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The LHCb detector
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Rare decays at LHCb

= Results are presented for
Blsy > WM
B il s
Y™ LR
B
B - KWputy
= All results presented are on 1 fb! at Vs = 7 TeV data

collected in 2011
* Except T~ — u~utu~ which used 0.9 fb!
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Bl — 1t~ expectation

In the standard model: b S |
<
Br(BY - pp) = (3.2+0.2) -107° t (Z/7)*
Br(B® - up) = (0.10 + 0.01) - 10~° 1
-
JHEP 1010 (2010) 009,arXiv:1005.5310 e
Note: time integrated values, estimates at t=0 b( 7+

(above) must be increased by 10% to match
measured values; arXiv:1204.1735v3
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Bl — 1~ selection

= Two tracks identified as muons that make a vertex

separated from the primary vertex

= Use an MVA to reduce
backgrounds:

* A boosted decision

B Vertex

Impact
Parameter

Primary Vertex

tree with 9 variables based on the topology of the event

= Use MC to train the

BDT and use the decay
B(s) = h*h'* and
sidebands to calibrate
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Backgrounds to selection

= Peaking backgrounds are from B?S) — h*h'™
Non-peaking from bb — u*tu=X
and combinatorial muon candidates
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Eventshper 24 MeV/c?

N

Signal events, normalisation and limits
€si _faws ‘hﬂIOTTH
N(B? tyu =
( (S) % ﬂ ” ) 5 E?lﬂ?'??l norir BH.O?'TH.

= The normalisation channelis B~ - J/{K~

= Use data driven methods to get the efficiencies
- f_S measured at LHCb PRD85 (2012) 032008, arXiv:1111.2357

Ja Expectation in 1.0 fb!
—T T Tt T T T ' " T T|EnN | B '
LHCb S LHCb SM signal
Q
- g(l’)_')l':gus ) EG‘ gg:?; ) Combinatorial background
N
= 77 B Peaking background
_ 4 40 / //// i
, ..24 /////// - Cross feed
T / // Uncertainty
/ ‘ B 2 7 A
0 ! | . ] . . . . | ) ! 5
5250 5300 5350 5400
m,,(MeV/c?) m,,(MeV/c?)

David Hutchcroft, BEACH2012 7



~ | o N L
S LHCb S LHCb SM signal
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= Limits are set on the branching ratios at 95% CL
= B -sup 1.0 x 107 (expected 1.1 x 10 Bkg only)
= BO%>up  4.5x107 (expected 7.2 x 10° SM + Bkg)
= Compatible with SM +Bkg within 1c

= p-value (1-CL,) = 18%

Reference: PRL 108 (2012) 231801, arXiv:1203.4493
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95% C.L. Bounds
DO

PLB 693 (2010) 539, arXiv:1006.3469

CDF 10 fb~!

La Thuile 2012, Miyake

ATLAS

arXiv-1204.0735 LHCb—C-OI\.JF-201 2-017

CMS Upper Limits (95%C.L. ):

JHEP 1204 (2012) 033, arXiv:1203.3976. 1 R ?
LHCb BB e 422 O
PRL 108 (2012) 231801, arXiv:1203.4493 [57(30 i, e8] e 10— 10
ATLAS+CMS+LHCDb

LHCb-CONF-2012-017 Preliminary limit combination
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Limits on super-symmetric models

2.0

Straub ArXiv:1205.6094
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B o s il L
= Motivations
* PDG:B(B;/ > J/Ypp > pu pup u)=(23+£08)x107°
 Other SM : B(B(S] —}u+y‘u+,u") < 10‘61“
Phys. Rev. D 70, 114028, (2004) R (Z/~)*

A

= Method : cut-and-count S

the selection

* Use resonant decays to optimise %<

* Use good secondary vertex reconstruction and muon ID
* Normaliseto BY = J/Y(utu )K*(K*n™)
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B o Foslile il
= Results

* Events that are non-resonant, compatible with background
expectations
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* Preliminary limits are set in LHCb-CONF-2012-010
B(BY > ppputu) <13x107°
BB > utu putu™)<54x10°°

First limits set on these modes

David Hutchcroft, BEACH2012 12



T S

= Motivation
e Evidence for lepton flavour violation Z
* Highly suppressed in the standard model
7 W= M
* An excess would indicate new physics

« D7 —» ¢(utu~)m ™ is used as a control channel and to
normalise the branching ratio

= Analysis
* Use two MVAs, then a fit to the Tt and D_,” masses

* Do the tracks make a good secondary three track
vertex?

* Are the tracks good candidate muons or pions?

David Hutchcroft, BEACH2012
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CLs

0.8
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Limitsont™ - u utu~

Expectation, 1 & 2 o limits

Measured Limit

Using CL; method the preliminary
limits are

LHCb preli

10
BR(T" — u* u w)[e 107

41 at95% (90%) confidence level
LHCb-CONF-2012-015

World’s best result was from Belle
PLB 687 (2010) 139, arXiv:1001.3221

B(r™ - putp~) < 2.1x 1078 (90% CL.)

David Hutchcroft, BEACH2012
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Low SM expectation: - ;
B (DO » u*p~) ~ 2.7 x 107% - B(D® - yy) p

B M(D% - utu™) = 10712 phys. Rev. D66 (2002) 014009

GIM mechanism suppresses the decay
due to the lack of a heavy down quark

Use D** - D°(ntmn )t
as the control channel so:

B(D{l £Yy fl’+p'_) .3 NDH'—*DG(—’#'I'#_)W"' Exm : B(DO L 7T+'}1'_)
ND"""—:-D“(—Hr"‘ﬂ-)ir'l' Eup
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B[] s K*Dlu_l_lu_

Standard model decays have FCNC through
electroweak loops.

Lots of angles to measure, most are sensitive to
new physics in the loops

d 5 d
5 & a * 'UI_
A good SM prediction for the zero point of A, w+ (27
. o=
for the muon system is at 4.0-4.3 GeV?/c? s
arXiv:1105.0376 — > mmTheory MM Binned theory o ﬂ)é 7 % i
=O=LHCh: - =sCDE =i=BELLE =¥"BaBar th )
@0 1r-————————f—r—Tr—rrrrTr T d < d
< T -
I _ T — : M+
0.5F#— 1 — @ . [,
P W
0 |10 > _§ > 3
i T ) u,C, 1
- 1 d P d
-0.5f LHCDb -
Preliminary -
B PR S S
o2 [GeV?/cH

CERN-LHCb-CONF-2012-008 David Hutchcroft, BEACH2012 18



BU o K*Uu-l'u—

Bl Theory @ Counting Experiment =:Unbinned
L] I | L] | I L] .l ! ] X L] L] |

LHCb preliminary measurement is

g2 = (4.9711) Gev?/c*

the first measurement of the
crossing point

.-\

m
t- " . : :
< [ LHCb NI
o5k Preliminary | : ;
0- ............
0.5
_1- [ | |
2 4 6

P (GeV2/ch

Also look at the differential branching
fraction normalised to B® — K*°] /1

Another 3 parameters are also fitted
F, S;and S,

68% CL for unbinned crossing point
Error bars on points are statistical only

Where theoretical predictions exist they are

compatible with the SM

dBF/dg? [107 x c¥GeV?]

B Theory WBinned theory
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' LHCb
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1 —
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CERN-LHCbh-CONF-2012-008 David Hutchcroft, BEACH2012 19



Isospin asymmetry in B = K™ uty~

(3~ KO%w ) - ()36 K
Al:

B(BO = KO0y+;-) + (ﬁ) B(BE » K@tyty)

= A, is the isospin asymmetry in theb — K(*3u+,u"system
= 1,/1, is the ratio of Bto B* lifetimes
= Expected to be O(1%) in the SM

15

= For B —» K*u*u™ the prediction
is for positive at low g2, dropping
to small and negative as g? rises

Y Feldman, Mathias

s\ JHEPO01(2002) 074

of

0 1 2 3 4 5 6 7
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Theory Bl Binned theory —e—Data

Theory M@ Binned theory —e-Data
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Differential Branching ratio measurements
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submitted to JHEP
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Conclusion

New upper limits set on B, to two and four muons,

T to three muons and D to two muons ~1 fb! of
LHCb data

No evidence for enhancement in any of these decays

Angular distributions of B® - K*°u*u"were also
tested, good agreement with SM

Stringent limits placed on many models with new
heavy particles

Isospin 4.4c low forB — Ku™* ™, consistent with
SMforB — K*u*tu~

Expect to increase collected luminosity to over
3.2 fbl by the end of 2012

* Then we could confirm the SM branching ratio
forBY) — u*tu~

David Hutchcroft, BEACH2012 22



Backups

David Hutchcroft, BEACH2012
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LHCb muon triggers

= Level-0 trigger runs at 40MHz and selects muons,
electrons, photons and hadrons from the Muon
detectors and Calorimeters

= Double muon decays are prioritised for rare decay
searches
* Single muon trigger : p;> 1.4 GeV/c
* Double muon trigger : p;; > 0.56 GeV/c, p;, > 0.48 GeV/c

David Hutchcroft, BEACH2012
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Angles inB® - K*°utu~

Helicity angle of the kaon wrt the K* : 6,
Helicity angle of the u* wrt the B : §, d
Angle between decay plane of di-muons and K* : ¢ (foldedto¢p = ¢ + mif¢p < 0)

5 3 _
F|cos® 0 + 1(1 — F)(1 — cos?By) —
Fy, cos” 911-(20053 O —1) +

1 dir 9 [
['d cos 0, d cos O cl(_;;'; d¢g? 16w

i(l — F1)(1 — cos? Ok )(2cos® By — 1) +

Sal1 — cos® Or ) (1 — cos? ) cos ZD +

L)
4
3

_ AFBI(l — cos? Bk ) coshy, +

So[1 — cos Ok )(1 — cos? B;) sin 2¢ }

Angular analysis of three body system, the 4 parameters fitted are highlighted above

David Hutchcroft, BEACH2012 26



BU o K*Uu-l'u—

BN Theory EMBinned theory BN Theory EBinned theory
4 T®-LHCb ——CDF _-S-BELLE —*BaBar I ILHCb  —e=CDF .
= T T T T T T T T T T T T T T T T T T T o T T T T T T T T T T T T T T T T
L LHCDb : @ [ LHCb
08 Preliminary [ Preliminary
' 4 0.5 4 -
0.6
otk
0.4 i
05F
0.2 X
)| IR AP BEPE PP B P _1'....|....|....|....'
0 g 10 15 20 0 5 10 15 , 20
o o g2 [GeV?/c? q? [GeV?/c]
Longitudinal polarisation of K* Asymmetry S,
4———®=LHCb
md) T T T T T T T T T T T T T
0.5F -
0#;!;'_!_'—I—I—l—l—!—=#:
0.5 LHCb -
- Preliminary
_1' P PP P B
0 5 10 15 20
q? [GeV?/c?]

Sy, CP average of A,
CERN-LHCb-CONF-2012-008 David Hutchcroft, BEACH2012 27



Table 2: Partial branching fractions of B’— Ku"p~ and isospin asymmetries of
B— Kp*p~ decays. The significance of the deviation of A; from zero is shown in the
last column. The errors include the statistical and systematic uncertainties.

q° range [GeV¥/ ] dB/dg*[107%/ GeV¥/ ] Aj a(A; = 0)
0.05 — 2.00 .17 —0.557 58 1.5
2.00 — 4.30 03733 —0.76" 505 1.9
130 — 8.68 28+ 0.7 0.007 1 0.1
10.09 — 12.86 1.879% —0.157 5% 0.8
14.18 — 16.00 11791 —0.40 +£0.22 1.9
16.00 — 23.00 0.5503 0527038 3.0

1.00— 6.00 1.3752 —0.35703 1.7

Table 3: Partial branching fractions of Bt — K*"p*p~ and 1sospin asymmetries of
B— K*u*pu~ decays. The sigmficance of the deviation of A; from zero 1s shown n the
last column. The errors include the statistical and systematic uncertainties.

q® range [GeV¥ct] dB/dg*[1078 ) GeV?/c] A o(A; = 0)
0.05 — 2.00 7.0538 0.05°537 0.2
2.00 — 4.30 54738 —0.27° 51 0.9
4.30 — 8.68 5.7130 —0.06751 0.4
10.09 — 12.86 7.7734 —0.165917 0.9
14.18 — 16.00 55136 0.02°5% 0.1
16.00 — 19.30 3.8+1.4 0.02753 0.1
1.00 — 6.00 5.8118 —0.15+0.16 1.0

David Hutchcroft, BEACH2012
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