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Overview

In the Standard Model, “b—s” transition only occurs at a loop level,
which then, is sensitive to new physics.
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Many b—s processes were measured by several experiments.
In particular, LHCb collaboration has improved their results.
Today, | will show you summary of experimental results.




Overview

For more details, | summarize the following processes:
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b — sv:

b — sbl .

B— X,y B— Ky

B — Xoutp~

B — KWyt~

By — ptp”
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From the above observables, new physics is constrained in terms of

Wilson coefficients, which are so calledas (-, (g, (g
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Effective operators

Effective Lagrangian relevantfor b — sy and b — s/ /" is given by

( )

Lot = 2V2G ViV, QE:CW7+C@w+hC

L5167

* Ci(/) : Wilson coefflc:|en1' ("effective vertex”)

* (9§’> : effective operator

\_ J
Traditionally, these operators are defined as follows (O Bn < Br)
4 )
b — s+ others: s *Today, we don't consider

scalar & tensor type operators
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b— sv: OF = (50, Prb) FH”
e

b— stl: Og = (gﬁ/luPLb) (Z’}/’ug) D10 = (E’YMPLb) (Z”y’u”y5€)




SM contributions are calculated and obtained as follows:

[CiszMJrC%\IP (i:7,9,10)j

SM prediction with NNLL accuracy:
El = =030 e = Ao SO s

CLSM(1)) = CESM(p) = C/SM(p) ~0  atscale p=myp = 4.6GeV

Note that Oé’) can contribute to » — s/ /~ process:

O7 is sensitive in low q”2 region
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0 = (o )




Processes

S X o

B : meson which contain O together with u or d

X, : sum of all meson which contain s (inclusive mode)

=
Observable: Branching ratio

BR (B — Xs7)

= (3.5540.26) x 10™* Belle +BABAR +CLEO

exp.

BR (B — X¢¥)gy = (3.15+£0.23) x 10°*  NNLO

Status: SM prediction is consistent with exp. within 20 region

NP sensitivity: C7, C” BR (B — X.v) x |Cq + Cl|°
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B — K™~

A collective term for B° — K*Oy and B’ — [_(*Oy

B° (db), B°(db), K*°(ds5), K*°(ds) K* = vector meson

4 )
Observable: Time-dependent CP asymmetry

) = K*%) —T(BY(t) = K™
[(BO(t) — K*0) + T(BO(t) — K*07)

=
el

@)
-

= Sk Sin(AMgt) — Cg+~ cos(AMgt)

St = —0.16 £0.22 Belle + BABAR
SIM ~ 27 gin(28) = —0.023+£0.016  Lcsr

my
Status: both are consistent with O and have large exp. error

21m (6_27:50704)
Cr|? +[C7[2

NP sensitivity: C7, C- Sgcrn




B Xl

Note:

2

Gi— (p€+ Dy— )2 distribution can be measured, but charmonium (cc )

resonance exists around 6(GeV)? < ¢° < 14.4(GeV)?.
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Observable: Partial BR
BR (B — XSZW_)

BR (B — X0+

BR (B — X (1)

exp.

exp.

SM

= (1.63 £ 0.50) x 107°

o P < 6(GeV)?
1 = (1 59 + 0.11) x 10~
owg?
= (43+1.2)x10°°
highg? 5 5
14.4(GeV)* < q
= (2.3+£0.7) x 1077
highg?

Status: SM prediction is consistent with exp. within 20 region

NP sensitivity: CS’), Cfg) and Cé’) for low ¢° region




B0 K* = vector meson

Note:

; : T e il .
- Charmonium resonance also exists in ¢ distribution

- K* is identified using K* — K, so final particles are (Km{"(")
which are all directly measured.

\

All the angular distributions are available ! (9 observables)

- Charge conjugated mode is also available

\/

# of the observables get twice ! (18 observables)

Rough definition:

dT(BY — K*(— K—nt)e+e)
dq2 d@l d(92 d(gg




B0
Precise definition:

d‘T'(B° —» K*%(— K—7t)¢te)
dg? dcos 8y dcos Ok~ do

9
— F(C]Q, 6)67 9K*7¢) = ZIZ(QQ)fZ((QE? 9K*7¢)
G =4k

d*T(B? - K*(— KTn~)¢t4)
dg? d cos Oy dcos O~ do

9
:F(qQ,(gg,@K*,Qb EZ fz Qg,eK*,qb)

F(q2, 0o, O+, @) = Ij sin® O« + I cos? O» + (I sin? Oc» + IS cos® O+ ) cos 26),
+ I3 sin® Ok~ sin® 0 cos 2¢ + I, sin 20k~ sin 26; cos ¢
+ I5sin 20« sin 0, cos ¢

+ (1§ sin? @« + I cos? Or+) cos ) + I7sin 20+ sin 0, sin ¢

+ I sin 20k~ sin 26, sin ¢ + Iy sin® O~ sin® 0, sin 2¢ .

Complicated !



B0

-

-

Observable(1): FB asymmetry

1 0 B F f
AFB(qz) :/dCOSHK*d(b </ —/ )dcosé’g (F—F)/d d_lq_;l
0 1

Theory EEBinned
—o—LHCb

Arg
—
L
O
O

0.5;_ +T ¥_

LHCb, arXiv:1304.6235

¢ SM prediction (distribution)
Hl : SM prediction (bin)

-0.5

15 20
¢ [GeV?/cH]

No data due to charmonium resonances

Status: SM and data are consistent with each other

NP sensi‘l'ivi'l'y: C-, Cy




Bk
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Observable(2): K* polarization LHCb, arXiv:1304.6235
_ dl' + dT
2\ c(2\ __ TJC(,2
Fr(q”) = (]2(q ) — 15(q ))/ dq> (The paper chose this)
Theory I Binned “O"'hef' SM pf'ediCTion"¢
o Lo T T T T T e s |
HHCb
o : “ “same data”
Oo”"fls""1l()””1|5”'2'20 T S T
q* [GeV/c*] 42 [GeV?]

Status: Two SM predictions which result in different status

NP sensitivity: Cél), é/)a Cﬁ))
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B

=
Observable(3): "optimized” quantity LHCb, arXiv:1308.1707

4 1 0 3m/2 7/ 37 /2
S5(q2):—§/dc0895 (/ —/ )dCOSHK* (/ _/ / dqﬁ dF+dF
0 —1 /2 0 27

O o8
0.6
0.4
0.2

: SM prediction (bin)

+
M

-0.2
-0.4
-0.6

S ++

-0.8

q [GeV2/c4]

Status: Large deviation in low q”2 region ?

NP sensitivity: C\, Cy, Cl,

\_




Bk Recent update

4 )
Observable(4): q”2 distribution of BR LHCb, arXiv:1403.8044

EN].CSR Lattice —&-Data

B"— K " u u Bl : SM from QCD sum rule
LHCb -
: : SM from Lattice study
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LI LI |

dB/dq2 [10°® x c4/GeV?]

L+
v

i A
0 5 10 15 20

g [GeV?/c*]

Status: Small deviation from SM ?

- J

Note:

"Recent update” is not included in the analysis which I will show



B— Kutu~ Recent update

Note: K = pseudo-scalar meson

- Full angular analysis can be done,
but for now, only q”*2 distribution has been measured

- In the B— K transition, y cannot intermediate
due to their spin property, thus, O§’> never contributes

z
Observable: q”2 distribution of BR LHCb, arXiv:1403.8044

Em.CSR Lattice —e—Data

EN]L.CSR Lattice —e—Data

B'— K’utu
LHCb

B"— Kyt
LHCb -

dB/dg? [10°® x c*/GeV?]
dB/dg? [10® x ¢*/GeV?]

0 5 10 15 20 0 5 10 15 20

¢* [GeV?/c4] ¢* [GeV¥/c4]

Status: Data all have lower values than SM predictions
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B, — putp

Note:

- This mode was finally observed in 2013
; O§') cannot contribute as well as B—K transition

- Because of “pseudo-scalar - vacuum” transition,
only axial vector current (o§’3) can contribute to this mode

‘
Observable: Branching Ratio

B(Bs = pt i exp = (2.9 £0.7) x 1077 LHCb + CMS

B(Bs — ptp )sm = (3.23 £0.27) x 1077 NLO by Buras et.al.

Status: SM prediction is consistent with exp. within 10 region

NP sensitivity: O\

\_




Summary of status: (* = The most recent update)

Process Observable SM vs DATA

ol C Branching Ratio (BR) consistent (<20)

B — K™~ CP asymmetry consistent with O

B X Partial BR consistent (<20)

B K* ,u+ e FB asymmetry consistent
K* polarization deviation <
S5 large deviation S
BR small deviation*

B— K ,LL+ L% BR small deviation®

By — ,u+,u BR consistent (<10)



Constraints

Analysis in arXiv:1308.1501

In this paper, several constraints on the Wilson coefficients are evaluated.
To visualize the bound, they consider three cases as follows:

1. NP only in O() . (SJWPR(L)I)) F*” . constraint on C§’)

2. NP only in O%) = (57, PLia)b) ((4"~°€) : constraint on C.\}

3. NP only in Oy = (57, P (r)b) ((4"'¢) : constraint on Cj’

Considered processes:

b—svy: B— Xy B— K’y
b=l B = X B—%K(*MJF,L[" By = utu



Results of X2 fit to data:
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Casel Re(C1'")
\_

Comment:

1. Casel is strongly constrained by data on B— Xsy, K*y
and the tension in Ss can only be improved, but not in FL

2. Case?2 is strongly constrained by the combination of data
on B—Kpp and Bs—pu, and cannot reduce the tension in Ss & FL

3. Case3 gives a consistent explanation of the discrepancy
— Let's see for more detail



Detailed comment on “case3”:

- O3 ~ —1.5 can account for the observed value of Ss,

which correspond to -35% of the SM contribution: C5™ = 4.2

* The bound from B—Kuu can be completely avoided

- The best fit values are C)" = -1.0+0.3, Cy=1.040.5,

* The best fit values correspond to a NP scale as follows:

Ag> ~ 35 TeV as for a tree level contribution

Ag) ~ 3TeV  as for 1-loop level contribution

where we define M= —» Oy/A]




Conclusion of this analysis:

Recent LHCDb results on the B2 K*upy decay show a discrepancy
with SM predictions. A consistent explanation of this discrepancy
in terms of new physics is possible if NP of O9 operator with an
appropriate value of the coupling is involved, as is confirmed by
various model independent analyses (which | did not show).

If the observed discrepancy in the B—K*up decay will be
confirmed by an experimental analysis of the full LHCb data set,
future precision measurement related to b—sy and sll will be
invaluable in identifying a possible underlying new physics.
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Back up



Update history:

Analysis in 201 |

-

-15

— / : 10.f”““Only obtained by BTXSW and K*py”

Re(Cy)

OF

-5k
~10F i

~10 -05 00

Casel

\_

e =

05 10 15 20 3 0 5 10 15 T S S 5

Re(C)") Case?  ReCD) Case3  Re(G")

10

~N

J

Analysis in 2014
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Candidate for NP model:

The presence of the operator Oy together with the absence
can be realized by the model with Z' gauge bosons.

(ex.) U(1) gauge with vector like quarks
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