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Introduction

In the SM mixings between quarks occur in the CC

Lcc ~ _iw,j—DLVCKM’Y#DL + h.c.

V2

which are well described by the CKM matrix?

Ved Vus Vb €133 5 S12€13 )

— yuydt _ o S Con—CS S Y v 0 —g g g el
Vekm = Vi VLT = Vea Ves Ve | = S12€23 7 C12923513°€ Sra%3 %19 %93%18%
4 . . 2 _ . Y (2

Via Vs Vi S12523 7 C12C23513¢ C12823 ~512C23513¢

1—-22/2 A AN (p —in)
= Y 1-A2/2 AN? +00Y.
AN(1—p—in) —AN? 1

where? |Vs| ~ X ~ 0.2255, and

sm=a= Al 2| Y

Vl‘/ud‘2+‘vus‘2 ’ Us

5 : AN (5 + if)VT — AZNT
51360 = Vi = AN (p+in) = (P + i7) ‘

=221 — A2M(p+in)]

M. Kobayashi and T. Maskawa, PTP 49, 652 (1973).
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Current status®
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Experiments expect to reach the % level in the near future.

3K.A. Olive et al. (Particle Data Group), Chln Phys. C, 38, 090001 (2014).
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Flavor Changing Neutral Current
In the SM FCNC are supressed at the tree level.
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The CMS and LHCb collaboration, Nature 522, 6892 (2015).

They are induced by loops and are sensitive to new physics (NP) effects.
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FCNC experimental results

Branching Ratios

CMS and LHCb (LHC run I)
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Sm?
LHCb and CMS:
Br(B? — ptp~) = (3.66 +0.23) x 10~°
0 +,,=) — +0.7 -9
Br(Bs — p"pu™) = (2.8255) x 10 Br(B® — ™) = (1.06 £ 0.09) x 1010

Br(B® — utp~) = (3.918) x 10710

“Bobeth et.al. PRL 112 (2014) 101801.
Agree with SM at 1.20 and 2.20, respectively.
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Angular Observables* in B — K*¢t ¢~
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Figure 2 — The angular observables Fi,, Arp, S5 and P; overlaid with SM predictions from (purple) Ref.*** and
‘orange) Ref. >*.

4LHCb coll., PRL 111 (2013) 191801. Straub et. al., Eur.Phys.J. C75 (2015) 8, 382.
Mathias et.al., JHEP 1412 (2014) 125 and 1305 (2013) 137.
S. L. Tostado (CINVESTAV-IPN)

B~ — (7 /K)

ot



Tests of lepton universality

Ratios®
Ro. — Br(B® — D*Trv;) @)
P* 7 Br(BY = D*t 1)
* R(D*) also measured by B factories e 92.66
0.332 0024 + 0018 T
* All current measurements based on oo == 1.80
events with leptonic tau decays (1507.03233
LHCb 2 10
0.336 + 0.027 = 0.030 =
¢ Belle, Babar results statistics dominated AN 3.00
0.322 0018 £ 0012 T 1 =
SM prediction
0252 0.003 u
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®Kamenik, talk given at Jozef Stefan Institute. LHCb, PRL 115 (2015) 111803.
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0.5

= BaBar, PRL109,101802(2012) sz =10
045 = Belle, arXiv:1507.03233
LHCb, arXiv:1506.08614
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e SM prediction for R(D) based on LQCD

J.FK. & Mescia, 0802.3790

(R(D)SM =0 297( 17)) see also

Bailey et al., 1206.4992
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We are interested in

i 6.
the ratio™: -@-LHCb -m-BaBar —aBelle
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2 ax AU[BT > K+utpu—
.quz_ [ qu php ]dqz
By = fqﬁmx dU[Bf »K*eten] g0’
Y dg? T = 0.745%3:9% (stat.) + 0.036(syst.)

®LHCb, PRL 113 (2014) 151601. Babar, PRD 86 (2012)031012. Belle, PRL 103 (2009)

171801.
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If tensions are due to NP...

Tree-level new physics in b — sy~

Neutrinos: See Prof. Valle talk.
7

"D. Straub, talk given at Rencontres de Moriond (2015).
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This talk

Could this anomaly be caused by a missing process ?
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Weak efective hamiltonian for FCNC

For Bt — (K, m)T¢t(:
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Weak efective hamiltonian for FCNC

4Gp
V2
with the CKM combination \; = VjV;% and

Her =
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HY = € (0% — OF) + Cy(05 — OY).

07 = %NLI,(EU,”,PRI))F“". 0% = %mb(E(T,u,PLb)F’”’,
g g
1 1
Og = E77L;,(EOWT"P1?11)G’”’", (’)g = 5mb(.§(7H,,T"PLI))G“’"".
&2 &2
Oy = ?(QWPL”)(#/ 1), Oy = 72 W PRb) (17" 1),
& M / e "
O = ?( YuPLb) (v s 1), O = qz(WﬂPRU(/W Ysh)s
T2 2
e @
Os = 15=3mb(5PRY) (p), O = {52 (5PLb) (in),
e? e?
Op = 1 (5Pt i), O = < gma(5PLD) F5h).

S. L. Tostado (CINVESTAV-IPN) BT — (w/K)Tete— November 5, 2015 14 / 38



Four quark ope

e O

O O1-6 O1-6
(a) (b) (c)

Fig. 1. Leading contributions to (y*I?*lHefflﬁ). The circled cross marks the possible insertions of
the virtual photon line.

Pr= (SpvuTcr)(eLy*Tbr)

Py = (5pyucr)(Cpy"by)

Py = (3pyubr) Xq(00"q)

Py= (817,T%1) Zo(@v*Tq)

Ps = (307 YuaVusOL) Xo(@V* #2743 q)

Ps = (5r%uVuYusT70L) Xg(@y*1y#2y#3Tq)
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Weak efective hamiltonian for FCNC

GF e
T .l v 8 Vo
Hefr 5 Vs

X ((,’7? (504, Prb] FI* +Cy [57, Pb] [04"€] +Cyq [57, PLb) [ 750 ) +h.c.

with the matrix elements

2 a2
(K (p) 57,1 B(05)) = (295 — Q)ufs(¢?) + %qu[fow?) @),

I g g fr(a®)
(K (p)|5i0,a b Bpp)) = ~[2p5 — a)ua® = (M5 — Mi)a) 31 5
similar for B — m. All of them related to a single form factor £ (q%) = £p(q?) in
the limit mp — oo (Isgur-Wise).
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GFae

V2r

M[B— Kll| =i VioVii €p(q°) (Fv P [l + Fapl [ (@

+ (Fs + cos O Fr) [ll] + (Fp + cos 0 Frs) [175”)

the leading contributions comes from

2ms Tr(q7)
Fv=Co+~—— , Fa=C 3
v 9 Mg €(¢?) A 10 (3)
with u
To(@®) = &(a°) | G0+ 2 YO (4)

Co = 4.214 and Cjp = —4.312 have been computed at NNLL® and C£ at NLO®.
WA included in Y(©.

8Beneke et.al. NPB 612 (2001)25.
°Buras et. al., Rev. Mod. Phys. 68, 1125 (1996)
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The form factors are taken in the form

0.918 0.675
2 _ _ 2
(7)) = T3 GvE  1-q618 Gove T @)
0.0541 0.2166
¢(q®) = + +Px(q?),

1-¢?/(541 GeV)?  [1—q2/(5.41 GeV)?]

where Pp(q?) is a polynomial®.

1%Ball, Zwicky, PRD 71 (2005) 014015.
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SM prediction
SM — F_/qu dg? (@)X (|Fal® + |Fv )

3
4 2 2
m; ms q Aqcp
x{1+(9( >+WXO<QS,E 7 >}

b GradVyVaP
A= M+ Mj + q* — 2MEMFE + Mq® + M:q?), ~° = ~ 5127003,

9min

with: _
B — Kl
SM value Ep[%)] [ %]
F0.51 29.9 2.0
B 1.60Z0 46 J—r‘z?,o tl.s
s +0.40 +29.4 +2.2
1.277 56 —26.6 —2.1
+0.59 +29.2 +2.2
[10-7] 191755, —~26.6 —2.2
1.59+0-48 +28.7 +2.4
-99_0.44 —~26.0 —24

for (q2m. Gaa) = (1,6)(2,6)(1,7)(2.7)GeV?, from top to bottom'!
1Bobeth et.al., JHEP 12 (2007) 040.
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An interesting observable
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Long distance WA contribution to B — (7/K)=(T4~
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LD WA contribution to K+ — wH¢+ ¢/~

has been previously considered by Ecker, Pich and Rafael'?.

Penguin type (when quark structure is resolved)

¥(a) ¥(a)
- K
n
K K Tt

K(p) n(p) K(p) w(p) K(p) w(p)
(a) (b) (c)
¥(a) ¥(a) ¥(q)
K, %0 KT K, Meson em
FF type
K(p) w(p) K(p) m(p) m(p) K(p) K(p) m(p)
(d) (e) (f)

Fig. 2. One-loop diagrams for K — #*y’ which can lead to terms in the amplitude proportional to
*(p+ P"),- The notation for vertices is as in fig. 1.

Ecker, Pich and Rafael, Nucl. Phys. B . 291 (1987) 692.
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The decay amplitude corresponding to WA
WA e~ m WA
MLD = ?6’}/ EMN (5)

where MZVA denotes the effective hadronic electromagnetic current coupled to
the leptonic current. Conservation of the electromagnetic current demands

2 _ m2

m
MZVA = |(ps + PP)yu — %qu F(q2) ) (6)

where only the first term within square brackets gives a non-vanishing
contribution.

q”é_’yué =0, we can also replace (pg + pp),. — 2ps, J
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LONG-DISTANCE WEAK ANNIHILATION CONTRIBUTION .

BTSN SR

(b) ©)
g — Prete- g
()
E.j

) (h)

SRR

subleading in the 1/N¢
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The leading order one-photon exchange (WA) amplitude corresponding to the
diagrams (i) and (j) can be computed taking into account that

(037"(1 ~75)b|B™) = ~ifs ply, (P Du(1 — 35)ul0) = i fpppyi,  (7)

and is given by

1
M = V2Gr(4ma) Vi, Vipfafp
LD,WA ( ) D qz(sz — m,%,)

x [mg (Fp(q®) — 1) — mp (Fa(q®) — 1)] pplyul.  (8)
where fx denotes the decay constant of the pseudoscalar meson X according to

the PDG 3 conventions for fx . g and Fx(q?) is the electromagnetic form factor
of the corresponding meson.

*PDG 2014
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Long distance WA contribution to Cy

Due to the vector nature of the one-photon exchange contribution, its amplitude
can be absorbed into the contribution of the Oy operator in the SM amplitude
under the replacement

er(A)Fy —> Ep(q2)Fy + rpm [5’("’:31} , (9)

where
ViV, fafp

10
Vs Vi ms —m (10)

a2
Kkp = —8m 7 -

Note that kp ~ O(1072) x % so that its influence is governed by the ratio of
tD

CKM factors which is ~ O(X°) for P = 7 and O()\?) for P = K.
This suggests a larger effect for B~ — 7w~ ¢+~ transitions but a detailed analysis

of the electromagnetic meson form factors is needed to confirm these
expectations.
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They are important in the 1GeV region, where theory is better controlled

v

Two different approaches are used

Resonance Chiral Theory (Ecker et.al. Nucl. Phys. B . 321 (1989) 311)
Gounaris- Sakurai parametrizations (PRL 21 (1968) 244)
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7 electromagnetic form factor
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K electromagnetic form factor
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2

) (GeV?)

g
<
2

There is a huge breaking of lepton
universality.

(UD)dI/dm, %) (GeV™)

It is important only for
q* < 0.3GeV2.

Its effect is always smaller than the
SD contribution

RM = 1+(@B+1)x107*
REM = 14(64+1)x107*
REP —1 = 01075 (P=K,n)

(1/0)(dTdm,*

le-12—

L | B Lo L
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2 2
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Matching of the Ry T and SD descriptions of the WA

contributions

2 2
For q S Amatch
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Smooth matching between the LD and SD WA

contributions

; . I . .
10 /i .
I
!
e E
3 B et - e
Vi
- L& r, ___________ =
L 1T S ——
N Lif -
B . :,:f Kt --- Imaginary part| |
@) s --- Real part
e
-10 :, ?"I -
!
R i
§
\ . I . | .
0 2 4 6 8
2 2
q (GeV)
S. L. Tostado (CINVESTAV-IPN) BT — (m/K)Tete—

November 5, 2015 32 /38



Smooth matching between the LD and SD WA

contributions
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B~ — w4t~

B~ — K 4T¢~

0.05 < ¢° < 8 GeV?

1< g% <8 GeV?

1< g% <6 GeV?

LD (9.06 £0.15) - 10~° (4.74+£0.05)-10"10 (1.70+0.21) - 107°
interf. (—2.574+0.13) - 10~° (—2%2)-10-10 (-6+2)-10"1

SD (9.574%) 1070 (8.43753L) - 1070 (1.907%8%) x 107
Total (1.6179733) - 10— (8.69743) - 1079 (1.92793) x 107
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B~ — w40

B~ > K (70~

0.05 < g° < 8 GeV? 1< g% <8 GeV? 1< g% <6 GeV?
LD (9.06 £0.15) - 10— ° (4.74+£0.05)-10"10 (1.704+0.21) - 10~°
interf. (—2.574+0.13) - 10~° (—2%2)-10-10 (-642) 101
SD | (95771%) 100 (843743%) 1079 (1.907958) x 107
Total (1.617933) - 10— (8.69743) - 109 (1.9279%3) x 107
68% 1%

Current accuracy is sensitive to it! Still ideal place to look for NP.

Very large hadronic contamination. It is better to take g% > 1GeV?.

For the fully integrated rate, the LHCb!* 1> measurements

(23+£0.6+0.1) x 1078
(1.83 £0.24 £ 0.05) x 10~8

Br(B~ —m £t¢7)
Br(B~ —m £te™)

Brel  n(B~ = eteT) = (2.679%) x 1078 (11)
“Ali et.al., JHEP12(2012)125.
BarXiv:1509.00414
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CP violation

A direct CP assymetry can be generated

[(B* = PHeH) —T(B~ — P 1*0") 12)
[(BY — PH+e~) + T(B~ — P—(+(~)

Acp(P) =

from the interference of the SD and LD diagrams, such that

Acp = (BT = PHTT)—T(B™ = P (H0)
= —32a°GEfpfglm { Vi Vi Vi Vup
8 /dqz/dm; 2(Pg - Py)(Pg - P-) - Msq” (13)
a*(Mg — mp) 2

xIm {¢p(q®)Fv(q°) [M3 (Fp(q®) — 1) — m} (Fa(q®) — 1)]}

where s1o = (px + p1)>.
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(16.1+1.9)%, for P =, 0.05 < g? < 8 GeV?,
Acp(P) =14 (7.8+29)%, forP=m, 1<q®<8GeV? (14)
(—1.0+£0.3)%, forP=K,1<q?<6 GeV2

(G2 Gax) Hou®® [%] | Our results'” [%] | Khodjamiriam®[%)]
(1,8) GeV? 13+2 7.8+29 -

(1,6) GeV? 1642 92417 (14.3733)
(2,6) GeV? 1372 7.7+05 -

Recently, for P = 7 (LHCb'?)

Acp = 0.11+0.12+0.01 , (1,6)CeV? (15)

®Hout et.al. PRD 90 013002 (2014)
A, Guevara , G. Lépez-Castro, P. Roig and ST, PRD 92 (2015) 054035.
8Khodjamiriam et.al. 1506.07760.
R, Aaij et.al. arXiv:1509.00414.
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Conclusions

One-photon exchange contribution to the rare B* — P*(*{~ decays,

P=morK.

Its effects in BR of the P = K case ~ 1% with respect to the (top quark loop
dominated) SD contribution for 1 < q*> < 6 GeV2.

The corresponding effect in P = 7 turns out to be significant in integrated
observables starting close to the threshold.

We suggest to take the range 1 < g* < 8 GeV? for precision measurements.

More refined measurements of the fully integrated branching fraction for this decay
could be sensitive to our contribution.

CP asymmetry is large in the case of a pion in the final state for 0.05 < ¢*> < 8
GeV?, but also sizable and worth measuring in the 1 < g% < 8 GeV? interval.

Our CP violation results are smaller than those obtained from SD because of the
different description (origin) of the WA amplitudes at low energies.
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