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Outline

An extended Higgs sector? (B,—u*u~ and Bi—u*w)

New CP violating phases in B, mixing? (¢, from B,—J/hpd)
New particles, couplings? (angular observables in B,—K*uu)
A whistlestop tour...

Will try and give you a feel for the prospects in each of these areas
— Results from 2010 data ~36 pb-'

— As of yesterday, ~80 pb-! on tape, expectation is ~200 pb-' for summer
conferences, ~1 fb-! by the end of the year



The decays
By—uu” and Bi—u'w



Introduction

The branching ratios of the decays B,—u*u™ and B,—u*u- allow the
parameters of an extended Higgs sector to be probed

SM MSSM

S

M+ b lJ~+

HY/A°

~ tan®p
The decays are doubly suppressed in the SM
— FCNC
— Helicity suppression
However, rates well calculable — in the SM,

B(B,—uu") = (3.2£0.2)x10°  B(By—p*u") = (1.0£0.1)x10-1
[Buras et al., arXiv:1007.5291]

Sensitive to NP contributions in the scalar/pseudo-scalar sector:

t 3
(e B )2 (mbm“ an” )2 MSSM, large tanP approximation
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Motivation

“fully complementary to direct searches at ATLAS/CMS”

tanB vs M, plane
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Best fit contours in tanf3 vs M,
plane in the NUHM1 model
[O. Buchmuller et al., arxiv:0907.5568]

50 discovery contours for observing the heavy MSSM Higgs bosons H, A in the
three decay channels H,A—t*t — jets (solid line), jet+u (dashed line), jet+e
(dotted line) assuming 30-60 fb-! collected by CMS



Motivation

 “fully complementary to direct searches at ATLAS/CMS”
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— Measuring BR(B,—u*n~) at the 1%10-8 level would be like probing
similar region to that of H,A—t*t- search with 30-60 fb"'

« Believe this is possible with 2011 data, O(1fb-1)



Current Experimental Results

Upper Limits on BR(B —>u u )at 95% C.L. at Tevatron

P m— SM (~3.610°)

107 = 5., ..... DQ6 Libl... O CDF pub 2fb" Exp.
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- F T 5 o 1 A(); i A CDF prel 3.7fb" Exp.
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- CDF 6 9 fb1 exp, Beauty 2011 %

N D@ prel. 6.11b Exp

= X DO prel. 5.1f6' Obs.

1 1. ----- CDF projection
Integrated Luminosity [fb'] |- D2 projection

e Limits from Tevatron @ 95% CL.:
o CDF (~3.7 fb'"): B¢(B4)—p*n" < 43 (7.6) x10°
- DO (~6.1 fb"): Be—p*u™ < 51x10-°



Key ingredients for B; ;—u*u”

Efficient trigger:

to identify leptonic final states

Background reduction:
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Excellent vertex & IP resolution: o(IP) ~25 ym @ p;=2 GeV/c
Particle identification: e(u—u) ~97% for e(h—u)<1% for p>10 GeV/c
Very good mass resolution: dp/p~ 0.35%—0.55% for p=(5-100) GeV/c
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In a harsh environment

Expect 0.7 (0.08) ls B,)—uu events triggered and reconstructed in
37 pb'if BR = BR(SM) — is all about the background




The LHCb Detector

T TR

10



Trigger for Bg y—u*u”

Single-u: p> 1.4 GeV/c
uw: p11>0.48 GeVic

pr.>0.56 GeV/c
HLT1 single-u: p+>0.8 GeV/c
PT IP>0.11 mm
muon ID IPS> 5

HLT2 Several di-muon lines

: : : with M, cuts and/or
HLT2 inclusive selections disol d vert
exclusive selections ISplaced veriex

+ Global Event Cuts for events with high multiplicity

« Half of the available 2 kHz bandwidth is given to the muon lines
* py cuts on muons kept low — ¢(trigger B; ;—u*u”) ~ 90%
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Analysis Strategy

Soft selection:
— Reduces the dataset to a manageable level

Discrimination between S and B via MultiVariate Discriminant
variable (GL) and Invariant Mass (IM)

— Events in the sensitive region are classified in bins of the 2D plane
Invariant Mass-GL

Normalisation:

— Convert the signal PDFs into a number of expected signal events by
normalising to (several) channels of known BR

Extraction of the limit:

— Assign to each observed event a probability to be S+B or B-only as a
function of the BR(B. ;—u*u") value; exclude (observe) the assumed BR
value at a given confidence level using the CLs binned method



Soft Selection

Isolate pairs of opposite charged muons with high quality tracks,
which make a common vertex, displaced with respect to the primary
proton-proton vertex (PV), with M, in the range 4769-5969 MeV/c?

!

:
603y
i

kg = 338.0 = 6.5
=-0.0007489 = 0.000050

Keeps high efficiency for signal events ¢ ™ '

Rejects the majority of bkgrd events

— ~ 3000 background events in the large
mass range 4769-5969 MeV/c?

— ~ 300 background events in the signal
windows m(B,,4) £ 60 MeV/c?
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Signal regions blinded until analysis frozen




u—ID performance & bkgrd
composition

u—ID performance measured with samples of JAp—uu, K;—mnr,

»—KK, A—pr
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MVA: Geometrical Likelihood

Input Varlables to the GL

* Main bkgrd is combinatorial,

with two genuine muons N BIP

* Reduce by using variables S, —
related to the event geometry i I

— vertex, pointing, u IPS, lifetime, s; il, azi H'ql o
mu-isolation, B p w T lifetime

« Variables are decorrelated and 8 _ o
and the geometric likelihood L S 'So'at'°”§§
(GL) built : S

— flat for signal

— peaked at zero for bkgrd -MC By —uu

- MC bb—uuX



MVA: Geometrical Likelihood

Main bkgrd is combinatorial,
with two genuine muons

Reduce by using variables
related to the event geometry

— vertex, pointing, u IPS, lifetime,
mu-isolation, B p+

Variables are decorrelated and
and the geometric likelihood
(GL) built :

— flat for signal

— peaked at zero for bkgrd

Geometrical Likelihood (MC)
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Measuring the BR

Use the CL, binned method

— For each bin in the GL vs
mass plane, the compatibility

1 | | Tfrrryprrry T T rrqrsT T T T I T I T I T T I T od
of the observed numberof @ ' T 'I I T
events with, 0 A* g N LHCb
« S+B [Clg,g] 07654 mag.s reglon

« Bonly [CLg]
hypotheses is computed

Get expected background from
mass sidebands (in bins GL)

4200 4400 4600 4800 5000 5200 5400 5600 5800 6000 6200 6400

M(u*,w) (MeV/c?)

For expected signal need mass
and GL PDFs and an absolute
normalisation

Geometrical Likelihood vs Mass
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Expected Bkgrd in Signal Regions

 The expected background events in the signal plane is extracted
from a fit of the mass sidebands divided into the appropriate GL bins

Expected (observed) background

. . Invariant mass in GL bins
events in B; ; mass regions
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Events/ ( 0.0225 GeV/c?)

Signal Invariant Mass Calibration

- The B;4mass line shapes are described by Crystal Ball function

« Parameters (J,0) calibrated with B—hh’ and di-muon resonances

— B—hh’ has similar kinematics/topology, select w/o PID— same seln
— Interpolate from Y(1S), Y(2S), Y(3S) to B mass

— o(M) = 26.7 + 0.9 MeV/c?

(=]
o

«:180_—
> F LHCb
LHCb 8'%°C" Preliminary
Preliminary S 140 V5=7 TeV Data
\'s =7 TeV Data 5 F
3 Bs>KK
0 § 100"
B, >aK f ook
w -
B> nn soE
60—
- - 40}
s ‘ 20f
] 2% i g s ' =
R ¥ B S R B3 TR R >k invariant mass (GeV/c)

K= invariant mass (GeV/c?)
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Events / ( 50 MeV/c?)

Events / ( 50 MeV/c?)

Geometrical Likelihood calibration

B—hh’ sample is also used to calibrate the GL

2:1.333
n: 1434 +/- 66

<: 873 +/- 103
b- 1852 +/- 139

- Bin 3

600

m,, (MeV/c?)
700 ? ¥2: 2.666
== Bin 4 ﬁ “‘3‘?7 s
E Ny o: 459 +/- 75
500—
400 f
300 f
200 f
100 E

C | | | I O, . = ST TR =
4&00 4900 5000 5100 5200 5300 5400 5500 5600 5700
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The GL signal shape is given by the
fractional yield of B—hh’ in each GL bin

E 1'"'I""I""I""I""I""I""I""I""I""
P . :
S 1E I " ] u
& 10 .
i signal
10'2=E
1w0°k background
- I
10-4'E LHCb ‘ %
00470203 0.4 0.5 06 0.7 0.8 09 1

GL shape for signal extracted from B—hh' is flat as expected
Systematic error dominated by the fit model



Normalisation

« The signal PDFs can be translated into a number of expected signal
events by normalising to a channel with known BR

 Three different channels used:
— 1) BR(B*—Jhp(u*p) K*) = (5.98+0.22)%105 3.7% uncertainty

« Similar trigger and PID. Tracking efficiency (+1 track) dominates the
systematic in the ratio of efficiencies. Needs fd/fs as input (13% uncertainty)

— 2) BR(Bs—Jhp(un)o(K*K-)) = (3.35%£0.9)x10°  26% uncertainty
« Similar trigger and PID. Tracking efficiency (+2 tracks) dominates the syst.
— 3) BR(B*—K*n') =(1.94+0.06)x10-° 3.1% uncertainty

« Same topology as the signal. Different trigger dominates the syst. Needs fq/fs

« All three normalisation channels give compatible results:
— Weighted avge accounting for correlated systematic uncertainties
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Results : B —>M M

. . . PP

/ 68% of possible experiments
Observed upper limit 72N Y compatlble with expected limit

o2k NOYS Very close to the best

: - world’s best limits

90% eXC|US|0n-—;0-1; from Tevatron with
95% exclusion ™ [r-=7777rrmmsomosmsmsososamopoesese ~100 (CDF) -200 (DO)

o

||||||||||||||| L u
| 40 B?§°—>W) [1%01 times less luminosity

| @%%CL__@%5%CL

LHCb Observed (expected), 37 pb' < 43 (51) x10° < 56 (65) x10°

DO

CDF

World best published, 6.1 fb-! <42 x10-° <51 x10-°
PLB 693 539 (2010)

Preliminary, 3.7 fb-1 < 36 x10-° <43 x10°
Note 9892
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Results : B —>M M

3
0.4 ............... - / 68% Of pOSSIble experlments
Observed upper limit = - compatlble with expected limit
02f ___________________ ............. : o —
90% exclusion-_§)_1§f T S
95% exclusion™ or. “--oee

TR 18
B(B°—uy) [10°]

-_ @90% CL___|@95% CL

LHCb Observed (expected), 37 pb”' <12 (14) x10° <15 (18) x10°

CDF  World best, 2 fb-1 <15 x10-° <18 x10°°
PRL 100 101802 (2008)

CDF Preliminary, 3.7 fb-1 < 7.6 x10-° <91x10°
Note 9892

23



B.—uu : reach in 2011

B —>M M exclu3|on @ 95% CL tanf vs m, plane:

100 | ' ' ' |95% CL exclu % 60 : ' 1 (.-IJ

X<6X1 0- 8 (today) T 5 3 -
I\ 2x1 0-8 (summer 2011 ) wk
s N\ 1x1 0-8 (autumn 2011) :
T ey < R Sy e S e 30k

& ~ 5x1 0-9 (end 20117)
‘ ; 20F
1of I SM-like ®

- ey

|
. . . . . 0 100 200 300 400 500 600 700 800 9001000
L) M, [GeV/c?]

» With the data collected in 2011 we should be able to explore
BR~ 10-% and below
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The CPV Phase ¢,



B.—J/p¢ — Introduction

B.—J/p¢ decay dominated by b—cCs
transition
— small penguin contribution, 6P

Interference between decay or mixing and
then decay results in CP violating phase:

— 05 = Ou2¢p

SM prediction:
— ¢g=-2B,+OP~-28, =0.04

Jpo is not a CP eigenstate

— required angular analysis (in transversity
base) to statistically separate CP-even/odd

26



Experimental Status

CDF, FPCP'2010
CDF Run Il Preliminary  L=521"

06" — eswct g@, !CHEP 2010
o - . eliminary
[ o8 L : - 1 b = —0.42 £0.18
- P & B = I/ AM, = 17.77+0.12 ps™}
020 \ =02}
4 /(/7 z : ‘ 68% CL
0 O"‘ """"""""""""""""""""""" g"";::“-"‘-‘ 0.0 Sl ]
3 i 1
02- \ == 02
- [ -
-0.4- | 04 [
ol | )
T- ) ' l L 1 1 i l A i 1 i " 1 ) :/“ rm
L 5 1 ¢,/ *[rad]
P, (rad)
Signal yield (lumi) 7Y% (rad) Ref.
CDF 6500 (5.2pb~") —0.54 + 0.50(*) CDF Note 10206
DO 3400 (6.1fb7") | —0.76"( % (stat) & 0.02(syst) | D@ 6098-CONF

(*) CDF quotes 35 € [0.02, 0.52] u [1.08, 1.55] rad at 68%CL. “—0.54 + 0.50" is my estimate.



Principle of the measurement

« P—-VV, ang. mom. — in the B rest frame J/ip and ¢ have [=0,1,2
« CPlJp¢ > = (-1)|Jpd > — mixture CP-even (1=0,2), CP-odd (I=1)
« Decay ampl. in terms of linear polarization when J/ip and ¢ are:

— A transversely polarised and L to each other (CP-odd)

— A transversely polarised and // to each other (CP-even)

— A, longitudinally polarised (CP-even)

— Three angles Q=(0, ¢, y) describe directions of the JAp and ¢

Signal event distribution: Flavor tagging time
/\ resolution
1 D 1 —qgD
S\ t,Q) = €(t, Q) x ( T I s Q) + 2(’ -E(,\.t.Q)) 2 R,
acceptance B. B,

2 2 o ¢
Physics parameters: A = (s, Als. |Ao|*, |AL|%, 0y, 01, ds, Amy)
Ame = 17.77 £ 0.12ps™" (constraint)



Road towards ¢ at LHCDb

Select signal and control channels
— Determine lifetimes for: B.—J/p¢, By—JWK*, By—JyKg, Ay—JhpA

Angular analysis and determination of AT’
— Angular analysis of B;—J/hyK*
— Untagged angular analysis of B.—J/ ¢

Determination of B production flavour
— Determination of B mixing frequency Am,

Determination of ¢g
— Tagged analysis of B,—J/hp¢$ decays



Events / ( 0.007 GeV/c? )

Selecting signal & control channels

 Similar selection for all channels : B,.—J/hp¢, B*—>JpK*, B;—JpK*,
B,—JpKg, A,—JpA — Cross-check and systematics

* No lifetime biasing cuts (IP, decay length... ) — significant prompt
background at small proper time

« Plots with t>0.3ps, Jhp mass constrained:

B, >Jly¢
gg . LHCb
2 unbiased h Prefiminary
wE- trigger T
160E
uoi—
:22: | Mag =570 ]3; 24
80 ) m = 1 MeV
% 36pbt [} a
40
20f

o
536 54 545 55 585
Jy¢ invariant mass (GeV/c?)

B > JlyK*

m .
wE unbiased & t:'ja?m.f.,,

trigger

B ->JlvK
1200:_ unblased K :Hre?l?nlnnry
b trigger

[eig = 2668 £ 58] |

g 8§ 8 8 8

o =8MaV]|

g

pehad .L—A.-A..A..L..L.A-("'l FEPEPE TEPEPE DV SPUPRP B
L % TR R T % R % QR % TR %
J'y K Invariant mass (GeV/ic™)

— Excellent mass resolution and low background

800

[Nyig = 6741 £ 85
[0m = 10.7 MeV?

poqeonssasss waed
5.2 525 53 5.35 54
Jy K* Invariant mass (GeV/c®)
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Events / ( 0.007 GeV/c? )

5 8 g8 8

i\)_lllllll]ll]llll

g

t resolution and t acceptance

- .
PRUCIS T S TO0 TUT AT T JUT T T R L. A T

LHCb
Preliminary
\Js =7 TeV Data

........ *

Prompt J/y background

..'A_ J | | L l yl Ll A l d | |
54 5.45 55 5.55
JAp¢ invariant mass (GeV/c?)

5.25 5.3 5.35

Prompt J/ip separated from

Entries/(0.26 ps)

sPlot

—

technique

background using s-plot technique,
use to extract proper time resolution

Proper time acceptance also

computed from data by using ratio
between events selected with and

without proper time bias

LHCb Preliminary
\Vs=7TeV,L=36pb’

resolution model
= Triple Gaussian
<Gt> ~ 50 fS

6 8 - 10 12
By — J/v ¢ proper time (ps)

JIIIlIIlIIIIIIIIIIIIIlI

acceptance fit

LHCb Preliminary
\Ns=7TeV,L=236pb’

1 1 L 1 l 1 1 1
6 8 10 12 14
B, — J/yo proper time (ps)7



Lifetime measurements

g : . Ve =7 ToV Duta S Wiy V= 770V Duta
% o :." 100 a 3 i
‘ B 10

10 10

10 12 1

: A Ao — /A
? e Unbiased
fit with single ~ # [ % iy trigger
AN el —
% " mpmpor‘::m(p:s‘ R | J;v‘Alp'.opw:im(w‘

Decay channel  Yield LHCb result 7[ps]* PDG 7[ps]

B = JWKT 674185 @ 1.689 £ 0.022.:5: + 0.0475;  1.638 £ 0.011
B — JWK*® 2668 £58 | 1.512 £ 0.032a¢. & 0.0424;  1.5252 + 0.009
BO— JAPKY 838 + 31 1.558 £ 0.056stat. & 0.02255:  1.525 =+ 0.009
BY — Jab¢ 570 £ 24 1.447 & 0.064star. & 0.0565yst  1.477 3 0.046
Np — TN 187+ 16 | 1.353 £ 0.108star. & 0.0355:.  1.391700%°

Systematics currently dominated by proper time acceptance uncertainty.

H
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Angular Analysis & Acceptance
Corrections

« Angular analysis in transversity basis:

— Acceptance correction for
reconstruction and selection

— 3-dim. correction obtained from full

simulation
. :l 391..15:1 I | T T T | T T T | T
aF Y
05" " 105t
: 15 %1
056 ] 0.5
0. 2 o 0.9 0.9:— -
g; normalized :
0,85 ————t 0.85F——————L 0,85 —
-1 -0.5 0 0.5 1 -2 0 2 -1 -0.5 0 0.5 1
cosb ¢ [rad] cosy
« Cross-check of complete procedure using another P—VV decay
BO—J/pK*(Kr)
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Flavour Tagging

« Use neural nets, trained on
MC, to extract tagging decision L B OS Muon
and mis-tag probability, n OS Electron

OS Kaon

Opposite Side

- Calibrate on self-tagging decay @ Same Sid
modes such at B*—JhpK* 0

« Using only OS taggers, tagging e S Plon
power eD?= 2.2+0.5% o
difference between °'5;_ By > J/W K+
predicted n and 04F
measured w mistag 03

probability on MC and fit_r
of linear calibration G
function o1F

g LHCb MC Vs =7TeV
0 63 04 05 06
i
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(Amg = 17.774+0.10(stat)+0.07(sys) ps~* CDF, 2006 [2])

B, mixing frequency Am,

Once tagging established can
measure the B, mixing
frequency Amg

20 '

iD in mixi 36 pb” 3

See a clear dip in mixing PE Lo preliminary P
-1 E

fr_eql_J_ency at17.6ps™, 4.60 S B<7TeV :
significance PP SN SNV T S
Am,[psT]

x T T T T T

Comparable precision to CDF < osf 3

measurement with 36 pb-’

0.4 =

LHCDb preliminary 1 3

6 36 pb™'

-0.8 \s=7TeV 3

a . . — _1 PR RN ST SN N TN SR SN S S — 3
Assumption: Al = 0.1 X I b 0.1 0.2 0.3

t modulo 21/ A m, [ps] 3°



Constraints on phase ¢,

0.6 LHCD Preliminary | « No meaningful point-estimate
p VesT eV, L=39P0 = Confidence contours using
0.4/ Feldman-Cousins method.
0.2/—68.3% « Statistical error only: Accounts
- 90% i i
[ oee for syst. uncertainty of tagging
o 29% (small).
0.2 « Compared to statistical error all
oal systematic effects are negligible
0.6 ... <—8M P-value: 22% (“"1.2¢")
v a ! L # L
o, [rad]
Standard Model:
b, € [-2.7, -0.5] rad at 68% CL AT’ = 0.087 = 0.021 ps-1
_ ) (A.Lenz, U.Nierste. arXiv:1102.4274)
¢s€ [-3.5, 0.2] rad at 95% CL 6, =-0.0363 = 0.0017 rad (CKMfitter)
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Prospects for 2011

« Current performance:

Bs — J/i o

Proper time resolution
OS tagging power

SS tagging power

LHCb 36 ph~!
836

501s

2.2+ 0.5%
work ongoing

CDF 5.2fh~!
6500

100 fs

1.2 +0.2%
3.5+ 1.4%

« With current performance and only
OS tagger expected ¢ sensitivity for
1fb-1is 0.13 rad

« SS tagger will improve sensitivity
significantly, expect to have world’s
best measurement with the 2011

data

LHCD Preliminary
.s=7 TeV, L=36 pb'

_________________________________

04/

s LHCb w/ 2011 data ?

.....

-4 -3 -2 -1 0
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B,—K*uu — Introduction

Flavour changing neutral current — loop

Sensitive to interference between

e e

7y O9 10
and their primed counterparts

Exclusive decay — theory uncertainty
from form factors

Multitude of observables in which uncert.

cancel to some extent e.g. Agg A"
« zero-crossing point of Agg

~ 4/3 ArB (CP Ave.)

O

-03F

Fl%\I%HI\Iu

Il%\

........................

lSS\h

et al,

2009
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Experimental Status

- Babar, Belle and CDF have all measured angular asymmetry Ay :

20 (0.1¢q%6.25 GeV?/c?) @ [T
ﬁ A =0 24018 | 0.05 < 1.5 :— C7=-C75M : : E : : Belle —
M ©Ne FB - ' 023 - " ° B : : ! : CDF ]

1 : : L |

(1<q%6GeV?/c?) £ ] —— :qL s

BELLE 0_5__ I I : 1 ]
A, =026 £0.07 _i e 4* i ;
0 _i? : z;; =\_
e | I 1 3
. (1<q%66eV?/c?) : . T e :
05F SM .0 T -
AFB=O_43+2'3;6¢O.06 L R TP IS5 S e G st SO IR o551 SRR BSRTEN R
—0.37 0 2 4 6 8 10 12 14 16 18 20

o [GeV?/cY

 Measurements look consistent with each other but errors too large
to give real discrimination between SM and NP models

BABAR: PRL 102, 091803 (2009); CDF: Note 10047 (2010); Belle: PRL 103, 171801 (2009) 40



LHCDb data

Selection tuned on B ,—K*JAhp
without use of signal decay

‘\T\ - | v v v 1 v v v 1 -
| N LHCb E
36pb-1 2010 data yielded 23+6 > - Preliminary .
signal events with B/S=0.2 = 10k V=7 TeV Data J
—200pb: 127431 events T . N, %:*o —234i6 -
— 1fb 1 : 6351154 events - 8 ] e -
(cleanest bin of multivariate ‘2 6:— | E
discriminant, further ~50% of o - | .
statistics with B/S=1) w -, _] h
cf. 2 ‘ ‘
— Babar 60 events with B/S=0.3 ot LI T
— Belle 230 0.25 5200 5400 5600 )
— CDF 100 0.4 M (MeV /)

41



Prospects for 2011

 Measurement requires .

— Signal selection

— Acceptance correction 02 4.0 SM exclusion

— Angular fit 0'0: e L
« Former items being validated on -02
B,—K*J/p decay A
—0.4.

« Assuming that with 1fb-1of data g
LHCDb sees the same central value

as Belle in the low g? region, -08; 5 3 3 -
would exclude the SM at 40 ¢’ (GeV?)



B,—K*uu — Outlook

More data will enable a full
angular fit to extract complete
information from B ;—K*uu
decays

— host of theoretically well
calculable observables

Correlation between

measurements also of interest...

CP-averaged angular coeff.

Ad+Ddg? (1072 Gev Y

Sz AT '"k/ B 00
: q".Ge‘\.:’ ‘ ’ ’ ‘ f'que\:u ‘ ‘ g (G
:’\ 01 S6 AFB
: o moré obkervakles
/With a zefo: 5, S¢
. g (GeV' o q;ln(';g\j: q—'.oe’;.
8 f~ . o ‘ e . \\ ./
- % _amop —
m\\__ ——
— L AL
nfl A NA 4
‘ T
A
T ‘4 - ==
1 —

7 GV

Ball et al. arXiv:0811.1214v2

0
1 2 ] ] s B
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B,—K*uu — Outlook

More data will enable a full
angular fit to extract complete
information from B ;—K*uu
decays

— host of theoretically well
calculable observables

Correlation between

measurements also of interest...

10° BR(B,=u* )

o
T T T

S~ Re(Cs-C.), if phase of C,/C.=0i.e. NP only
C; modified...

from S terms

—

>N

u>0,CMSSM

u<0,CMSSM

with large tan p

___________ with large-tanf3- -

0 2 4 6
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A whistlestop tour...



CKM Measurements

http://ckmfitter.in2p3.fr
T I T T T I T T T

0-7 T T T I T T T I T T T

- - | ]
()] 1 \

gt L Am = % -

0.6 __é v ! d € \ FPCP10

=k | & -

05 Q \ —

— & '\‘ sol. w/ cos 2p < 0 —

~ 'g b (excl.at CL > 0.95) 7]

04 —3 —]

C 2 ‘ .

= C 3 ¢ NP o ]

03 | bd —]

1 ) ~ -

0.2 : \\;\\“a\\ __-

1 TN —

1 S :S\ ~ -

0.1 ! N\ S ~ N\

oy o\ B[ u

o.o 1 Ia 1 I 1 1 1 o pum— 7‘7:! I 1 1 1 1 1 I L 1 1 l ~
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

B.—J/hp$ measurement about looking for NP in B, mixing
Still scope for NP in By mixing?

— CKM angle y determined indirectly (68 £ 4)°

— Loop processes — sin (2B + ¢ 4\7)

— cf. direct measurement of y from tree processes ( currently (70 *14 _
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CKM Measurements

« Time independent strategies:
— B*—D(hh)K*
— B9—D(hh)Ksx*
— B*—>D(Kgnm)K*
- B*->D(Krrx)K*
— B—D¢o

— Time dependent strategies:

m, = 5271.8 = 1.5 MeV

60 0=23.5=1.6 MeV
40

20

- B—D K* B—hh [loops]
With DO K

—~ T : E : T E E : T 3 & 250F
> 180 N s |
= 160 LHCb - = 200
(=] .. ] ©
N 140 Preliminary 3 =
= \'s =7 TeV Data _§ ‘:;
.E E 5 100
o 100 Li,=33.9=34pb" — &
& . Nojgnat = 443232 3

RS

5600
B* mass (MeV)

o

— 0,~10° with 1fb-"

B- =D

With D?> Kt

1.8

600

A
=]
TTTTTTT I

LHCb ]
Preliminary
\'s =7 TeV Data

m, = 5275.23 + 0.90 MeV
og =17.117 £ 1.653 MeV
o, = 53.839 + 13.227 MeV

ssssss

8 )
5400 5600

mg (MeVic?)

5400

Events / ( 11.8 MeV/c?)

LHCb

Preliminary
\s =7 TeV Data

5600
mg (MeV/c?)

m, = 5275.16 + 0.30 MeV
g = 40.661 3.169 MeV
G, = 19.461+ 0.624 MeV
Niignal = 7786 £ 98

With D>

80F

50
40

o

70F
60F

30F
20f
10F

m, =5279.53+2.50 MeV = —
©=23.009 + 2.765 MeV E

'Signal

LHCb
Preliminary 3
Vs=7TeVData

+ ?
5600
mg (MeVic?)
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First sign of CPV at LHCDb

B° - Ktn—, L=37pb~! B » K—7t, L=37pb~1

‘0350 \ 350
2 € S
8 200F 1l ... LHCb o Garofm = = == = = = LHCb
g \ “Preliminary S Preliminary
3250 — Vs =7TeV Data 3250 Vs = 7 TeV Data
2 a
T 200 £200
4 ]
- &

150 150

100 100

C 4 |
y X 50

N S S S R Y Y Y 95

51 52 53 54 55 56 57 58
K'n" invariant mass (GeV/c?)

K'x* invariant mass (GeV/c?)

LHCb world average
Acp(BO->K+*m) -0.077£0.033stat.£0.007 syst. -0.098+0.012
Acp(Bs>T*K") 0.15 £ 0.19stat. + 0.02¢yst. 0.39+0.17

Interference of penguin and tree diagms ... no measurement of y yet



B°—>DK*

fo/fe

B°>Drtt

f(l

s

= 12.88 x

B

—~—

"By

Events /( 8)

fs

| Jd

i ep.n Np,K
— X |:./\/‘(1N[~ o7 ke

€ED.K

|||
fs

Np.x

= 1.018 x

TB, ~ + ++ €D.7x Npux
— — X .\ a ,\ [«.\ E— T d
TB, ep,m ND_x

<>

= 0.242 £ 0.024°" £ 0.018 £ 0.016""

fs

< =

= 0.249 + 0.013°" 4 0.020%" 4 0.025°"

Jd |
| |
Combined:
% = 0.245 & 0.017°" + 0.018%Y*" £ 0.018"™°"| ( LHCb preliminary )
d

N(B->Dt*)=4109+75

600

500

400

300

200

100f=.

S

0
5000

5200

LHCb Preliminary

\Vs=7TeV

Lio~35 pb”!

--m: By Dt

=== Combinatorial

~-m- By Dp

5400

5600

B—~Dn

5800

Mass (MeV)

Events /(16)

N(BO->DK*)=253+21

1 1 T
100 LHCb Preliminary

Vs =7Tev

8 Lin~35 pb”

60 .- B, DK
--a-- B,— DK

40 - Bd_) Dn
—s— Combinatorial

20 LYY TH Bd—) Dp

0 a
5000 5200 5400 5600
Mass (MeV)

5800

Events/(8)

-
o
(=]

120

-
o
(=]

N(BL->D 1*)=670+34

LHCb Preliminary
\'s = 7TeV
Lin~35 pb*

~eme B— D
wme B> th
= Bi— Dy
—a— Combinatorial
e Ay AT
—a— B,— Dp
—a— B,— D nnn

0 - " =
5000 5200 5400 5600 5800

Mass (MeV)
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First observation of B.—K*K*

Observed with 7.40
significance

Sensitivity to NP in
mixing box and
penguin diagram

no measurement of
CPV, yet

B(Bs — K* K*) = (1.9510.47tat. +0.665yst. +0.29¢, /£ ) - 107>

—

Events / ( 15 MeV/c?

22
20F
181
16F
14F
12
10f
8F
6
aF

2
0

=

LHCb
Preliminary

s =7 TeV

L=35.4pb’

r

> o
L

i WM

. «»‘L‘LL ‘ 11»111

Lt

(11
5000

LU
5200

5400 5600 5800
m(K'vK =) (MeV/c?)
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First Observation of B.—J/f,(980)

« Measurement of the BR of the
two interfering resonances f,
(980) and f,(1370)

e CP-odd final state, therefore
possible measurement of ¢,
w/o angular analysis

« Ratio to JAp production
determined,

_ [(Bs—J/yfy, honn™) +0.046+-0.027
Rﬂ)/rﬁ = T(B. =/ qf ¢0—>K+K—) = 0.2527 0350033

 R.Aajj etal., Phys. Lett. B. 698
(2011) 115-122

Events/(5 MeV)

Events/(15 M

B T A Y
35 \/s = 7 TeV Data
30 (a) {
25 "
20 1
15§ '|
1o AL (I

iy U Y | | Nie [f
5 ' i —-1.- \ I®ni :gz! l"‘ il;';;
0 P DAY SEPRI APA WF PEr Lo bl Patr s £ S

5200 5300 5400

m(u*tpatn) (MeV)
4°L'HCb" ——— —
35F \Js = 7 TeV Data
30
25
20 1
10 Ml 4 . “I\Rs
sE 2 _--,,r"-"'“"-'--'..,‘, - -*—_. """"
o ______ s S
600 800 1000 1200 1400
m(x*n’) (MeV)
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Conclusions

B,—uu and Bi—u'w
— Very close to the world’s best limits with ~100x less luminosity than CDF
— With the data collected in 2011 we should be able to explore BR < ~10-8

¢ from B—Jhpd
— Full measurement chain established — currently OS-tagger only
— Expect to have world’s best measurement with the 2011 data

B,—K uw
— First signal isolated, very clean
— Agg measurement competitive with B-factories, CDF with ~200 pb*

Large number of other analyses in progress

— CKM angle y, charm physics, exotics ... should be a range of results for
summer conferences



Signal Invariant Mass calibration

The Y family: Y(1S), Y(2S), Y(3S)

Mass histogram for Y's

Mass resolutions o(M(B, )) from :
1) B->hh’ inclusive sample:
2) Interpolationjfrom dimuon resonances e

=9452.4+ 0.4
=10014.9 =1
=10341+2
=44.9=+0.4
=47.3+0.9
=51+2

Q Q o F® T F
RN S

LHCb
2500
PUTTEY - LI A, = [PK']ce
- B® - [K*r]ce weae A, = [p]cc

““““ g + o ==== comb
phys

iy
a
(=]
o

nterpolation of mass resolutiol

Events / ( 50 MeV/c?)

% 55 = %N, = 1.40052/3
E - Const =3.04 = 0.24
1000 o 50 = Linear = 0.0044 = 0.0001
_________________ o p=-0.89
_____________________ 45
500 o E
C ) S 40—
T TP S J~:':. J‘ I NI =
4&00 4900 5000 [5100 00 5300 5400 5500 5600 5700 35: 6 M B
o S
m,, (MeV/c?) 30F- ’
»5 R
E Mass resolution at mg:
. . . . 20— / 6.83 = 0.14
- similar kinematics/topology ) Jhy, w(2S}

- Selection identical to the Signal onc. 300040005000 60007000 8000900010000 77000

mass (u* 1) [MeV]
—> Avoid to using PID and use only events triggered
by the other b to avoid bias in the phase space [eg resolution]



Geometrical L}kelihood Bins =

Invariant Mass bins (MeV/c?)

B~ up search window
=60, —40] gy sig. §0.0076+0934 | 00050799927 | 0.0037+9.0015 | p, 0047+3 Ll
Observed 39 2 1 0
Exp. bke. 56.1+11 1.2810-12 0.2690:072 | 0.01579020
(=40, =20] g ig. §0.0220100084 | 0.0146+0:9966 | 0.0107+00036 | g.0138+00034
Observed 55 2 0 0
Exp. bkg. | 55.3711 1.241017 0.2577006% | 0.01479:018
220,01 gy sig | 0.03870015 | 0.025+0912 | 0.0183+0.0063 | o 0935+0.0050
Observed 73 0 0 0
Exp. bkg. 54.4111 1.21101¢ 0.246700s7 | 0.01370:06¢
9201 gy sig. § 00376170915 | 0.025+0012 | 0,0183+0:0063 |  235:+0.0060
Observed 60 0 0 0
Exp. bkg. | 53.6+11 1.18%01F | 023570085 | 0.0123505
20, 401 gy sig. [ 00220709984 | 00146409067 | 107+00036 | g g138+0.0035
Observed 53 2 0 0
Exp. bkg. | 52.8+10 1157018 | 0.2247008% | 0.0117500
[40, 60]  pyp sie. o 007600051 | 0.0050F9:00%5 | 0.003770:9913 |1 0.0047 5 001
— Observed DD 1 0 0




B,~2 1 search window

Geometrical L}kelihood Bins

([0, 0.25]

[0.25, 0.5]

0.5, 0.75]

0.75,1] |

Invariant Mass bins (MeV/c?)

Exp. bkg. |  60.8777 1.48%0 1% 0.345%0073 0.0247557
(=60, =401 5.5 sig. 0.0009729%% | 0.0006+29993 | 0.0004+29%2 | (000600002
Observed 59 2 0 0
Exp. bkg. 59.97 11 1.4470-19 0.3297 0050 0.0220-022
(=40, =201 g5 sig. [ 0.0026+9:299 | 0.0017+00008 | 013+00004 | g9 6+0:0004
Observed 67 0 0 0
Exp. bkg. 59.0+11 1.4010-18 0.315+0-077 0.020F0-022
=20, 0] Exp. sig. [0.0045+99917 | 0.003070:9914 | 0.00219+9:09967 | ¢ o280 +0-00060
Observed 56 2 0 0
Exp. bkg. 58.1+11 1.3610-18 0.30019:973 0. 019+g-g§{
0,201 gyp sig. [0.004572917 | 00030109014 | 0 0p219+0-00067
Observed 60 0 0 0
Exp. bkg. | 57.3%]] 1.33%016 0.287%0:061 0.017%5:010
20,40]  gyp sig. 00.0026+09999 | 0.0017+0:9008 | .0013+00%04 | 0016+0-0004
Observed 42 2 1 0
[ ] Exp. bkg. 56.47 11 1.2910-17 0.27410-08% 0.01670-008
40, 60
Exp. sig. §0.000970 0005 | 0.00061 00005 | 0.0004700001 | 0.0006 55007
49 2 0 0

Observed




