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Outline

Rare decays at LHCb

e Searchfor By ; — p'p~

By — K*up~

Photon polarisation in b — sy

o Search for lepton number violating B* — A=t ™

Conclusions and outlook

At this conference:
» Victor Coco - Electroweak and QCD measurements at LHCb
» Julian Wishashi - Search for New Physics in CP violating measurements at LHCb
» Stephane Monteil - Stephane Review of LHCb Results
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Rare decays at LHCb
Heavy flavour rare decays at LHCb

New Physics can be discovered in two ways:

<— Producing new (real) particles
... opening the door

— Studying flavour physics and rare decays looking for ﬂ )
new (virtual) particles \ 4
... looking through the keyhole \

Rare decays: At LHCb:

o Suppressed or forbidden in SM * Huge cross-section for charm and
= NP can play a major role beauty: (pp — bbX) ~ 300ub at7

o Sensitive to higher energy ranges than S e i 932078

directly accessible e Large forward acceptance

e If NP not found strong constraints on e Large boost
parameter space

Dataset: 37 pb~" in 2010, about 300 pb~" expected for the summer,
1 fb~" for the end of 2011

O
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http://www.sciencedirect.com/science/article/pii/S0370269310012074

Rare decays at LHCb

LHCb detector

a = ]
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Search for Bgs — ptp—

B s — w'p introduction

e Flavour Changing Neutral Current and helicity
suppressed, proceed through loop diagrams in
Standard Model

o Precise SM predictions (phys. Rev.  80,014503]

BMBY — putu~)=(3.35+0.32) - 107°
BM(B® — ptp~) = (0.10+0.01) - 107°
o B(BY, — ptp~) o Z58 in MSSM

7}
MA

Experimental status :
| B(B® — ptp~) B(B — ptp~)

CDF <7.6-107° < 4.3-1078  [COF Public note 8892 (2009)]

DO < 5.1-1078  [prys. Lett. B693, 538 (2010)]

LHCb | <1.5-1078 < 5.6-1078 (prys. Lot B699 330-340 (2011)] b 1
> There is room for new physics discovery (b) MSSM diagram
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http://prd.aps.org/abstract/PRD/v80/i1/e014503
http://www-cdf.fnal.gov/physics/new/bottom/090813.blessed-Bsd2mumu//bsmumupub3.7fb_v01.pdf
http://www.sciencedirect.com/science/article/pii/S0370269310010993
http://www.sciencedirect.com/science/article/pii/S0370269311004308

Search for Bgs — ptp—

Direct and indirect searches for new physics

Correlations between tan 3 and M in NUHM1 50 (Buchmuoller ot ., BurPhys.. 064 5911 —
discovery ] : oo @

50 0.8

HA— 7777 —jets (solid line) 40 o7

— jets + . (dashed line) 30 gi

— jets+ e (dotted line) % 03

10 0-2

5 5 — 0.1

in CMS with 30 or 60 b~ [Eur.Phys.J.C52,383(2007)] o o
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M, [GeV/c?]

Regions compatible with a given value of
B(B) — ™)

LHCb calculation

[Superlso Comput. Phys. Comm. 180, 1718 (2009)]

tanp

[SoftSUSY Comput. Phys. Comm. 143, 305 (2002)]

B2 — ;' powerful probe of New Physics
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M, [GeV/c?]
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http://arxiv.org/abs/arXiv:0704.0619
http://www.sciencedirect.com/science/article/pii/S0010465509001489
http://www.sciencedirect.com/science/article/pii/S001046550100460X
http://www.springerlink.com/content/e371013u25r48mv2/

Search for Bgs — ptp—

Analysis strategy

Soft selection Reduce data to manageable level
Keep maximum efficiency for signal

Discrimination between signal and background using 2 dimensional likelihood:

e Di-muon invariant mass
e Geometrical Likelihood, multivariate method holding information of
topology and kinematics

Calibration Rely on data control samples as much as possible
Normalisation Convert observed events into 13 through known channels

Limit Compare experimental observations to expectation and measure or
exclude value using CLs method
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Search for Bgs — ptp—

Selection

Soft selection
e Pairs of opposite charged muons with high quality tracks
e Common vertex displaced from PV
e Mass window +600MeV /c*

High signal efficiency
= expected 0.3 (0.04) events for Standard Model signal B — p* = (B® — ptp™)

Rejects most of the background
= about 300 events left in signal [=60MeV /c?] region

o Background dominated by combinatorial bb — puX (90%)
and fake plus muon (10%, again combinatorial)

e Peaking mis-identification background (B — hh') negligible
< 0.1 events in signal region

)

(I’N FN I’ﬁil‘?l
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Search for Bgs — ptp—

Geometrical Likelihood

Exploit geometry and kinematics of event:

'8 LHCb

e . distance of closest approach £ MC

107 =  I—

e B impact parameter w.r.t PV

o B lifetime 102

e Bpr [

L 10° =
e 1 Impact parameter significance E
e 4 isolation 104 &
£ L L L Lol L L L Liiay
01 02 03 04 05 06 07 08 09
Variables are decorrelated and an MVA classifier is &

il g 1: T T T T T T T T ]
el - S
flat for signal and peaked at 0 for background by S0k "

; o E
construction DN
Calibrated on data: 0 — 3

- B — hh' for signal w0k 4

. F —45—
- Mass sidebands for background 1L LHCb 87 pb~" B
E Calibrated likelihood E
0 Ofl 0f2 0f3 Of4 OfS 0%6 Of7 0%8 0f9 1
GL 5
(SR 1 CY |
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Search for Bgs — ptp—

Signal invariant mass

e Mass averages obtained from B® — K*x~ and B — KK~ (with PID)
e Mass resolution from two methods:
* Quarkonia dimuon decays (J/v, ¥(2S), T(1,2,3S)):

Invariant mass modelled with Crystal Ball functions or Gaussians
* Inclusive B — hh’ without particle identification (« masses assigned)

% E LHCb % g000F
o £ 9000
L 2500 = 9000F LHCb
> F 2 b T(S) T(2S)T(BS) %
2 L e Ao Koo = 8000 L=37pb
© 2000— B’ [K'rJec Ay == [prlce 3 7000
n £ By~ [K'rlee comb 2 E
S S phys Z sooof-
@ 15005, E
4 £ 50001
2 g
W& 10001 4000E-
E 3000
001 20008
£ R 1000E-
L L e L Ll ey L E
4300 2900 5000 5100 5200 5300 5400 5500 5600 5700 b Il Il | Il
2, 9000 9500 10000 10500 11000
m,, (MeV/c?) M 1) [MeVrc?]

Two methods combined: oy = 26.7 + 0.9MeV /c?
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Search for Bgs — ptp—

Background expectation

Events /(120 MeV/c?)
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Background expectations extracted from fits to mass sidebands in 4 GL bins

Francesco Dettori (INFN Cagliari)

Search for New Physics in rare heavy flavour decays...

ICPP - 20-25 June 2011 - Istanbul

11/24



Search for Bgs — ptp—

Normalisation

Ngo
+,—
0 g = €norm faorm e =14 1
B(B, — p 1t~ ) = Brorm X X =« tum X Ngo v,
Y Esig fBD Naorm Bg_”“ H _*P'
q

o "‘;’% is the ratio of probabilities for a b to fragment in the normalisation and signal
B,
q

channels .
» Used value for % = 8.71 £ 0.47 racy

Three normalisation cshannels
with selection close to the signal one
o BT — J/p(pu)K*
Same trigger, and u-1D, good B precision
o BY — J/¢(up)p(KK) :
Same trigger, and p-ID, 1000
k;%d B ,r;rfcision, no f ratio s = N
Y — T ' eVic’
Same topology but hadronic trigger
Results are compatible and averaged:

a
=]
=3
3

IS
=1
8
S

3000F

Events / (20 MeV/c?)

2000

QY= = (8.6 + 1.1) .107°
Qg+, =(2.24£0.16) - 107° en %1391
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http://www.slac.stanford.edu/xorg/hfag/osc/end_2009/

Search for Bgs — ptp—

Observed distribution

Limit computation:
e 4 x 6 binsin GL and M,
e Expected signal and
background yields

o Evaluate compatibility
with observed in:
- S+B hypothesis
- B hypothesis

Cls = Cls.s/CLs

Francesco Dettori (INFN Cagliari) Search for New Physics in rare heavy flavour decays... ICPP - 20-25 June 2011 - Istanbul 13/24



Search for Bgs — ptp—

Limit on B® — ptp~

Observed distribution of events q 07
GL bin ° e
[0,0.25] [0.25,0.5] [0.5,0.75] [0.75, 1] o
o | [-60. —40] 59 2 0 o
2 |[—40, —20] 67 0
2 [[-20,0] 56 2 03
= | [0, 20] 60 0 02
» | [20, 40] 42 2
£ | [40, 60] 49 2 0 04
Sum 333 8 1 0 q.2 04 06 0.8 1.0 1.2 1‘.-1n 1‘.5 lis
B(B —up) [10°
Bkg exp. 353 8.9 1.85 0.12 €l

LHCb measures with 37pb*1 at \/s = 7 TeV: phys. Lett. 8699 (2011) 330-340]
B(B° — ptp~) < 1.2(1.5)- 1072 at 90% (95%) C.L.

Expected limit < 1.4 (1.8) - 108
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http://www.sciencedirect.com/science/article/pii/S0370269311004308

Search for Bgs — ptp—

Limit on B — utp~

Observed distribution of events

@ 0’- T T T T T
GL bin © oeb LHCb 1
[0, 0.25] [0.25,0.5] [0.5,0.75] [0.75, 1] ok
« |[=60, —40] 39 2 1 oak
2|[-40,—20] 55 2
2 |[—20, 0] 73 0 03
= | [0, 20] 60 0 02
» | [20, 40] 53 2 E
£ | 140, 60] 55 1 0 T :
Sum 335 7 1 0 I I R R W %
Bckg exp. 329 7.36 1.51 0.081 *

LHCb measures with 37pb*1 at \/s = 7 TeV: phys. Lett. 8699 (2011) 330-340]
B(BS — u+/17) < 4.3(5.6)- 1072 at 90% (95%) C.L.

Expected limit < 5.1 (6.5) - 108
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http://www.sciencedirect.com/science/article/pii/S0370269311004308

Search for Bgs — ptp—

Validation with 2011 data

~8000F"

Quality of 2011 data: 'z:m_ LHCb prelilr.r:iyrl:ry:
= Yields per pb~! comparable to 2010

Resolution and signal to background unchanged

+ Use of full particle identification system Ok e
+ Improving in multivariate discriminant (@) BT — J/pK*

— We will be able (at least) to extrapolate 2010 data

% 300) LHCb preliminary:
3> L=57pb"

r LHCb preliminary 58pb-1
10°
H « Data 2011 A
wl * Data 2010 (Normalized to 58pb-1) O K (Mevie?)
i (b) BS — J/9b
10 ~
F H
§ H
1 g
[v] 01 02 03 04 05 06 07 08 09 1 §

m,, (MeV/c?)

rHCh
(© B — htr— & ST
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Search for Bgs — W

Prospects

B2 — "y~ exclusion at 90% C.L. B2 — 't discovery
—— 100 T T —
& 1. 10— LHCb 100
S . proj. from 37 pb—1 i T
- ] V5 = TTeV x LHCb
‘1 W 95 % C.L. excl. 3 projection from L=37 pb™*
+ _8 W 90 % C.L. excl.
N0 1540 °
T 10 e \\
%Qm - 1079 10 i "‘" g 1:0_
e .hl‘l-
Q 1 7] i —_:w-— k‘\-.\qﬁ‘-
1 } ; ; —a—3c
00 2 04 0 08 10 1 14 16 18 20
a7pb—1 300pb =1 ip L —*—5a
Integrated luminosity [fb—1 ] E T
0.0 0.2 04 06 08 10 12 14 16 18 20

300pb— 1 11 L (")

With 2011 data will explore the B ~ (5 — 10)10~° range.
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FCNC b — s transition

Angular distribution as a function of

2
q = myy

e Sensitive to magnetic, vector and axial

vector operators

o 1__or _ _
I 8 cos ¥Oq?

3 Fsin? 943 (1—F)(1-+cos? ¥)+Arg cos ¥
o Arg forward backward asymmetry

e F longitudinal polarisation

Arg(@®)

-0.2
-0.4
-0.6
-0.8
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o [GeV?] Figure from hep-ph/1006.5013
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http://arxiv.org/abs/1006.5013

By — K*utu—

B% — K*utu~ at LHCb

Analysis strategy

&E 25 LHCb
» Two selections : Vi
e Cut based § Na‘_‘::w=3619
e Multivariate (Boosted Decision Trees) £ " Loose BDT cut
o Correct acceptance using MC = .
e Cross-check with BS — J/K* . .
5200 5400 5600
M, (MeV/c?)
B% — K*utpu~ observed: o oo
> reliminary
o First results expected for this summer 3 f;;é;iv‘“j“‘me-
* With 200 pb~' LHCb gets competitive with CDF 2 £ 1 Tight BOT Cut 3
and B-factories @ 4.H 3
o About 1000 (600) events expected in 1fb~" LI 15 F
with B/S~ 1(0.2) 5200 5400

5600
My (MeV / ¢%)
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Photon polarisationin b — s~

Photon polarisation in b — s

- In SM the photon comes out leftly (rightly) ~§ °°°‘mc'bP}euminary'zmo+ 011 Tl w:
. - \s=7TeV [L=88.0pb" “m = + leV/c
polarised for b (b) decays. & 200 = 12512 MoVic™
o
isation i i Ny m 2
- Wrong polarisation is proportional to sin ) ~ -
- Loops can host NP particles; branching ratio g
not necessarily being modified, Right-handed i
fermions can change the photon polarisation. ¥
- CP asymmetry in mixing can be exploited to W0 s00 om0 G000
.. M(K7y) (MeV/c?)
measure photon helicity
r(t)—r(t) o | reliminar 4+ j - 6o+ E
A(t) = RITHE o sin(2¢) N R If b Sl
[1) - _125Mewc2 i
=
0 35F- =
B" — K*’V ?—’ 30F- + E
e Reference for others radiative decays g ;
o
o Direct CP violation measurement @ 15k
10|
Bl — ¢y £ B — ¢y
G : T
e This summer: measurement of ffiﬂg) o0 e SSDDM(K*K'«?;)l()Il\)IIeV/g;Z)

e Later: time dependent decay rate
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Search for BT — h— ;1+/A+decays

Search for Bt — h~putputdecays

Search for B — K~y ptand BY — - ptp’®
e Lepton number violation: AL =2
e Possible in models with Majorana neutrinos

e Main contribution: s channel with vy on shell
Analysis strategy:

o Tight selection tuned on opposite sign
B+ — K+/L+p,_
e Double blind analysis

T T T T T
LHCb
Preliminary ]

B+ — K+ +,,—

Control channel

70 LHCb
Preliminary

Events / (10 MeV / c?)
Events / (10 MeV / ¢?)
2
S

* Bt — KtJ /1
400 Normalisation

5700 Be00 51t N
M e (MeV / %) My 5y (MeV /¢
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Search for BT — h— ;1+;A+decays

Search for Bt — h~putputdecays

Exclusive peaking background:
e Study on MC
e PID performances from data

LHCb
Simulation

o All well below 0.1 events in signal region

Combinatorial background:
< 0.5(0.4) events expected in mass window for
B — K™ (n7)putp®

Unblinding same sign: % LHeh ion
No events were observed in both mass sidebands ot ;
and signal region.
e b~

Observed limit at 90% C.L. :

e B(BT - K putut) <43-1078

e B(BT - 1 putut)<45-1078
A factor 40 (30) of improvement from previous best limits at CLEO. (prys. Rev. b 65 (2002) 1
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http://arxiv.org/abs/hep-ex/0204017

Conclusion

Conclusions and outlook

o Rare decays are crucial to understand Physics beyond SM

e LHCb with 37pb~" has shown its potential:
. Bg)s — ptp~ has already competitive measurements
= 2011 data will explore 10~8 range
° Bg — K*utpu~ measurements will be competitive very soon
o Rare radiative channels observed, results expected soon
e Improved limit on Lepton number violating BT — h— ut utdecays
e 2011 year will offer very interesting results on a wide range of rare processes in charm
and beauty (and more...)
D° —pup D°—ey 7—ppu B—1u BY— upuy BT — Ktuu/ee etc...

So, even if we still can not open the door of New Physics,
we can look in the keyhole to understand whom we are waiting for!
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Conclusion

In memoriam

A special thought for

1
(BN
Engin Abat

Graduate Student
Bogazici University

which was a Summer Student at CERN in 2006 like me.
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Additional material
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Running LHCb

[_LHCb Integrated Lumi over Time at 3.5 TeV_| 2011-06-12 12:02:15_
LHCb Integrated Lumi over Time at 3.5TeV | [2011-02-16 16:25:28
= T )
é «  Delivered Lumi: I £
> «  Recorded Lumi: | E
g H
£ ) £
H E
3 FULLY ON:303 () 3 ‘J(
H o
H o H A Y71 I
£ g 2011 up to 12/06 &
£ 7 g 7
2010 i e

, / et

E d #

fe & . e : P ’ ,
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fy/fs at LHCb

— 6005— ' ' ' —E

o E LHCb Preliminary 4

> so0f Vs = 7Tev E

= E L35 pb” 1

3 400:— —:

° CfJurrentIy using HFAG average g wop ZEnDE E
fB—” =3.71 £0.47 @ 200F ey

B2 E

e 13% of accuracy . - |
5000 5200 5400 5600 2 5800

Measurement at LHCb Mass (MeV/c?)
Preliminary results (@) B® — D ¥

© from B — D*K¥,B° — D*77 and o : : : _
+ ; : —~ F 3

Bg — DS T relative ylelds % 1200 LHCb Preliminary ]
[Fleischer et al. Phys.Rev.D83-014017(2011)] E 100E Vo =TTev 3

f . 1 E L,~35pb" 1

2 = 4.02 +0.52 with 35 pb S b T
[CERN-LHCb-CONF-2011-013] 2 b R o E

. , g § T et

® from semileptonic decays w0 —ENT ]
% = 3.84 + 0.34 with 3 pp~" 20 3

5600 5800
Mass (MeV/c?)

(0) BY — DFrF
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