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Roadmap

What do we Want?
» Find New Physics -- Establish deviations from the SM in flavor Physics

» Measure the New Physics

> Identify the New Physics -- Characterize its fingerprints
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Roadmap

What do we Want?
» Find New Physics -- Establish deviations from the SM in flavor Physics

» Measure the New Physics

> Identify the New Physics -- Characterize its fingerprints

What if the SM prevails?

> KEstablish strong constraints on NP...

» Model-independently

> or constrain/exclude NP models / paradigms

Why flavor-changing (rare) Processes?

? Very suppressed in the SM -- through very particular mechanisms

» Very sensitive to NP -- Probe very high energy scales

» Complementary to Direct Searches -- and might provide a guideline

Why B — K*¢¢ ?
» This 1s the object of this talk
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Effective Operators for Flavor Physics
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RADIATIVE DECAYS vs SEMILEPTONIC

Descotes-Genon, Matias, Ramon, Virto 1207.2753

Constraints on C7, C7’° (all other NP to zero).

1.0F

BR(B — X.7) (ArB(B — K" pu7)) (16
Acp(B — K*) (Fr(B — K*'p" p7))pne)
Ar(B — Xs7)
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RADIATIVE DECAYS vs SEMILEPTONIC

Descotes-Genon, Matias, Ramon, Virto 1207.2753

Constraints on C7, C7’° (all other NP to zero).

1.0F

BR(B — X.7) (ArB(B — K" pu7)) (16
Acp(B — K*) (Fr(B — K*'p" p7))pne)
Ar(B — Xs7)

Rencontres de Moriond 2013 JAVIER VIRTO - March 3rd 2013




What about ONLY B — K*(— Knr){t/™ ?

Descotes-Genon, Matias, Ramon, Virto 1207.2753

Constraints on C7, C7’° (all other NP to zero).
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ONLY B K (—Kn)ll~  Ace(B—E"%) (H(B-Ku),
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2) only if we do things right
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THE B - K*(—Kn)/("(~ DECAY
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Adj ustable kinematics

——~—— - - . -

» Itisa b— s penguin process: Loop + Cabibbo suppressed in the SM.
» Large number of angular observables available experimentally.

> Leptons can be e, mu, tau. Each has 1ts own pheno.

> Also: CP Violation, Isospin asymmetry,... lepton polarization (future?)
> Semi-leptonic Meson Decay: Theory difficulties:

K
@ Form Factors K*,»’.< -
@ Non-factorizable contributions 3
@ Power corrections By cc
& Long-distance loops - resonances 0
¢t

> Other difficulties. E.g. S-wave pollution.
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TWO different Kinematic Regimes (or more?)

q2 = (Invariant mass of A Theoretical Framework
2 2
¢- STGeV SCET/ QCDF/ LEET
: <
I_arge ReCO'l [Beneke, Feldmann, Seidel.....] S
P
3
14GeV* < ¢* <20GeV? HKRET + OPE 5‘2_
. rinstein, Pirjol,... W
Low Recoil ornstem. -
v v B K Contribution
: o nee—X— ) 1
™~ [Jager, Camalich] resonances
[Khodjamirian, Mannel,Wang]
7Gev2 5 q2 SJ 14 GeVZ [Khodjamirian, Mannel,Pivovarov,Wang]
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ANGULAR DISTRIBUTION

The differential angular decay rate distribution is

44T 9
dq? dcos O dcos 0, dp 327

[Jls sin? O + Jy,. cos® O + (Jos sin? O + Jo. cos? Ok ) cos 20,

+.J5 sin? Ok sin? 6, cos 2¢ + J4 sin 20 i sin 26, cos ¢ + J5 sin 20k sin 6; cos ¢
+(J6s sin? O + Jg. cos? Ok ) cos 0 + J7 sin 20k sin 0; sin ¢ + Jg sin 20k sin 26, sin ¢

+.Jy sin? Ok sin? 6, sin Zgb} [Kruger et.al. 2000]

? The coefficients J(¢g”2) are observables.

» The question 1s how well can we describe these observables theoretically.
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ANGULAR DISTRIBUTION

The coefficients .J; can be written in terms of the Spin Amplitudes:

g, — 2 25?) [|AL|? + |AF|? + |AR|? + |AF|?] + 4;2? Re (AL AR + AL ART)

Jie = |AE|? + |AB|? + 4;”"? [|AL|? + 2Re(AEAE")] + 82 | As|?,

Jow = BL[IALE 4 | AP + | AR + |AFP], e = — B2 [ A2 + | AR

Jy = 282 [IAL2 — |AFI2 + |ARI2 — |AF2],  Ju= _B? [Re(AFAL" + AFAR)] .

V2

* = T -
Js = V28, [Re(AFAL™ — ARAR) — 75 Re(Af A5 + Af" As)]

Va2
Jos = 28¢ [Re(AFAL™ — ARATT)] Joo = 45 \’/’% Re(Af AL + AF As)
Jr = V28, [Im(AF AF™ — AFAF) + \/"_zlm(AiAg — A" As))]
q
Jg = - 1 B7 [Im(AJAL™ + AFAT)] , Jy = 87 [Im(A[ AL + AfF"AT)] ,

V2

(or equivalently in terms of helicity amplitudes)
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AMPLITUDES

At the Leading Order:

2mb

’ ) V(q?
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A
+2my(CF — )| (m, + 3. — ITale?) — o @) |
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N r 2 /
A = ﬁ/\lﬂ [2(Cfg — CY) + ,:i—(CP — CP)] Ao(g?)
i

Ags = —2NAY2(Cs — C%

Spin Amplitudes in terms of Wilson Coefficients and form factors.
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“Clean” Observables - 5 easy pieaes

.
(@) Atthe Leading Order:

ATR = N\ [ChadV(@) + (@) + O(as, )

Aﬁ’R — N|| _Cg_¢10A1 (qz) + C;T2(q2)] +O(a, )

AOL’R = No C§¢10A12(q2) + C7_T23(q2):| + O(CMS, . )
\_

~\

J
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“Clean” Observables - 5 easy pleces

.
(@) Atthe Leading Order:

Ai’R =N, [CQ;IOV(qz) + C;Tl(qz)] + O(a, - - +)

Aﬁ’R — Nll _C9_¢10A1((]2) + C;Tz(q2)} +O(a, )

AG™ = Ny |CoraoAia(@®) + Cas(a)| + Olas, )

.

~\

J

Rencontres de Moriond 2013

4 _ _ )
@ Define the FF ratios:
R =TV
(B2 = To/4)
Ry =Th3 /Ao
\_ _J
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“Clean” Observables - 5 easy pieces

4 N\ N
@ At the Leading Order: @ Define the FF ratios:
AL = N[ CE V(@) + CHT(@)| + Olas, ) Ry =T1/V
AP = Nj|Coaoa(@?) + Cr Ta(g)] + O, ) Ry = T/ A
AF™ = No | CaaoAnala®) + CrTasl(@®)| + O, -) Ry =Tos/Arz
\ ' J U J
. h
In BOTH limits: 3 72
At LARGE @ LOW recoil R, 9 =1+ corrections , Rz = —- + corrections
(EFT Predictions) :
\ J
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“Clean” Observables - 5 easy pieces

-
@ At the Leading Order:

TR = N\ [CV@®) + G| + Oes, )

Aﬁ’R — N|| _C§;10A1(q2) + C;TQ(qﬂ +O(as, )

AG™ = Ny |CoraoAia(@®) + Cas(a)| + Olas, )
\.

\

J

-
@ Define the FF ratios:
Rl - Tl/V

Ry =T5/A,

Rs =Th3 /A1

In BOTH limits:

(EFT Predictions)

. q .
At LARGE @ LOW recoil Ry 9 =1+ corrections , Rs= —- + corrections

2

~

mpg

A{I'R = FUL’R A12((12) + O(a, )

Shovt distance functions
\ J
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“Clean” Observables - 5 easy pieces

[ _ N [ _ _ )
@ At the Leading Order: @ Define the FF ratios:
AL = N[ CE V(@) + CHT(@)| + Olas, ) Ry =T1/V
AER = Ni[CoaoAa(@®) + C Ta(a?)] + Olas, ) Ry = Ty/ A,
Ag’R = NO -C§¥10A12(q2) + C7_T23(q2):| + O(O{S, . ) R3 :T23/A12
\ ' J U J
. )
In BOTH limits: 3 72
At LARGE @ LOW recoil R, 9 =1+ corrections , Rz = —- + corrections
(EFT Predictions) 4
. J
[ o N [ . ] )
Plug it in @ Make suitable ratios
(. N
A" =FLAWV(E) + Ola, ) =9
- Re(A§ AL + Af Al .
L.R L.R 2 — 14
AT T A+ Ol ) JUARE+ [AFR)(AFE + ] AFP)
LR _|pL,R 2y | o
AT = Ko 4A12(q ) +0(as,-) CAREFULL: Not guaranteed it
Short distance functions Ls observable (sy mmetries!!l)
. J L J
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~ “Clean” Observables - Observations

1. All such observables are “clean” both at LARGE and LOW recaoil.
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“Clean” Observables - o©bservations

1. All such observables are “clean” both at LARGE and LOW recaoil.

2. At LARGE recoil there is a further FF relationship:
2Ek-mpV (¢°) = (mp + mg-)?A1(¢°)

AL+ [ALP AP - AP

so we can build observables “clean” at large recoil only, e.g
AT+ |ATP + AP + |41
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“Clean” Observables - o©bservations

1. All such observables are “clean” both at LARGE and LOW recaoil.

2. At LARGE recoil there is a further FF relationship:
2Ek-mpV (¢°) = (mp + mg-)?A1(¢°)

AT + AT — Ay - \Afo
AT P+ AP + A2+ AP

so we can build observables “clean” at large recoil only, e.g

3. IMPORTANT to determine up to which point “cleanness”is preserved when we include:

e Perturbative corrections.
 Non-factorizable corrections.
e Power corrections.
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“Clean” Observables - o©bservations

1. All such observables are “clean” both at LARGE and LOW recaoil.

2. At LARGE recoil there is a further FF relationship:
2Ek-mpV (¢°) = (mp + mg-)?A1(¢°)

ALP + |ATP - |AFP - |aRP

so we can build observables “clean” at large recoil only, e.g
AT+ |ATP + AP + |41

3. IMPORTANT to determine up to which point “cleanness”is preserved when we include:

e Perturbative corrections.
 Non-factorizable corrections.
e Power corrections.

R i T T A S S 1.0 r——r—————————r————r—r——r———r—r—
| p = AL =14 _
02 - ‘AJ-P + ‘14|||2 : osF T ———
- ().oi— = 06 F
! B 2
-02F - 04 FL _ ‘AO‘
| ] ' Aol + [AL|* + 4y ]
All FFs ]
_()_‘ 2 N A 02 ........................
] 2 3 4 5 6 ] - - 4 5 6
& ((;cv:) g (Gev?)
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“Clean” Observables - o©bservations

1. All such observables are “clean” both at LARGE and LOW recaoil.

2. At LARGE recoil there is a further FF relationship:
2Ek-mpV (¢°) = (mp + mg-)?A1(¢°)

AT + AT — Ay - \Affz

so we can build observables “clean” at large recoil only, e.g
AT+ |ATP + AP + |41

3. IMPORTANT to determine up to which point “cleanness”is preserved when we include:

e Perturbative corrections.
 Non-factorizable corrections.
e Power corrections.

4. Should test the FF relations: Data vs. LCSR’s vs Lattice QCD
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5. BINNING also “uncleans” observables. But it can be shown to be negligible.
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“Clean” Observables - o©bservations

1. All such observables are “clean” both at LARGE and LOW recaoil.

2. At LARGE recoil there is a further FF relationship:
2Ek-mpV (¢°) = (mp + mg-)?A1(¢°)

ALP + |ATP - |AFP - |aRP

so we can build observables “clean” at large recoil only, e.g
AT+ |ATP + AP + |41

3. IMPORTANT to determine up to which point “cleanness”is preserved when we include:

e Perturbative corrections.
 Non-factorizable corrections.
e Power corrections.

4. Should test the FF relations: Data vs. LCSR’s vs Lattice QCD
5. BINNING also “uncleans” observables. But it can be shown to be negligible.
6. CP Violation: All the formalism can be repeated for CP averaged + CP violating observ.

P;)  (PyY)
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Clean VS. Unclean

........................ O S e S S S S E o e S
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optinmal sets of Observables (Bases)

1. Best compromise: Theoretically clean vs. Clean experimental extraction. Short term.

{dr/dq27AFvalvp27P37P417 5/7Pé}

2. CP-violating basis:

CP CP CP CP /CP /CP ICP
{ACPaAFval 7P2 7P3 7P4 7P5 7P6 }

3. Compromise LOW+LARGE recoil (future):

{dr/dqz,AFB,Pl,P4 — Hél)ap5 — H;2)7P8 — H}LL)?HéB)ng))}

Relationships between different Clean Observables:

Pisg = H(192a4)

Pr=AY| 2P, = AN | 2Py = —A(™
2P 2P
Hg’) _ 2 H}E’) _ 3

J1-P?

J1— P2

Rencontres de Moriond 2013

Kruger, Matias 2005

Bobeth, Hiller, van Dyk 2010,2011,2012
Becirevic, Schneider 201 |

Matias, Mescia, Ramon,Virto 2012
Descotes-Genon, Matias, Ramon,Virto 2012

Descotes-Genon, Hurth, Matias,Virto 2013
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SM Predictions in All g2
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SM Predictions in All g2
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SM Predictions in All g2

Descotes-Genon, Hurth, Matias, Virto 2013

Soow to test:

Bin (GeV?) (P)=(A7)  (R)=347")  (P)=—}4;")
1,2] 0007 332 8% 0402 G FEET  —0.003G G558
01,2 0007 $GRE 0TSRRI 0002 GG B
2,43] -0052:8337888% 02087 80E —0.00483R 00
43,868]  —0UTZPRETRYE —0408*HTHENE  —0.001 G GEE
10.09,1289] 01817833700 —04817GERHET 0003705
14.18,16] 035270 RTRRE —0.449TGR KL 0004758852
16, 19] 06037 G0 —0sTaGIHGE  0.0037 583150
1,6] ~0056708R00%  0080T5ER00 —0.003150RE 0 0R]
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New Physics Complementarity: An Example

vvvvvvvvvvvvvvvvvvvvvv

-

Osh —
.

b -

- «— Point a

Descotes-Genon, Matias, Ramon, Virto 1207.2753
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Un-blinding B — K*(— Kn){™-

Descotes-Genon, Matias, Ramon, Virto 1207.2753

1. Constraints on C7, C7’ (all other NP to zero).

L] L] T T
o\ | R e

,,,,,,,,,,,,,,,,,,,,

1.0f

,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,

,,,,,,,,,,,,
----------

-

~0.10 ~0.05 000 0.05.

1]

~10:

1 1 l

. _ ~05 00 05 10 15
5C, 0Cr

BR(B — X))  (Aps(B— K0 ))ug
ACP(B — K*’)’) <FL(B — K*;ﬁu"))[l,ﬁ]

ONLY B —K*(= Kr)ltl-

- Central values equal to SM predictions.

- Errors = 0.10 (similar to present exp. errors).
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Un-blinding B — K*(— Kr)(T(

. D _Genon, Matias, Ramon, Virto 1207.2753
1. Constraints on C7, C7’ (all other NP to zero). escotes-senon, Matias, Ramon, Virto

1.0f;

05!

500
o
05|
10| . o RIS i s omw _ois
~05 00 05 10 15 05 00 05 10 15

5C- oCr
ONLY B —K*(—Kr){T(" BRIE = ij) (Arp(B ~ K" s
Acp(B = K™y)  (Fy(B— K'y" 7))
AI(B o XS'Y)

- Central values equal to SM predictions.

- Errors = 0.10 (similar to present exp. errors).
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SUMMARY

- B—=K*(—= Kn){"/~ will provide the strongest constraints on radiative and
semileptonic operators.

- However: It is important to consider theoretically CLEAN observables

{dU'/dq?, Arp, Pi, P>, P, P, PL P}

- P4, Py, P3 can be already extracted from experimental measurements, and
already impose interesting constraints on C/7 and C7’.

- We must pay close attention to developments in this topic in next months!!!
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- Many people have worked on these ideas regarding 5 — K*u+u_

Experiments:

Belle Collaboration 0904.0770[hep-ex]

CDF Collaboration 1108.0695[hep-ex]
BaBar Collaboration 1204.3933[hep-ex]
LHCb Collaboration LHCb-CONF-2012-008
LHCb Collaboration 1205.3422[hep-ex]

SM & Angular Observables
Beneke, Feldmann, Seidel 0106067, 0412400

Kruger, Matias 0502060
Bobeth, Hiller, Piranishvili 0805.2525

Model-Independent Constraints

Descotes-Genon, Gosh, Matias, Ramon | 104.3342
Bobeth, Hiller, van Dyk 1105.0376

Altmannshofer, Paradisi, Straub | | | 1.1257
Bobeth, Hiller; van Dyk,Wacker |111.2558
Beaujean, Bobeth, van Dyk,Wacker 1205.1838
Altmannshofer, Straub 1206.0273

Becirevic, Kou, Le Yaouanc, Tayduganov 1206.1502
Mahmoudi, Hurth 2012

Descotes-Genon, Matias, Ramon,Virto 1207.2753

Egede, Hurth, Matias, Ramon, Reece 0807.2589, 1005.057 |
Altmannshofer, Ball, Bharucha, Buras, Staub,Wick 0811.1214

Bobeth, Hiller, van Dyk 1006.5013 + 2011,2012
Matias, Mescia, Ramon,Virto 1202.4266
Camalich, Jaegger 2013

Descotes-Genon, Hurth, Matias,Virto 2013



FORM FACTOR issues

* We use the FF’s computed from LCSR’s with B-meson DA’s

and SE parametrization for g2 dependence: Khodjamirian, Mannel, Pivovarov, Wang, 2010
. . F(0) m% 1 , )
Form factor  F(0) br mp (GeV) F(S) = o 1+ bp | 2(s, to) — 2(0,1y) + 9 (z[s, tg] - 2[0, tg] )

2 _

V(g?) 0.3670%  —4.8708 5.412
A(g) 025701 034708 5.2 2(s,m) = Ym0
| VT —8§+/T =7

Ax(¢®) 023701 —0857%8%  5.829

- ; . T+ = (mp £ mK*)za To =T+ — VT4 — T—y/T+.
Tu@®) 02201 _103%2% 580 4

Much more conservative ervors thaw e.g. Ball-Zwicky 2004
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* We use the FF’s computed from LCSR’s with B-meson DA’s

and SE parametrization for g2 dependence: Khodjamirian, Mannel, Pivovarov, Wang, 2010
. . F(0) m% 1 , )
Form factor  F(0) br mr (GeV) F(s) = R 1+bp | 2(s,t) — 2(0,8) + 9 (z[s, tg] — 2[0, tg] )

2

V(g?) 0.3670%  —4.8708 5.412
Ai(g?) 0257018 (347088 5g99 2s,mp) = Y r— = VI+ 70
- : VT —S§+ T+ — T

Ax(¢®) 023701 —0857%8%  5.829

- ; . T+ = (mp £ mK*)za To =T+ — VT4 — T—y/T+.
Tu@®) 02201 _103%2% 580 4

Much more conservative ervors thaw e.g. Ball-Zwicky 2004

* At LARGE recolil: all FFs can be expressed in terms of soft FFs + corrections:

2F

Ai(g°) = ——— mK‘éJ.(QQ) +AA + O(A/my)
Ax(¢) = - 61(¢") ~ (e + G me T Ay + O(A /m)
E §(q")

Ao(qz) =

mx- A (¢2) + O(A/my)



FORM FACTOR issues

* We use the FF’s computed from LCSR’s with B-meson DA’s

and SE parametrization for g2 dependence: Khodjamirian, Mannel, Pivovarov, Wang, 2010
. . F(0) m% 1 , )
Form factor  F(0) br mr (GeV) F(s) = R 1+bp | 2(s,t) — 2(0,8) + 9 (z[s, tg] — 2[0, tg] )

2

V(g?) 0.3670%  —4.8708 5.412
3 . n Qo J— S — ' — .
Ai(g®) 025701 0347085 5829 (s, 7)) = Y+ VT~ To
- - VT — 8+ /T =T

Ax(¢®) 023701 —0857%8%  5.829

- ; . T+ = (mp £ mK*)za To =T+ — VT4 — T—y/T+.
Tu@®) 02201 _103%2% 580 4

Much more conservative ervors thaw e.g. Ball-Zwicky 2004

* At LARGE recolil: all FFs can be expressed in terms of soft FFs + corrections:

| oOF .» $

2\ __ 2 Y A
Aq?) = o E(q”) + B + O(A/m) % §

.~ . .f + M 5
As(g?) = — 2 [e.() — €(¢%)] + B BT AL, L O(N/my) T

mp — Mg- 2E mp — mg-

- E &(q*)
2\ I
AO(q ) o Mg~ A‘ (q‘Z) + O(A/mb) (ong enters in At amplituole, suppressed bg m " 2/5)




FORM FACTOR issues

* Treatment for AO(q”2):  Vvery conservative

)
4 -
— LCSR’s (KMPW)
—— 3 B
RONE
=< E §(q*)
2r 4 2y _ I\q
. Ao(g) m- A (@) + O(A/my)
1 -
0 i 1




FORM FACTOR issues

e At LOW recoil: we have the FF ratios:

T:(q?) T)(q?)

2 2
— R q° Tx(q”) Bobeth, Hiller,Van Dyk, 2010
2y ? 2

V(g*)

A;(g?) T m% Ay(g?)

R,

&
|



FORM FACTOR issues

e At LOW recoil: we have the FF ratios:

R, = Ti(g 2)‘/32

2 2 2
zz(qz)) ‘/ Ry = 42 T3(q°) Bobeth, Hiller,Van Dyk, 2010
1(g

V(g?)’

Lattice: Becirevic, Lubicz, Mescia 2007



FORM FACTOR issues

e At LOW recoil: we have the FF ratios:

2
Ty(q%) x Bobeth, Hiller,Van Dyk, 2010
2 Ay(g?)

Grinstein, Pirjol, 2004
The 1/mb scaling does not seem . q° T,

, , Ry = ;
to b tent with LCSRs S 4 : : 4
0 be consistent wi mpg Q%Ag(qz) — (1 + %) Aq(g?) + (1 - 23) Az(g?)




FORM FACTOR issues

e At LOW recoil: we have the FF ratios:

q° T3(¢g°) x Bobeth, Hiller,Van Dyk, 2010
B Aa(g?)
~0.4!11
Grinstein, Pirjol, 2004
The 1/mb scaling does not seem . q° T,
to be consistent with LCSRs R3 =

bz (1)) (- 2D

Sawme oroer!!!l



FORM FACTOR issues

e At LOW recoil: we have the FF ratios:

2 (2 2 T (2
R, = 7‘;1((;12))’ ‘/ R, = T'Z(q')) ‘/ Ry = 7 T3(q’) X Bobeth, Hiller,Van Dyk, 2010

Ay (q? mi Ay(g?)
~0.4111
Grinstein, Pirjol, 2004
The 1/mb scaling does not seem . q° T,
to be consistent with LCSRs Ry =

B 27w Ay(g?) — (1 + "—‘;) 1(g%))+ (1 - %,L) Az (g?)

Sawme oroer!!!l
e We use R1 and R2 with 20% 1/mb correction, BUT NOT R3
T — N e e 5 T —
2.5 ; 1.2} ] 1.2| } 2.5}
10l ] 10|
Sog) | Sos
< < |
0.6 j 06!
ol ] 02l _ |
0 12 14 16 18 0 12 14 16 18 0 12 14 16 18 10 12 14 16 18

74 (GeV?) 4(GeV?) q*(GeV?) g*(GeV?)



S-wave contribution

S-Wave: [Becirevic-Tayduganov, Matias, Blake-Egede-Shires]
WO T 1 dAT 9 [/2 4
L of \ . =~ = —Fg + —Agcosb ) sin” 6
& \ : Ltun dg2 d cos O d cos Oy do 167 {(3 ~ 377 ~ ¢
T 107k /ﬁ' \__ E )
“g‘ - / ] [ZFL cos? Oy sin? 6, + §FT sin? O (1 + cos? 6;)
E 104 / — 1 . 2 . 2 n )
5 | S —l—§FTP1 sin® Oz sin” 0y cos 2¢ + 2F 1+ Ps sin” 0 i cos 0,
1&- E ;l/’
‘ ¥ |
107 05 1

: , — F'r Ps5 sin? @ sin? 0, sin? qg]
/ GeV

n principle a fit to the whole (folded) distribution can disentangle the S-wave contribution

Also, model-tndependent bounds can be set on the interference terms:
3

167

Ag < 2V3\/Fs(1 — Fs)F, ——> As<0.044 for Fg~ 7%

Similar bounds for other interference coefficients of the order of few per mille



