant 4 w 1. g M, o~
. o B 5 3 — :
proportionality is: uu v M, Vz
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Model-independent approach: effective operators SM operator

Beyond the SM, | 0, = [byis|iy ysh] - O’y = [byrs|@y.ysu
a total of 6 operators can contribute: g

(One may write also two tensor operators, Os = (bPLS)(MM) O's = (b PRS)(MM)
but their matrix elements vanish for this process.)
Op = (bPLS)(MYSM) O'p = (bPRS)(MYSM)
The very “delicate” structure of the SM prediction | g,
is easily spoiled beyond the SM. Cr &dits: Gine Is:d ..... *
.......................... Orj .:
e Why is this actually plausible?
Observation: the B, — pu amplitude remains a well-defined object in the limit where gauge interactions go to zero.
5 5 MZ MZ
Ag oy < Gp - Q,, - Y(M;IM,) with Y( ~) ~ —  because of GIM
w /4 E
Hence the relevant 1 , !
e Hence the relevan ‘ : : : :
. o A, , o — - o L So this process is a genuine probe
proportionality is: poo Vv % Vz of Yukawa interactions
the g2 dependence i.e. of the scalar-fermion sector
= cancels out
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Model-independent approach: effective operators SM operator

04 = [byisliveysn) 04 = [bYis|fivaysu)

a total of 6 operators can contribute: ettt .

Beyond the SM,

(One may write also two tensor operators, Os = (bPLS)(MM) O's = (b PRS)(MM)
but their matrix elements vanish for this process.)
Op = (bPLS)(MYSM) O'p = (bPRS)(MYSM)
The very “delicate” structure of the SM prediction | e T e,
is easily spoiled beyond the SM. Cr &dits: Gine Is:d ..... *
.......................... ori
e Why is this actually plausible?
Observation: the B, — pu amplitude remains a well-defined object in the limit where gauge interactions go to zero.
5 5 MZ MZ ;
Ag oy < Gp - Q,, - Y(M;IMy) with Y(—~) ~ —~  because of GIM
w /4 E
Hence the relevant 1 . ! N
¢ nhence the rl_e e\_/e?n Ay s € L oc & So this process is a genuine probe
proportionality is: v Vz of Yukawa interactions
the g2 dependence i.e. of the scalar-fermion sector
cancels out a
-"""[D ‘05
b_R w ~ Effectively tree-level diagrams: )
Enh t goi :
One famous example: tan? h_o ,_H_O,_AO ¢ MHANCEMEnt 9oig @s
the MSSM with large tanf3 an’p — ¢ anf . 1 otan’P
. BR[BS—>M u ]OCAt 2
S, w " M, J

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

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

Consider the Z-a,.-dj coupling:

d,

SN

J

f
Flavor-diag: i =/ (= 3)

Affects LEP-measured

\.

Z — b b observables: R, A,, A’

........

........
.
.

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

o
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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

........

............ Isidori, p 5
4 N
Flavor-diag: i = (= 3) b
Affects LEP-measured 7
Z— b bobservables: R,, A,, A°_,
b
\\ S
4 ™
Flavor-off-diag: / # j in
Affects Z-penguin-driven FCNCs, B
in particular B, — uu y
u+
. S
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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)

v
e o
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B, — W is more than ‘just’ a probe of new scalars mediating FCNCs
Consider the Z-a,.-dj coupling:
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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+
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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)
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N

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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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 ~ (31. y“dj)(HTDMH)
——

N

flavor structure

v
e o
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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
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o o

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 ~ (31. y”dj)(HTDMH) ® MFV
flavor structure N e Partial -
V2 7 Compositeness
u

v =
e O
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.........
------

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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Fixing the couplings. Case 1: MFV
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Fixing the couplings. Case 1: MFV

MFV is the statement that — even beyond the SM — the only structures that break the flavor symmetry
are the SM Yukawa couplings

This statement fixes the flavor structure of new operators.

u u

Example: operators with the bilinear QZL y” X,.j Qi |:> Xij = 0<1)><(Y Yf)ij

This fixes the flavor structure of the Z ai dJ. coupling § g’{

A

E.g., in the basis where YM=V7L );u and Y ,=Y, onehas: [6gl{ o« V:i sz]
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Fixing the couplings. Case 1: MFV
ﬁ

MFYV is the statement that — even beyond the SM — the only structures that break the flavor symmetry
are the SM Yukawa couplings

This statement fixes the flavor structure of new operators.

u u

Example: operators with the bilinear QZL y“ Xl.j Qi |:> Xij - 0<1)><(Y Yf)ij

This fixes the flavor structure of the Z ai dj coupling § g’{

A

E.g., in the basis where YM=V7L );u and Y ,=Y, onehas: [6g’i o« V:i sz]

Most relevantly, this fixes univocally the correlation between the flavor-off-diag.
and the flavor-diag. coupling:

V.V
32 b s
0g, = tV—|2t 08,

Vs
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Fixing the couplings. Case 1: MFV
= =

MFV is the statement that — even beyond the SM — the only structures that break the flavor symmetry
are the SM Yukawa couplings

This statement fixes the flavor structure of new operators.

u u

Example: operators with the bilinear QZL y” X,.j Qi |:> Xij = 0<1)><(Y Yf)ij

This fixes the flavor structure of the Z ai dJ. coupling § g’{

A

E.g., in the basis where YM=V7L );u and Y ,=Y, onehas: [6gl{ o« V:i sz]

Most relevantly, this fixes univocally the correlation between the flavor-off-diag.
and the flavor-diag. coupling:

ey shift in
shift in the =
Zbs coupling: Z—bb
affects B, — pp
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Fixing the couplings. Case 1: MFV
= =

MFV is the statement that — even beyond the SM — the only structures that break the flavor symmetry
are the SM Yukawa couplings

This statement fixes the flavor structure of new operators.

u u

Example: operators with the bilinear QZL y“ X,.j Qi |:> Xij = 0<1 )X(Y YT);']'

This fixes the flavor structure of the Z ai dj coupling § g’{

A

E.g., in the basis where YM=V7L );u and Y ,=Y, onehas: [6gii oC VZ. sz]

Most relevantly, this fixes univocally the correlation between the flavor-off-diag.

and the flavor-diag. coupling:
-

shift in the ShiftIn
Zbs coupling: flavor structure
affects B, — pp (fixed within the framework)
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Fixing the couplings. Case 2: Partial Compositeness
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Main point:

As in the MFV example, we need to organize EFT operators according to their flavor suppression.

The defining property of (fermion) Partial Compositeness is as follows:

interactions = €, f, O,

‘At a cutoff scale A\, the SM fermions f, couple linearly to operators O, of a confining sector”
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Fixing the couplings. Case 2: Partial Compositeness
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Main point:
As in the MFV example, we need to organize EFT operators according to their flavor suppression.

The defining property of (fermion) Partial Compositeness is as follows: i
‘At a cutoff scale A\, the SM fermions f, couple linearly to operators O, of a confining sector”
interactions = @f . 0. the €, measure the degree of compositeness of
b fermion f
N L
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Main point:
As in the MFV example, we need to organize EFT operators according to their flavor suppression.
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The defining property of (fermion) Partial Compositeness is as follows: I
‘At a cutoff scale A\, the SM fermions f, couple linearly to operators O, of a confining sector”
interactions = @f . 0. the €, measure the degree of compositeness of
b fermion f
N b

Back to the main point:

e ltis evident that the relevant low-energy d.o.f. are not £, but rather €, f.
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Main point:
As in the MFV example, we need to organize EFT operators according to their flavor suppression.
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The defining property of (fermion) Partial Compositeness is as follows: I
‘At a cutoff scale A\, the SM fermions f, couple linearly to operators O, of a confining sector”
interactions = @f . 0. the €, measure the degree of compositeness of
b fermion f
N b

Back to the main point:

e ltis evident that the relevant low-energy d.o.f. are not £, but rather €, f.

e Building our EFT with € f the flavor structure is fixed — apart from O(1) factors

D. Guadagnoli, B, — uu as an EWPT
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Fixing the couplings. Case 2: Partial Compositeness

How are the € related to Y, and Y, ?

r N
One way to guess the answer: integrate out O, in the interactions ¢, f. O,

The answer would be: Y, . i Eg e(uj))d

\. /
. See.;._.é_.:- ..............................

( 5..,9?,‘,/idson, ISIC[ o

Another way to arrive at the same answer is to start with the following picture: O”Uh”g PLB ¢

Yukawa interactions are O(1) but kinetic terms for fermions are hierarchical
patternless matrices (in a non-canonical wave-function normalization)

\. S
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Fixing the couplings. Case 2: Partial Compositeness

How are the € related to Y, and Y, ?

r D
One way to guess the answer: integrate out O, in the interactions ¢, f. O,

The answer would be: Yu)d i E(QZ) e(uj))d
. S
. See..e:,.é:- ..............................
( i,_??YidSOl'), ISld o
Another way to arrive at the same answer is to start with the following picture: O”Uh”g PLB ¢
Yukawa interactions are O(1) but kinetic terms for fermions are hierarchical
patternless matrices (in a non-canonical wave-function normalization)

e Hierarchical kin. terms can arise from non-trivial profiles of fermion wave-functions
in QFT with extra-dims
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Fixing the couplings. Case 2: Partial Compositeness

How are the € related to Y, and Y, ?

r D
One way to guess the answer: integrate out O, in the interactions ¢, f. O,

The answer would be:

\. /

7 :":..PaVidSO,..; .
Another way to arrive at the same answer is to start with the following picture: e 07

Yukawa interactions are O(1) but kinetic terms for fermions are hierarchical
patternless matrices (in a non-canonical wave-function normalization)

e Hierarchical kin. terms can arise from non-trivial profiles of fermion wave-functions
in QFT with extra-dims

° Hierarchies are then transmitted to the Yukawa interactions
once kin. terms are made canonical

D. Guadagnoli, B, — uu as an EWPT



(Fixing the couplings. Case 2: Partial Compositeness )

Flavor structure of the RH operator O’r = i (BRy”sR) HTDMH
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(Fixing the couplings. Case 2: Partial Compositeness )

Flavor structure of the RH operator O’r = i (BRy”sR) HTDMH

lavor structure of the above-written operator needs to scale as

(3) .(3) _(2) _(2)
| _selegel  mym m
The flavor structure

is fixed within the PC framework
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One can then compare the limits on dg, . obtained from Z-peak obs with those obtained from B, — pp
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MFV or Part. Comp., left-handed shift
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IS0 1305 o
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} 1 0.004}
0.002} B.oupw/ - 0.002}
::1 0% err.
& ¢ 5
© 3 ©
SM SM
0.000} o - 0.000} :
)
e
-0.002] 5, 0002, | B,—puw/
"B, —pp w/ B s Rt present 2o err.
present 2c err. S
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, — pp exp error
ith ~ 10° _ _
with ~ 10% 16g,["V ™ < 4.6x107* 8 g,["C < 33x107°
B, — up error
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Conclusions

¢ Looking forward to a deviation.
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