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Rare decays

| will use the term Rare B Decays to mean

“FCNC penguin decays with electroweak Standard Model
contributions”.

Model B Unitarity | Time-dep. CPV Rare B decay Other signals
mSUGRA(moderate tan 3) - - -
mSUGRA(large tan /3) B, mixing - B — (D)tv B, — up
b— sfti™ B, mixing
SUSY GUT withvg - B — ¢Kg - B, mixing
B — K'y 7 LFV, n EDM
Effective SUSY B, mixing B — ¢Kg A i}_Pq b— slti— B, mixing
KK graviton exchange - - b— sfti~
Split fermions B, mixing - b— sfti~ K°K° mixing
in large extra dimensions DD mixing
Bulk fermions B mixing B — ¢Kg b— stti~ B, mixing
in warped extra dimensions DD mixing
Universal extra dimensioins - - b— sfti~ K — mvv
b— sy

21 June 2007

hep-ph/0503261

Ulrik Eaede




_ntoducon § .} .} |
An effective theory for New Physics

geﬁ:g (AjyY/j;YJC)+gHiggs<Ai7Y/jld);<d)>)+

gauge
c" d
0,
2~
O : All possible operators with heavy d.o.f

c¢": Parameters arising from New Physics
A Energy scale of New Physics

Separate terms for left and right handed currents

Some left handed (C’, C™) are present through loops in the
SM

All right handed currents represent NP.
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SM processes in higher order operators

C; (M) x O;
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Rare decays “saw” the ¢ quark
Look at K% — p*p-
Naive expectation is for K° — p*u-and K°, — yy BR to be
similar.
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However, experimentally we observe
I(K)=p u)~210"T'(K;~>yy)
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Rare decays “saw” the ¢ quark

Add a (at the time) hypothetical ¢ quark

The GIM mechanism is creating amplitudes of the opposite
sign.

K® — 'y heavily suppressed.

For K° — yy the u and ¢ mass difference becomes
important and amplitude almost unaffected.
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Rare decays “saw” the ¢ quark

Current understanding is that K° — p*u- is dominated by
the 2-photon exchange.
Phys Rev D10, 897 (1974)

Thus K° — p*y suppressed at the a“ level.
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First penguin decay

CLEOB — K*y Y
PRL 71,674

Events/(3MeV)

Analysis strategy

High energy photon I
2.1<E <29 GeV 11

Rejection of 11° candidates 0

5.200 5.220 5.240 5.260 5.280 5.300

Event shape criteria to M(K*y) (GeV)
reject non-B background.
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First penguin decay

Significance

Evaluated from likelihood distributions of signal and
background samples

0.11% probability to be a background fluctuation.

3170593-003
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First penguin decay
Huge increase in statistics for decay

Experiment Year

Pub Events BR (x10%)

CLEO 1993 P
BELLE 2004 P
BaBar 2004 P

RL 71,674 8 4565+7.0+34
R D69, 112001 474 4012117

R D70, 112006 645 39.2+2.0+24

Theoretical prediction of BR cannot match experimental

precision

Look at inclusive decays

Look at at other observables like CP violation and

polarisation
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Results from running experiments
At the moment results are dominated by the B-factories
Results from the Tevatron are also starting to arrive

Far too many results so will only highlight a few
The inclusive b — s y for measurement of absolute BR
Time dependent CP violation measurement in B, — K*'y

Search for the decay B, — u*y
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The B — K* y inclusive analysis

Phys.Rev.Lett.93:061803,2004 (BELLE, 140 fb'")

Challenge of analysis is the very large background from light
quark events

Strategy 10° o0, .
Subtract light quark e %000, S
background with off 10" b "0,
resonance sample : g?fﬂnnn%nu %
]03:— |I?I:| ©
Use event shape for further : f “n% o
. . - o
rejection 02l | Ll 7o
Apply veto on y's compatible § ' T ,L_‘T?ogf(,?é
with T° and n 0 L ; k
C | I
| |©
7 | | A .T.|ﬁ|...lll|m.llll
1.5 2 2.5 3 3.5 4 4.5 5 5.5
YE [GeV]
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The B — K* y inclusive analysis
Composition of background after off resonance subtraction

W signel
W —y
Or—»r

Signal 259%

Decays of =° 52% B« onc Brem
6% 10 s
3 .Da{:{:rya
e and 8% _ [ ie—10
Bremsstrahlung 2% 10°k

4'11
d

5% ll"w
Decays of w(783) 1% , | '1] 1 i
Decays of J /¢ 1% -
Other decays 1% : ’|r|}" |
I B
E L [HT |".[L

1.6 22 &

'fE (G ew
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The B — K* y inclusive analysis
Final spectra for 1.8 < E <28 GeV
BR=(3.55+£0.32+0.30 £ 0.10) x 10+

'€
O
-
-
C

Energy interval contains

S
95% of spectra S ﬂ
_ _ 20000 |- .0-|-
Spectra compatible with s ll
zero above 2.8 GeV 15000 T ¢ lT
Moments of distribution 1]
10000 T
measured as well | T
5000 |- .__ J_ 1_1_
. 1l 11 ;ll¥T¥
K illTlIII 1
5000 |\|....|.J-l| L
1.5 2 2.5 3 3.5 4
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The B — K* y inclusive analysis
Many new physics models are heavily constrained by the
iInclusive BR.

The minimal Universal Extra Dimension (mMUED) predicts a
lower BR

Limits can be set on the compactification radius

| SM (NNLO)
! MUE D (LO)
| hep/ph 0703064
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CP violationinB - K*'y

In the SM there is limited interference between
B,—»K"yand B,—»K"y
First dominated by left handed photon, second by right
Only O(m/m,| effects, S, =-0.022+0.015
Phys.Lett.B642:478-486,2006 (Ball & Zwicky)

Time dependent CP violation probes for right handed
currents from new physics

Need to look at g *%/x*°— Kgno to have CP eigenstate

Challenge of analysis is the reconstruction of the signal
vertex

Intersect the reconstructed KOS with the Interaction Point

Use B° — J/y K° as control sample after removing J/y.
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CP violationinB - K*'y

IrB"—K’rn’y)-r(B’=K’n’
dgp(t)y=T\B 2K y) ZTB 2K Y) 6 A A1) = Ceos(AmAL)
I'B—-K,my)+I'(B—->K,my)

PR D74,111104(R) (BELLE)

7 4f

0 0.75] S o, =—0.32+0.3520.03
< 05) C s, = 0.200.20+0.06
20.25F

) 0 [

E o5l Would still like factor 10

> 05l better resolution

2-0.75:- Super B-factory will

c v eventually provide this.

-75 -5 25 0 25 5 75
At (ps)
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The b — d penguin anbe
Rate suppressed by factor 25 Sz /

T 1

relative to b — s penguin I

Assuming Unitarity give us
ViVl

CKM angle y

Phys.Rev.D75:054004,2007,
Ball, Jones Zwicky

PR SR R R R AN ATV VTN BE T B
40. 50. 60. 70. 80. 90. 100.

Small annihilation diagram for B* J e
as well o
. . . 1.75 £(©)
Might give larger direct CP T s
violation (~ 10%) P
b ¥ d é 0.75 |
R
N WOV S ~a0. s0. 0. 70. 80, s0. 100,
u b d u Y
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The b — d penguin

BaBar observation PRL 98, 151802 (2007)

Experimental challenges similartob — sy
But in addition need to reject B — X_y by using PID

91 events (6.40 significance).
BR (B — p/w v) = (1.25+0.25+0.09) x 10°

R T B o 45¢
%30:— E N\ g E
- - >4o: -
=25 - §35;
- 1 30: -
q- C ] F I
== + €325, :
n15- E 220 =
I e 1 L5 :
> E »n10; —
Ll 5 . ___.v'.‘f 'x_.’.‘ + '_T—‘#E % 5 ; . ’ =
0 ................. . | TR IR LEY DU ST U TN B SO T 0~ . y L l . N \ L . P | Ve
-0.3 -0 2 -0.1 o 0.1 0.2 0.3 535.22 5.24 526 5.28 5 3
A E (GeV) Mgg (GeV/c?)
V), e . - - _
‘ 2= 0207 0028 exp) U0 (th) ey = (65713 (exp) TS D(th))°
T

Phys.Rev.D75:054004,2007
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B —p'Ww

Cross sections for Higgs
mediated processes in
SUSY enhanced by factor

tan®p.
B(Bs — ) A
~5x 10~ 7 <t%r105> (30]0\4626‘/)

Turns the decay into
sensitive SUSY probe.

At the same time SM
prediction has very low
uncertainty.

SMBRis ~ 3.5 107

\;% \Iﬂ

SUSY

/\ Vas

/ Effective SUSY

b s(d)

:H17H27H3
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Experimental limit on BR(B,—u*y)

Normalise decay to B* — J/y K*

total
Ny, O, EB: Joop. BR(B* — J/WK*)BR(J [y — u*u’)
NB+ 5 tota fb_,.g.;

Select on same data and apply identical identification criteria
Results @ 90% CL

BR(B, = u'u)=

y
CDF (0.8 fb™) DO : Expect 1.5+0.3, observe 2
8
BR<8.0x10 < 2*FD@ Run 1Ib Preliminary
DO (2 fb'1) : - Sideband 1 Signal region Sideband 2
BR < 7.5 x 10 = 15F
Limits about a factor 20 % 15
above SM prediction 5z 05
0°456 48 b5 52 53 56 58 6 62 6.4

Invariant mass (p* () [GeV/ie]
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LHCb performance on BR(B.—u*y)

Will bring discovery and eventually precision

measurement.
BR(x10™)

. , BR(x107)

10 - ; & u

ittt 91O 9

fonly blig_is oblerved) ?

x 5

Expected final CIDF+DO0 Limit 5

II!I-I-I-II-I-I-I-I-I-I-I-I-I-I-I-II-I-I-I-II-I-I-I-I—
4
Unkertainty in bkg prediction

10 oo

M predigt

0 1 e 3 4 h L] N B 9 10

0 o1 02z 03 04 05
Integrated Luminosity (fb™) Integrated Luminosity (fb™)
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Rare decay searches
Comparison of current search limits and SM predictions

FOLOR

B'— t'v e Famoxae

B>uv mm—os—o-v-—"-44 [c20x10°

B>ev mfpb———4 = [<54x10°
B'> uuy e— — e3ax107

B'»e'ey —2—-+— 07x107

B> t't —m————————— |<4.1x10°

B»pyw -0+ 23x10

B'»e'e o——-—-—  |ex10®
B’ vv 1 22¢10"

107" 107" 10" 10° 10 107
Branching fraction
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The strength of LHCb

The best
Two-body decays 4 -
} = By— i

Muons in the final state
The good

Exclusive channels } — B R K(*) H_,_IJ_

Muons in final state
The reasonable

y/e in final state — B — XS/Xd Y

The bad

Inclusive decays = b —>S IJ"'IJ'
The impossible

Invisible decays — Bd/s —> VYV
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Many measurements from B, — K*u*y

Look at decay in terms of transversity amplitudes AL,A|| A,
for left and right handed currents.

Good variables with small theoretical error in the Standard
Model are:

Forward backward asymmetry A_. (small error on zero point)

“2Re(4 A1) o AL - AP
= , Ar'(s) = :
AP+ AR YT A AP

A (s)

Transverse asymmetries (insignificant error at g2 < 6 GeV?):

Fi(s) = ol

Aol2+ .-l| 2414, 4

Fraction of K* polarization (small error):
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B, — K*u*y in LHCDb
Overall efficiency is 1.1% with a B/S~0.5

Yield in 2 fb' of above 7000 events expected
Background dominated by semi-leptonic B decays

Resolution of 0.53 GeV? in zero point

a 0.6
b L
<

04

LN

St

-0.41—

/.

-0.6
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B, — K*u*y in LHCDb
The transversity asymmetries are sensitive to new right
handed currents.

As an example explore a set of MSSM models that all satisfy
current experimental constraints

1

-—-
-
-

0.75 b
- ' d..... ™
o 05
06 0 JHEP 0704, 058,
= = 0 Lunghi, Matias
0.4 -0.25
-0.5
0.2
-0.75
=2:25Usy
05 1 15 2 25
M, - [GeV]
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B, — K*u*y in LHCDb
Central g° region is favoured by theory

¢° region Arp Ag?] Fr
(GeVZch) | 2fb~" 10fb~ " | 2fb~" 10fb~ "] 2fb~" 10fb~!
0.05—-1.001] 0.034 0.017 0.14 0.07 0.027  0.011
1.00 — 6.00 [ 0.020  0.008 0.42 0.16 0.016  0.007
6.00 —8.95 | 0.022 0.010 0.28 0.13 0.017  0.008

1

1

0.8} Y

0& T

Result from
2 b toy MC

0.4

02r @

0k
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Use of B-beam in a Super B-factory

Take advantage of Y(4S) production
Reconstruct very large sample of fully or partially B decays

Then look in remainder of event for signature of signal
decay.

Search for invisible decays like B — vv possible.

Strategy currently used in BaBar and BELLE to set limit for
B— Kvvat4 10~ level.

A Super B-factory should be able to see signal
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Summary

Rare decays has a long history of providing hints for new
physics
With current results strictest limits come from
Inclusive b —» sy
Searches for B, — u*

Future will bring
Long range of measurement for B, — K*° y* ur

CP violation and polarisation results for B, — K*'y
Observation and precise BR measurement of B, — p* -

And much more ...

Combination of all Rare Decay results will provide similar
constraints to current CKM fits.
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