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Indirect search for New Physics through FCNC b - s
transitions because:
e suppressed within SM

' Room to uncover

e precise theoretical predictions for SM values possible NP effects.
* NP predictions significantly differ from SM ones
Effective Hamiltonian, Operator Product Expansion =12 tree
1=3-6,8 g penguin
4G i} = i=7 Y penguin
Heff = ——F VCKMv OZO@ + OPOP + OSOS i=9,10 EW penguin
CKM
\/§ i—1 I P.S (Pseudo-)Scalar
C (1) Wilson coefficients: short-range A h
- . o O;(1t) local operators: long-range
information such as mass of particles in loops. S
. : contributions
Computed perturbatively for various models, V.
_ SM and NP. )

New Physics possibly modifies the Wilson coefficients, affecting observable
quantities as branching fractions, polarizations, and angular distributions.
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Agp of the Muons LHCb-roadmap-2

BO-> KO*LL“ By : SV* s 07
b—sll . Angular Distribution LHCb-2007-039
LHCb-2009-003

o <“ C7,Cy and (79 Full Angular Analysis
B(B? — K™yt ™) = (9.840.21)x1077

0 C;=Cnpr+C
Y. - q)y CZ S S ILHCb-roadmap-4
b—sy b Photon Polarization
CrL, LHCb-2007-030
LHCb-2007-147

B(B, — ¢) = (5.7775)x107°
,Bos - - ILHCb-roadmap-1
B—11T Ry Cs,Cp and Cio  Branching Fraction

7

— (3.35+0.32)x 107"
SM
slide 3
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http://cdsweb.cern.ch/record/1045395/files/lhcb-2007-039.pdf
http://cdsweb.cern.ch/record/1156131/files/LHCb-2009-003.pdf
http://cdsweb.cern.ch/record/1033945
http://cdsweb.cern.ch/record/1099116
http://cdsweb.cern.ch/record/1027522
http://cdsweb.cern.ch/record/1103174

LHC‘D QFFQ!‘Q*’MS

See Eddy Jans talk

B-Factory Trigger Efficiency (all triggers)
L=210"cm?”s" single interaction From 30MHz to 2kHz on tape B K*Up  ~80%
Opp = 500 pb B’ - 0y ~40%
per year: 2 fb”, 10" bb produced B, > UL ~90%
MC simulation in this talk Vertexing Tracking
Full detector simulation, pile-| o(IP) ~ 14 pm + 35 pm/pt [GeV/c] e ~ 95%, ghost ~ 5%, for p > 5 GeV
up and spill-over at 14 TeV o(t) ~ 40-100 fs B’ - Y s(p)/p ~ 0.4%

v LHCD at LHC _JINST 3 508005, 2003 ISNSRSNPYSVIREIE "CRuTN

-/ M4 M5

i o(m) ~ 15 MeV/c® B’ K*up

M2
SPD/PS HCAL
ECAL

Calorimeters
o(m) ~ 90 MeV/c? B - 0y

Vertex

RICH, Muon
K-id ~97% (~6% T mis-id)

o e 1 for further LHCb physics talks see
S — Ly 1L Pt N S. Blusk on NP in CPV
s F. Dettori on first measurements
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http://indico.cern.ch/contributionDisplay.py?contribId=461&sessionId=2&confId=41044
http://www.iop.org/EJ/article/1748-0221/3/08/S08005/jinst8_08_s08005.pdf?request-id=4fde9f4d-8778-4883-9c55-46833df51847
http://indico.cern.ch/contributionDisplay.py?contribId=271&sessionId=41&confId=41044
http://indico.cern.ch/contributionDisplay.py?contribId=328&sessionId=25&confId=41044

B> K'pp 1)2:::33 interest

@
fox
[oX

e Flavor-changing neutral current b —s transition B w- s °
e First observed at Belle, compatible with SM RSN IEESEN A SO0 Lol .
BB - KT 17) =98 x 107" ERENE 20,

® New Physics particles can enter in the loop and modify
Wilson coefficients, particularly C;1, C7r, Cg and Cy.

® The decay kinematics is defined by three angles ¢, 6x and
01 and by q° the invariant mass squared of the muon pair.

® Two-step strategy:

e From start, Agg of the 01 distribution, and particularly its
zero-crossing point is particularly well predicted (FF cancel
out) and experimentally accessible (acceptance distortion
disappears)

Y

® With more data (>2 fb™) a full angular (¢, Ok and 01)
analysis becomes possible, giving sensitivity to C;, Cy and

C1o Wilson coefficients.
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http://prola.aps.org/abstract/PRL/v91/i26/e261601
http://pdglive.lbl.gov/RPPdecinfo_links.brl?parcode=S042&designator=71&clin=bb0000&number=407&symb=Gamma&inscript=Y&fsizein=1

B> K'pp 9\ Qe

0.2

VBl Phys. Lett. B 273 505, 1991 |

A N % (zéro-crossing)
® Agg and q° theoretically well predicted and differ with o -
models. q°) = 4.36 +g?§ GeV?/c* in SM. A ~ others: SUSY;

Eur. Phys. J. C41 173, 2005 o e

e Belle and Babar results shows hint of discrepancy w.r.t o4 L , 2 o
SM. note: opposite Arp sign convention between LHCb g lGeve]
. 0 2 ! 6 8
and B-factories ! 1aF
Arp 12| BELLE-CONF-822
® Wi -1 ith B- 8F
With a few hundreds pb-! LHCb can compete with B 8.2; + |
factories. 0.4F
o2pl 4 b
O Sl bttty
-0.2F 4
binned Apg analysis 2 fb™ unbinned Agg analysis 2 fb™ 0abt g 4[GeV21/8C ]20
T Ao _'L"gg;';fgeggmnw Belle results with 230 events from 657M BB
0.4} HCb'2007'039 * 0.2 1 16 (7" order poly)

e
=

0.2

/\ 1 2 6 (7" order poly)
Yield (2 fb™) and expected resolution

7000 signal events
1700 b—p b—p events

osf - ]

0.4

/

|
=l
™ .

o(q%) = 0.5 GeV?/c* with 2 fb™
o(q%) ~ 0.3 GeV?/c* with 10 fb™
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http://dx.doi.org/10.1140/epjc/s2005-02181-5
http://dx.doi.org/10.1016/0370-2693(91)90306-B
http://arxiv.org/abs/0810.0335
http://cdsweb.cern.ch/record/1156131/files/LHCb-2009-003.pdf
http://cdsweb.cern.ch/record/1045395/files/lhcb-2007-039.pdf
http://cdsweb.cern.ch/record/1045395/files/lhcb-2007-039.pdf

B K'up Full Qnsu‘qr Qna‘bsis

e requires at least 2 fb™ together and full acceptance
correction understanding.

® uses further observable quantities Fy, A%, A%, At

e some of which have NP predictions very different
from the SM ones.

LHCD sensitivity for the full angular analysis with
10 fb, the case of AT® and A7".

| mm SM predictions (theoretical errors)

- SUSY (MSSM with large-gluino and

positive mass insertion (with right-
handed current);
bands are 10 and 20 at LHCb

LHCDb-2008-041
JHEP 0811 032, 2008
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http://dx.doi.org/10.1088/1126-6708/2008/11/032
http://cdsweb.cern.ch/record/1142152

In the SM, right-handed photons (for B) are suppressed by tan = % X %
L b

In New Physics models (Left-Right symmetry, uMSSM) the
photon polarization is free. Phys.Rep. 117 75, 1985

Phys.Rev.D11 566, 1975 RO
B 5 s @

.
!

One indirectly access the photon polarization ratio through the time-dependent decay rate.
Contrarily from the B’ case, it is particularly simple in the B’ case, thanks to Al's # 0 and sin @s ~ 0,
no tagging needed:

ATt ATt
_ 2 —I'st st A . S

FBQ(ES)—@V@) = |A“| e {cosh A= sinh i }

Agg ~ sin 2
Experimental issue: Yield and expected resolution
trigger and offline selection uses IP cut for ¢ , which ~10k selected events for 2 fb™
directly affects the B’s proper time resolution. ~6k background events
Control channel: BY — K*V~ o(A") = 0.22 — o({) ~ 0.1 with 2 fb"

Other possible channels to probe photon polarization.

Ay — A%, Ay — (A" —=pK7)y, BT — 9Ky
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http://dx.doi.org/10.1103/PhysRevD.11.566
http://dx.doi.org/10.1016/0370-1573(85)90051-1

B > ’]-Decq:j interest

® Very rare decay, further helicity suppressed, proceed  ° a
through loops diagrams. '
Clean theoretical framework, precise SM prediction: Wt v

Bl

B(BY — utp™) = (3.35 + 0.32} x 1077
JHEP 10 003, 2006

® Current experimental limit, by CDF and D@:

B(BY — p ) < 4.7 x 10°% at 90% C.L.

al|

K

PRD 72 092001, 2007

® Branching fraction sensitive to Cs and Cp Wilson coef-

ficients, is strongly enhanced by NP by a factor (tan B)°

BR(B; —»u"p) ]
m—— BR(b —s7) .
m—— BR(B, — T V)

e in cMSSM generalization (NUHM realization), best fit
using WMAP Dark Matter, (g-2)p constraints gives:

B(B" — i~ ~ 10~F

100 200 300 4{]0 500 B{]{] 70{] 800 900 1000
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http://dx.doi.org/10.1088/1126-6708/2006/10/003
http://dx.doi.org/10.1103/PhysRevLett.100.101802
http://dx.doi.org/10.1103/PhysRevD.76.092001
http://dx.doi.org/10.1088/1126-6708/2007/10/092

B > up ﬂna‘gsis S)’rqx'ess 1

Strategy for finding needles in one haystack

® Joose selection

a.u. t

® Categorization of candidate events along three criteria:

1 Geometrical information

* Bs impact parameter with respect to the PV

* Bs proper time

* Smallest impact parameter significance of the
muons candidates wrt any PVs

* The distance of closest approach of the two muons
* The isolation of the two muons tracks

Bly — h*h~ for signal

mass sidebands for bkgd

2 muon identification
Jip — u*p~ for signal
A —pr~  for bkgd

Likelihoods calibration on real data solely

3

a.u.

log scale

Geometrical information:
signal distribution

0.2 0.4 0.6 0.8 1

Geometrical information:
background distribution

invariant mass of the di-muon

B? — KTK~ for signal

mass sidebands for bkgd

A 3D space is populated with the candidates, composing a distribution that can be tested against

various branching fraction hypotheses.
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B > up Qna‘gsis S)’rqx'esa 1)

® Normalization necessary to access absolute branching fraction.

_ fnorm €norm Afsi
B(BY — utu) =8B X X X =
( ’ ) Hor s €sig MNorm

Requires channels with well measured branchmg fractlon and close to BO — 1T~ to control the
efficiency ratio. The channels considered are B — K™r~ and B' — J/w(u po)KT

f; represents the main systematic error ~13%.

e The 3D distribution obtained experimentally is tested against branching ratio hypotheses
using the three likelihoods calibrated on data for signal and background with the CL method.

One Exclude/Observe a branching fraction. Yellow report 2000-005

Since a result is possible with very little data already, an alternate analysis suitable for a not perfectly
understood detector has been developed. This robust analysis is based on variables which do not
involve error estimates. The overall strategy being identical to the standard analysis.
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http://cdsweb.cern.ch/record/451614

B > un LHCH Sensﬂ'ivﬂ'ﬁ

LHCDb expected exclusion sensitivity to B — p p (in case no signal is observed) as a function of the

integrated luminosity with plain black curves for the standard analysis and red dashed curves for the
robust analysis.

90% CL exclusion _ .
5 || Tevatron expected final limit
L = Standard Analysis [| is extrapolated from the
é’ ;1 = == Robust Analysis current limit assuming 8 fb™
= er experiment.
= p p
= jm .........................................................................................................................
b e B e gL e L S
e @
8 ) The background was con-
108 servatively set to its 90% CL
% upper value.
=
o0
o
o
m H H H - H
10-9 L 1 L L I [ [ [ [ I 1 [ 1 L I L 1 L [ I L [ [ L I 1 [ 1 L
0 0.1 0.2 0.3 0.4 0.5 0.6

LHCb competes with the current Tevatron limit (4.7 10-8) with less than 0.1 fb™!, and overtake
Tevatron expected final limit with about 0.2 fb™%.
NP models with high tanf value are strongly constrained in the process.
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LHCb expected observation sensitivity to B’ — p p as a function of the integrated luminosity.

]
— 30 evidence

c:-\
. 10
= : . )
— i * 50 discovery ]
L | ]
— | -
' . * | I
+ 2 i i b * E o« -
N\ SM prediction SRR
o (N T
N— _-h\-\—-—h
= - “ 18-
14 TeV collisions : . ; i : : ; : : :
0 1 2 3 a4 5 6 7 8 9 10

L ¢b7)
About 3 fb! are enough for a 3¢ observation if the branching fraction is the SM prediction.
Any enhancement driven by NP will be observed sooner.
If the branching fraction is ~2 -10-8 as in NUHM scenario, a 56 discovery is possible with

very little luminosity ( < 0.5 fb™). JHEP 10 092, 2007

With 10 fb™!, a 50 discovery occurs if the branching fraction is close to the SM one.
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http://dx.doi.org/10.1088/1126-6708/2007/10/092

Ccnc‘usions

LHCD is ready to collect the largest B meson sample ever.

Interesting new results will follow:

Possible NP discovery very early with the B°_ -, pu decay, or at least strong
constraints on NP models with high tanf value within the first run of data-taking.

With 2 b, i.e. one year of data taking in nominal conditions:
B K'UL  The zero crossing point of 0] Agg is measure with o(q®)) = 0.5 GeV?/c’
BOS -> (l)Y The Time-dependent analysis leads to 6(A") = 0.22, which gives o({)) ~ 0.1

Limit on the branching fraction down to the SM prediction if no signal is observed,
possible NP observation if the branching fraction is enhanced.

B> u

On the long term:

BO-> K*LLLL Full angular analysis, sensitive to C7, Cg and C'g
B, - LW 50 discovery if branching fraction at SM level with about 10 fb™.

You will hear from Rare Decays at LHCb soon, and for a long time !
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