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Hot off the press

Cern test ‘breaks speed of light’

0.0024 seconds 0.00000006 seconds 732 km

Intriguing hints for the Higgs boson?

Faster than light neutrinos?

“Hints of new physics” in charm decays?
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LHC reveals hints of 'new physics' in

time taken by neutrinos faster than the expected time distance travelled through rock a
particle decays
SWITZERLAND By J
a Senee o 23::1?;  reporter, BBC News
Geneva -
'TQ'-Y Cern, Geneva
Gran Sasso

.

{Cern

Cern, Switzerland: A beam of neutrino particles is | Gran Sasso, Italy: Bricks with ultrasensitive
sent through rock towards Italy covering at underground laboratory detect arrival

LHC-beauty, or LHCb, is an enormous detector designed to examine CP
violation

Large Hadron Collider researchers have shown off what may be the
facility’s first “new physics™” outside our current understanding of
the Universe.

Related Stories

Antimatter mystery

Particles called D-mesons seem to decay slightly differently from their gains ground
antiparticles, LHCb physicist Matthew Charles told the HCP 2011 Science ups the "anti’
meeting on Monday. on matter

New clue to anti-matter
The result may help explain why we see so much more matter than myetory
antimatter. 2



/ In flavour physics we aim to \

understand 1f
Yukawa coupling to the Higgs field
1s the (only) origin of flavour and
CP violation.

We currently believe

@nstem’s special relativity is Valty




Outline of the talk

Flavour physics
LHCb and physics program
LHCb highlights

— ¢, measurement
— Charm CP violation

— Rare decay results

Conclusions



Flavour physics

Search for and study quantum effects of new Indirect searches
particles in loop-mediated processes - 3

— can probe much higher mass scale (up to = : = a":F -
100 TeV) than Vs (7TeV at current LHC) . ’ :

— E.g. predictions of charm and top quarks I

[
o N I'x """"" bR

Many flavour observables provide a model-independent
search and help discriminating new physics scenarios

— SUSY, technicolor, extra dimensions, 4 generation. ..

Provide information about magnitudes and phases of NP
couplings needed for full understanding of underlying theory

Interesting 1n its own right: need new source of CP violation
to explain matter-antimatter asymmetry 3



CPV and Baryogenesis
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The source of current matter domination over antimatter is unknown.
CPV is one of the three necessary conditions (Sacharow 1967)

d\ (V,g Ve V,)d d
The unique source of CPV in Standard Model is a s'|=|Vy V. V. |s|=Veu s
single phase in the CKM matrix b' Vg Vie Vg \D b

CPV predicted in SM gives Any,,o,/n, ~O(102). It is 10" too small.
There must be come other CPV beyond SM




CKM unitarity test

CKM is basically at work
10% level NP in b—d and b—s

transitions still allowed

Some quantities not very well

measured: vy, |V,
Some 1nteresting “anomalies”

sin2pp vs B— tv, DO Aq
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LHCb: an experiment dedicated
to beauty and charm physics

| éOO phys1ci‘" | 5

15 eountgleq |
54 1nst1tutes |
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=
—
= 4

Ideal place to perform indirect search for new physics



LHCDb physics program

* Major physics objective: indirect search for new
physics effects in loop-mediated processes

— New physics in B, mixing: ¢, I', Ag

— New physics in b — s loop decays: B, — u'w,
B’ — K'u'w, B{— ¢y, B;— ¢¢ ...

— New physics in DY mixing or decays: direct CPV in D
— K'K/n"m, mixing parameters from t(K'K"), t(x ")
and t(K'n ), ...

— Precision test of CKM mechanism: y measurements

» Also EW, exotics, spectroscopy, LFV, QCD ...



An example of "DNA test”

L H C b AC RVV2 AKM SLL FBMSSM ILHT RS
- |[D°_D° Tk | K * * * S o 1 2
£ * | kA | kkk | K * Kk | koK
— | S, Ak | dAkk | kkk * * Ak [ Akk
Soxs *hk | ok * | xkkh| KhKk * ?
w— | A (B X,7) * * * | kkk | kkk * ?
w— | Ass(B - K'utu) 1 * '3 *ddk [ dedkok Y ¥ 2
— | Ao(B— K*utu) - + * * * * ?
B — K“lvp * * * * * * *
w— | B, st Fadk | dekde | hkk | kkk | Akk * *
K* —atvy * * * * * KAk [ Ahx
K; — n%vv * * * * * *kk | kK
ey Ak | deded | ek | hkk [ Akk | Rk | ek
d Kk | dekk | kkk | Kok * Kk * | oAk
d, *hk | kA | KKk * * Kk * | xAKx
(g —2), *AhAh | kA | KAk | Ak | Kdhk * * ok

Table 2: “DNA” of flavour physics effects [55] for the most interesting observables in a selection of SUSY
and non-SUSY models. ¥ signals large effects, #ro visible but small effects and J implies that the
given model does not predict sizable effects in that observable.

Buras, arXiv:0910.1032v1



Bear in mind the limit

mOde|S Of EWKSB W|th NP @ TeV Fig from hep-ph/0207121
lglt}t"l\e/ %l{/gggxw : 3 genenc L1ttle nggs
ED w. SM on T : geneuc ED w. SM in bulk

blane _5 = e

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

----------
.................
..................

reach in indirect signals depends on beyond the SM flavor/CP
violation (minimal=CKM), large parameters such as tan 5 and
theoretical and experimental uncertainties

(Courtesy of G. Hiller) 11



The LHCDb detector

Single arm forward spectrometer optimized for flavour physics

Muon chambers RICH system
Trigger + u ID p, K, ID

SO / {
/ f
!
: -
| : a
f
{
i

Precise tracking

Good mass and IP resolution to
suppress background

Good vertex resolution for time I|

dependent analysis

Tracking stations Dipole magnet

Excellent particle identification WAL ECLandPrshowe/sp0 | |_mementum
/K separation over 2-100 GeV
Powerful muon 1dentification

Efficient trigger
Low P thresholds for lepton,

All B species produced v/ and hadron

B, B, BY, B, A, ..., tc.c.

12



Integrated Luminosity (1/fb)

2011 running
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o Delivered Lumi: 1.2195 /fb

L

1.6
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* Recorded Lumi: 1.1067 /fb

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

14
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Analyses presented today based on 2010 and early 2011 datasets



Data processing

RO —

Manchester |

8 Weel

LCG.CNAF.it

Running reprocessing jobs, by site

ks from Week 39 of 2011 to Week 47 of 2011

LCG GRIDKA de

W LCG.IN2P3.fr

B LCG SARA nl

LcG.Nzp3 2 LEGPIC e

LCG.GRIDKA de

LCG.Manchester.uk

B LCG Krakow.pl <
B LCG UKI-LT2-QMUL uk.

0 LCG.CNAF-TZ.it

O LCG CERN.ch

LCG IN2P3-T2 fr

B LCG.DESY.de

O LCGJINR.ru

LCG LPC fr
LCG.AUVER fr

B LCG.IHEPsu

W LCG Bristol uk

B VOLHCB20 cern ch
B LCG.CSCS.ch

NIKHEF nl

._‘mGooin'

LCG Krakow.pl
LCG Manchester uk

Generated an 2011-11-2%

m Only 2 months to reprocess all of our 2011 el
datal!

m Over 2PB of data on disk.

By
|

}/\.\44 u
I'7
!

l/”.“ﬁ" o

m Using resources all over Europe to do this.

o0 Jul 2011 Aug 2011 Sep 2011 Oct 2011 Nov 2011
Max: 1.78, Average: 1.03, Current: 1.54

. . - 3 /Real Data/Recol0/Stripping13b 423% W /Real Data/Reco08/Stripping1d. 14%
H /Real Data/Recol 1/Stripping15 122% [ /Real Data/CHARM.FIRST-14-NB-Merged 13%
B /Real Data/Reco12/Stripping17 102% @ /Real Data/Reco04/Stripping0S-PrescaledMinBias 11%
B /Real Data/Recolla/Strippingl6 7.8% W /Real Data/Reco0d/Stripping05 0%
B /Real Data/Reco08/Stripping13 72% [ /Real DatalRecol0/StrippinglPointaTeV 08%
I /Real Data/Reco08/Stripping12b 66% 7

Real Data 07%
ipPINg10-Merged 26% [ /Real Data/Recol0/CaloFemtoDst02 04%
0 /Real Data/Reco08/Stripping: 15% @ /Real Data/Reco08-MINBIAS-FIRST.14-NB/Stripping12d  03%

conferences - expect great results.

Stay tuned! .



Search for new physics
in B, mixing

B, — JApg
B, — JApt,

15



New physics in B, mixing

e Measure CP violation through interference of ®p
decays with and without mixing: ¢, = ¢,,~2¢,
AN /;D

* Precise SM prediction [A. Lenz, arXiv: 1102.4274]

. V.V
6y = ~28, = —2arg (— = V‘i’:) = -0.036+0.002 rad
cs " cb

Iy bV, (uc)t Vw q

> -
' >
h, < . . Do ’:_5 ; 7+ 0
.+ penguin diagrams B () Vs +NPS™ () %
2R
> <

q VM (ue)t V, b

Tree decay diagram immune to NP Mixing affected by NP

» New physics can significantly enhance ¢, . SUSY, Little Higgs,
extra dimension, 4™ generation, extraZ’, ... 16



Examples of NP effects

™

LN

Little Higgs Model with T-Parity Warped Extra Dimension Model
[M. Blanke et al., Acta Phys.Polon.B41:657, 2 010] [M. Blanke et al., JHEP 0903:001,2009]
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[W. Altmannshofer ez al., arXiv:0909.1333|



Describing B,— JApK"K™

* B, —=JApK'K" 1s mixture of 4 CP eigenstates
— 3 K"K~ P-waves and 1 S-wave

e Described in 4D space

— 3 angles (6, ¢, ) and proper time t .. 5
* 10 physics parameters DN

— |6 amplitudes and strong phases
— |¢, AT',, Am, T,

7 0 — Jhhd 141
d F(Bs Jhbo) _ d 1"' N S‘
dt dcost dp dcosy  dt dS2

hie(t][f(2)

» —

(+ descriptions of background, efficiency, resolution, mistag rate.)
Need flavour-tagged, time-dependent angular analysis. 18



Extracting ¢, in B.— JAWK'K-

¢, 1s obtained from time evolution of B, (B,) to CP eigenstates

e.g., B, (TB ) to longitudinal final state

o AT
|Ag|=(t) = |~1..|" —Ts t[CO\h (Tt) — cos ¢s sinh (—t>+-s1n (Amt)]
+ for B,
- for B,

* Analysis requirements
— Separate signal and background
— Separate different CP eigenstates
— Identify the mitial B flavour and know mistag probability

— Resolve the fast B oscillation and know time resolution o



|Aol?(t)
1Ay (t)]?

|AL ()]

(A () AL(t)

R(Ao(t) Ay (1))

R(AS()A)(2))

I(AT(BAL()

R(AL(t)Ao(?))

Time evolution for reternece

|Ag |2e—1‘st[cosh (ATFt) — cos ¢ sinh (%t) n(Amt)] , )
Ar AT Major source of
2 It Al s s (AL \ S
|A)[%e [cosh ( 5 t) cos ¢ sinh ( 3 t) n(Amt)] . SenSItIVIty to (I)S
|A | |2e~T+*[cosh (ATFt) + cos ¢¢ sinh (ATFtin(Amt)] \

AT
| A I[AL le=Fst[—cos(d, — d)) sin ¢s sinh (Tt)
—cos(d — 6||) cos ps sin(Amt) + sin(d) — §)) cos(Amt)],

AT Al
|[Aol|A e~ T=t cos(d| — do)[cosh <Tt> — cos ¢ sinh (Tt>

sin(Amt)] )

Al
|Ao||AJ_|e—Fst[_ cos(d] — o) sin ¢ sinh <7t>
—cos(d] — do) cos ¢s sin(Amt) + sin(d | — do) cos(Amt)],
|As|?e T =*[cosh (A—Ft) + cos ¢s sinh (A—Ft in(Am.t]
s 5 Ps 2 Vs )
—Tot[ . oL Al . .
|Al|Ayle™" =*[—sin(d)| — ds) sin ¢, sinh Tt —sin(d) — ds) cos ¢gsin(Amt)
+ cos(d) — &) cos(Amt)],

|As||ALle =t sin(6) — ds)[cosh (ATFt> + cos ¢ sinh <A7Ft>

in(Amt)] \

|As||Aple ™= [~ sin(dg — &< ) sin ¢ sinh (%Ft)

—sin(8p — ds ) cos ¢s sin(Amt) + cos(dyg — ds ) cos(Amt)] . 20



Separating signal and background

x10°

A
5—50 mllllon LHCb Preliminary
“JAp signalsf } N=7Tev. L2

¥ N.  =5.08e+07 -

Signal _

* Very clean B,— J/¢ signal

1400

— powerful muon trigger

1200

— excellent kaon identification 0o, poorem 4
800 I
— require t(B,)>0.3 ps to )
remove dominant background i E
from promptJAp L T
p p w 03 3.05 3.1 15 3.2
my, [MeV]
. . % 1000[ ' ]
* Use B, candidate mass variable S | LoD T
. . . E L — signal i
to statistically separate signal s 10.37 tb! - background |
. 84
and background 1n fit "




Separating CP eigenstates

Different CP eigenstates are statistically separated in maximum
likelihood fit using angular information

k hy. t) fk(ew 11»'»‘19)
A T —T T T — T ™ -
o sooE— LHCb preliminary 1 | Aol (t 2cos? 1 (1 — sin? 6 cos? @)
e L \S=7TeV,L- 337 pb" i, L .
£ 500F 2 | Ay ()] sin® ) (1 — sin® #sin” ¢)
g N _ 2 in2 ) sin2
3 3 |A L ()] sin“ 1) sin“ 6
=
- 4 | (A () AL(t)) — sin? ¢ sin 26 sin ¢
E 5 | R(Ao(t) Aj(t) 1V/2 sin 2¢ sin? 6 sin 2¢
E 6 | I(A(t)A (1)) 1/2 sin 24 sin 26 cos ¢
- ~ CP-odd ; 7 |As(t)|? 2(1 — sin® @ cos? )
100 -~ N 5
L~ S—WaVe (Odd) N1 8 R(AZ(E)A) () % 6 sin ¢ sin? 6 sin 2¢
|—_— PO S S T ST S W R B R S R
0-1 -0.5 0 0.5 1 9 S(AL(t)AL (F)) % 6 sin 1 sin 26 cos ¢
0S8 | 10 | R(AI(B)A0(t)) | 2v3costh(1 — sin Bcos? @)

Relative variation of angular efficiency <5% and accounted for

according to full MC simulation )



Identifying 1nitial B flavour

 Initial flavour of B inferred from
— Opposite Side: products of the other B meson
— Same Side: fragmentation particles associated to signal B
e Currently use OS, fully optimized and calibrated on data
(SS tagging will be used in next round of analysis)

s 0.6[

w 160 ------- T T T T —
8 L LHCb preliminary\s=7TeV E
< 140 : #

ﬂ120; OS

S 100F

80 E }
60:: i}*'l {

0.5F

OS

0.4F

0.2:-
40 : [ LHCb

— 0.3

C [ Preliminar
22; ﬁ#ﬂ* [u 0'15_ \s=7Te VDty
A 0'2 — 0f4 — '0 o6 % "'01'"'02""03"'b4"'b5"'b6
. . . - Wrong tagging probablhty
Effective tagging efficiency very well calibrated with

(191 10.23)% B+ s J/IPK+ 23



Time resolution and acceptance

108
Time resolution model obtained from & LHCb Preliminary

8 10 \s=7TeV, L =337 pb’

prompt events :
10?
10

Effective proper time resolution 50 fs |

10

10»2 Ll

Decay time (ps)

LHCb-CONF-2011-049

Compared with B_ oscillation period of about 350 fs
Am,=17.63 £0.11 + 0.02 ps’! LHCb-CONF-2011-010

Efficiency as a function of proper time obtained from data

24



B,— JApK K" fit projections

Events /0.2 ps
S 2

p—
-}

m -
o 2 4 6 8 -1 -0.5 0 0.5 1
N cos O
= EANET -
= IR =
< = 4007 + 55 ~
< — i 2N /‘/ S~
é /_/ N -
22005 N
Lu e
. ] i |
G.ﬁ,.-.,.-,...,.,..‘...‘....,...‘..,.‘...,..‘....‘..,r...‘...‘..‘..‘._. e R R R e T T
-1 -0.5 0 0.5 1 -2 0 2
cos @ [rad]

Goodness-of-fit: p-value 0.68 based on
point-to-point dissimilarity test [M. Williams, JINST 5 (2010) P09004]



¢, results from B,.— J/APK'K-

™

arXiv:1112.3183, submitted to PRL

a 0.2 _LHCb ............ . ._.;;:,,...; ....................................... ¥ best fit S
— i T, —— 68% CL 1

e i \"-, — -~ 90% CL
< O‘l _“"\ )": ..................................... 95% CL R
B 3‘/ m Standard Model |
Ok N
O T NN ]
! ‘-k A
2O D e e . ...— ............. —

i . L
0 2 4
¢, [rad]
* Two ambiguous solutions P, > T-Q; AL, > -AL

« World’s most precise measurement of ¢
¢, = 0.13 = 0.18 (stat) £ 0.06 (syst) rad
consistent with SM prediction ¢, >M =-0.036 £ 0.002 rad
* 40 evidence for AT’ #0
AT, =0.123 +0.029 (stat) = 0.011 (syst) ps™ 20



“artist’s view

Preliminary results overlaid ] Do 8fb
— 68% CL [ ] CDF 5.2fb"
"7 95%CL [] LHCb 03fb™
¢ Standard Model
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Method to resolve the ambiguity

[Y. Xie et al., JHEP 0909:074, 2009]
Similar to Babar measurement of sign of cos(2p), PRD 71, 032005 (2007)
K*K- P-wave:
Phase of Breit-Wigner amplitude
increases rapidly across ¢(1020) :
mass region by

(Iﬁa d)
w
[

F.Fp

2 _ 2 T (1107
my — M — imel (MK )

strong phase

BW(mgk) =

K*K-S-wave:
Phase of Flatté amplitude for f,(980)
relatively flat (similar for non-resonance)

1 1 l 1 1 1 'l 1 1 1 l 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1
1000 1Q'20 1040 1060 1080 1100 1120
I K*K™ invariant mass (MeV)

Phase difference between S- and P-wave amplitﬁdes
Decreases rapidly across ¢(1020) mass region

Resolution method: choose the solution with decreasing trend of .-
dp VS My in the $(1020) mass region 28



d¢-d, (rad)

I N T - T I

1
(<]

Ambiguity resolution

Paper in preparation, to be submitted to PRL

Winner solution 1s consistent with the SM predictions
The other solution 1s excluded at 4.50 CL

E — ! | ! |

; 8-‘ 02 _LHCb ......... '/,*‘;-{’.\ ................................... * best fit

- 5 — B I\ — 68% CL _
— LHCb '—i—' ey i \‘-._ — - 90% CL

} T N < 0.1 __“\ . }: .................................... 95% CL ..... —
= I — solution | \/ : B Standard Mo@el

g 0 | : |

? — solution I

-t % s 4 .

3 1

| | | | |
990 1000 1010 1020 1030 1040 1050 0 > 4
m,, (MeV)




Events/ 5 MeV

Events / ( 15 MeV/c?)
N
3

B.— J/pft,

arXiv:1112.3056 , submitted to PLB
LHCB-CONF-2011-051
A LHC'bl Ll l L . L Ll l L L Ll Ll l L L

400

350 Preliminary
300 \'s = 7 TeV Data
L =378 pb"'
250 ,
B = J/WKTT

200 BO— |/ pTrTT
150

100

50 T Ngyox L _ e

T

£5(980)

it

n
S

-
[42]
(=)

1500. = .2000
m(z*r) (MeV/c?)

v »
<

CP odd final state alone
cannot determine I';and AT

Using AI' and I, from B.— J/¢
¢, =-0.44 +£0.44 +0.02 rad

Combined fit of B,.— J/f, and
B— J"po
¢, =0.07 £0.17 £ 0.06 rad

30



Prospects tor ¢,

Improve statistical error o(¢,) from B.— J/p¢
Expect 2 tb"! by end of 2012 — o(¢,) ~ 0.07 from simple scaling
Using same side kaon tagging will give further improvement

Reduce systematic error significantly
Use better method to treat background and angular acceptance

Control theoretical uncertainties

Main 1ssue: effect of penguin contribution on ¢, needs to be controlled to
match the experimental accuracy of ¢, with 2 fb-! or more

Expect using 2011+2012 data sample to measure Ap(B,— JAYK") and
exploit the U-spin relation between B.— JApK™ and B, — JAp¢

[S. Faller et al., PRD 79:014005, 2009]
Exploit more channels: B.—J/Apn, JApn' and D D,

Measure Ag; which probes the same physics
31



Search for new physics
in charm sector

AAcp = App(DV—-KKY) — Ap(DV—mhm)

32



CP violation in Charm

SM charm physics 1s almost CP conserving,
CPV up to O(107%) plausible, being revisited!

(hnitary triangle for charm

VidVaa ¥ ViV # Vi Vap = 0

us cs

_ N 45
\)L A A J

\_

With b-quark contribution
neglected: only 2
generations contribute
- real 2x2 Cabibbo matrix

J

CP violation in charm not observed

New Physics can enhance CP-violating observables
up to O(%)

33



CP asymmetries in D—h'h

[N

_ N(D*+ = D%f)rt) — N(D — D°(f)=—) D flavour tagged with

Araw — B r < *
(/) N(D*+ — DO(f)nt) + N(D*~ — DO(f)7~) slow pion from D
Physics Detector Production
Araw(f)" = Acp(f) + Ap(f) + Ap(m) + Ap(D™)
[AACP =A_ (KK)-A_ (1) = A, (KK) - A, (m)]
Production and detection asymmetries cancel
%60000:- LHCbI | ID'O — K‘LIKI % LHCbI I 1|)0| — 7r+;r__ j
= =
2 | ‘ S 10000
g F l4million § [ 0.4 million
Ezoooo- candidates & 5000/~ candidates

0 n A
1820

r M M 3 L r A N M ] 2 M
1840 1860 1880 1900 10820 1840 1860 1880 1900
m(K'K*) (MeV/c?) m(x*) (MeV/c?)



AA_p (%)

Results

arX1v:1112.0938, submitted to PRL

AAcp = (—0.824+0.21 +0.11)%

0 5 10 15

. 20
Run block

First 3.5¢0 evidence for CP
violation in charm sector!

Analysis based on 60 %
of collected data.

Update on full dataset
for Winter Conferences

Is this sign of new physics? Need further information.
from theorists: better understanding of SM predictions
from experiments: measurements of more charm

observables



P;Z;Oert);r Observable

6Kﬂﬂﬂ

Bottom line:

Ar & AAcp are discovery modes

For theoretical interpretation
need to measure all together




World average

50 0.02 grwrzrvcummm

2 0.01 5 HCP 2011
0.01 A, LHCb Prelim.
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Search for new physics
in b—s loop decay processes

B, — uww  EWor Higgs penguin
BY —» K'ufu- EW penguin

B, — ¢¢ hadronic penguin

B, — ¢y radiative penguin
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+, .-
Bs — W u
* B, — u"w 1s very rare but well predicted in
the SM

= FCNC loop suppression

* Helicity suppression
BRy\ (B, — n'u)=(3.2 £ 0.2)x107
[E. Gamiz et al., PRD 80:014503, 2009]

« Sensitive to new physics in scalar/pseudo-
scalar sector

¢.g. MSSM with high tanf3

tan°B
M,

BR(B, — )=

* Measurement or limit will become strong

constraint on NP, e.g. on (tanf3, M, ) plane % 70200 30 40 506 50 700 0 8007005 °
[O. Buchmueller ef al., Eur.Phys.J.C64:391, 2009] M, [GeV/c’]




B, — u'u status

B, — u”

Spring 2011

Experiment Data

Upper Limit

(95% C.L.)
CDF 37f" <4.3x108
DO 6.1f" <5.1x108
LHCb 36 pb! <5.6x 108
CMS 1.14 b1 <1.9x 108

* CDF recently reported a hint of

signal with 7 fb-!

p-value background only: 0.3%
p-value background + SM BR: 1.9%
= p-value background + 5.6xSM BR: 50%]
+ - +10 -8
B(Bs—’HM)=1-8_o.9XIO °

5322

(4.0x108)

[CDF, arXiv:1107.2304]

1 070<w,<087

x 0.2

087 <v,<0.987

\\\\\\\\

§ DA 3

1 1 -

0.9587 <v,, < 0.995

Background

W +signal (SMes.8)

v, > 0.005

Bl
CC

1 S

3
AP R EANARARNNNNENNY

"

5370 5418 8322

5370 5418 5322

5370 5418 5322 5370 5418
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LHCDb analysis strategy

Discriminating signal and background using 2 variables
invariant mass of u'u: parameterization from data

output of a Boosted Decision Tree (BDT): built on 9 kinematical and
topological variables, trained on MC, shape of BDT output obtained on
B—hh (signal) and B mass sideband (background)

Normalization

using B"™— J/WyK", B.— JApp and B; — Kt

LHCb f/f; = 0.26710921-  ,, LHCb-CONF-2011-028, arXiv: 1106.4435

Assessing BR and setting limit

For a given BR, compare observed and expected numbers of events in 6x4
bins of m(u"w) and BDT output for signal+bkg and bkg hypotheses
Calculate CLS [A. Read, J. Phys. G 28 (2002) 2693]

Exclude the BR at 1-a C.L. 1f CLs < a

The highest BR which is not excluded is the CLs limit at 1-a C.L. 4



Probability

BDT and mass distributions

4 bins in BDT output

120 MeV B mass search window divided into 6 bins

arXiv:1112.3056, submitted to PLB
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LHCb: B, - nu'u?

m,,, =35.357 GeV
BDT =0.90
Decay length =11.5 mm

Tracks shown for pr > 0.5 GeV |

462011 18:57:08
Run 93593 Event | 179897868 bid 1140 \

0.75<BDT<7
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B, — np: Results and future outlook

World's best limit: LHCbh with 0.37 fb~*

v e by by by 1l
0O 02 04 06 08 1

I1.2 14 16 1.8 2
B(B] — u* w) [10°]

BR(Bs — putu~) < 1.6 x 1078 at 95% CL
BR(By — utp~) < 3.6 x 1079 at 95% CL
Submitted to PLB [arXiv:1112.1600]

BR exclusion and discovery projections

Analysis being updated with the 1.02fb™"
LHCb data on tape

= Good chance of a 3¢ discovery!

B(B] — u* i) Upper Limit at 95% C.L. if SM [10°]

Frr T
1.8

16
141
12F
1
0.8
06
04

L B B B B B
LHCb
Projection from 370 pb™

Pl F S A T T R N I W W A W M W wSM_w:
0.5 1 1.5 2 2.5 3 3.5 4
Luminosity [fb™]
B(B. — u* w) 3 o discovery [107]
Frrrrrrrrp T T T T T T T T T T rrrTTTTTH
LHCb

1.6 [
14F
12F
1F
0.8}
06 f
04f
0.2f

Projection from 370 pb é

SM 1

1.5 2 25 3 3.5 4

Luminosity [fb™]
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JHEP 0901:019,2009

B! - K'uu
FCNC b—s decays

Sensitive to NP in loops: MSSM, LHT, ...

Described by three angles (0,, O, ¢) and w
*u invariant mass g>

Many observables, particularly lepton
forward-backward asymmetry Ay vs g2

1 0 92/ o ( ) ‘
cds(r'=-1) /diI'+1y 3, . .
App = — d cos O — : : - = —=(25; + S¢)
kB [/0 /_1] v ldqg d cos HI/ dq? i_\'( 6 6

Observable mostly affected by
018 Yo o8 e - y ) sl
Abl, A_Sl. -52. ‘S_} (‘T. ( -{-. (v[.). (gw (v]l)s ('1“ %\
Q \l 4 \ \
O3 C7, Cy, Co —_— '\ K \
S Cr, Ch, Cho, O NG \
T ) ) ( \ \, Y 1
- —_— o \\ \ \
S 5 C '7 , C 'f- s ( "J~ C '1() l\\ ‘\“_—_‘\ \\\H =0 har H
G NI RN L
Sg C;, Cy \ \ ‘\\ \\ \
\\ \\ N “ »\\‘
A- C., C f— C 105 C i(l G NN \\ \\
- - - - - AN \ N \
Y Y Y " ] N | N\, +
Ay C,, CL, Cy, C, Cl RN
\j Y, -y \
Ag cLCl, Ol .
Se Cs — Cj

B,

AT

Higgs box L\_l\\\

Gluino loop
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B factories and CDF results

Intriguing behaviour with poor precision.
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LHCDb analysis

LHCb- CONF 2011-038

10°
10°
i
JE .JLL — 10
1

Select 302420 signals in 309 pb!
using a Boosted Decision Tree

Veto J/Ap and psi(2S)

Perform angular fit in six bins of
q° to measure

" Apg, longitudinal fraction F

Events /(20 MeV/c?)

/(20 MeV/c?)

w

000 < q> <200 GeV/c* 200< q° <430 GeV/e?
LB L B L B L e L L L B R R B
30 §14
25 gl-
0 QW
15 E s
10f E i
v S
5 w 2 P
ShLLLe mg
100 3200 3300 5400 IS0 S%00 fo0 3200 3300 5400 =5 Boo
430<q <808Ge\ /c 1009<q <l°80Ge\r /c
i & BF
0 §m_
)
20 = 5f
30 330‘
2,15-
& 1k ‘
4
YR -
[ | ﬂ. ‘ ST 1.Z
100 5200 3300 5300 5500 5600 100 3200 3300 5400 5900 5800
1418 < q° < 16.00 GeV/c* 1600 < g* < 19.00 GeV/c*
10 T T T T 2

Events /(20 MeV/c?)
0 B s e O o =

5200 5300 T 400 TS 5 s10d

MKnup [MeV/cz] MKnuu [MeV/cz]
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Angular fit

* Perform simultaneous fit of 0, and 0,
1 d°T 3 5 3 _ 2,
- — 2 F cos2 O 4+ —(1 — F)(1 — cos fx
[ dcos O dg? 5 1L COS UK -+ -l(l FL)(1 — cos® Og)

1 d?T

3 _ 5 3 o 5
[ dcos b, dg? - IFL(l — cos” Op) + :(1 — Fp)(1 + « s 0p) + App cos by
, bh p O

o Angular e fﬁ Clency from fu]l I LHCD Preliminary _ LHCDb Preliminary

MC simulation 2o + 3 o di

g | s I + sideband:

 Fit procedure validated on 3 |
B%—JApK™ data and full MC A )

d 705_ _ |
Backgrour}d a.ngular | * bkg . \
parameterization obtained from O sa6n40s b 63040505 1 T 0Ehe0as 003040605 1

. cos 6 cos 6
B mass sidebands

B mass signal B mass sideband
window 49



LHCD results: A,

Theory MM Binned theory
—e—LHCb

. S —
< [ i
0.5 * -
of +-'
0.5k LHCb :

i 2 = L 2 ] 2 s 2 | 2 " » 1 . L 2 i

0 5 10 15 20

q2 [GeV?/c4]

arXiv:1112.3515, submitted to PRL

Good agreement with SM predictions
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LHCD results: A,

Theory M Binned theory
——-|_HCh —=+-CDF -®-BELLE —*BaBar

| |

F—k—

Arg

LHCb

1

g 2 1 2 & & a1 o o a1
0 5 10 15 20
g2 [GeV?/c4

LHCb [arXiv:1112.3515, submitted to PRL]

BaBar [PRD 79 (2009)], Belle [PRL 103 (2009)], CDF [PRL 106 (2011)]

Positive Agg in low g2 region by previous experiments not confirmed



LHCD results: F,

Theory B Binned theory
== HCh

b " LHCb -
0.5 } .

0 _

0 PR T T | ; 3 3 3 1I0 PR TR T | 1I5 P T T | 20

g2 [GeV?/cY]

arXiv:1112.3515, submitted to PRL

Good agreement with SM predictions
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LHCDb results: F;

Theory B Binned theory
-—=|HCb =+-CDF -#-BELLE —"BaBar

W LHCb -
T .
g2 [GeV?Z ¢4

LHCDb [arXiv:1112.3515, submitted to PRL]

BaBar [PRD 79 (2009)], Belle [PRL 103 (2009)], CDF [PRL 106 (2011)]
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Prospects for B! —» K 'u'w

Data in good agreement with SM
predictions at current precision

Constraints on Wilson Coefficients will
be studied

Measure zero-crossing point, well
predicted in SM, sensitive to NP

Interesting to study other observables
in full angular analysis

= CP asymmetries
= A3 and A.(M sensitive to right
T T g
handed currents (C,’)

d*I'(B — K**¢=) 1 dl , 1
dqg?*do 27 dg?

K)

e

+ —Fr(q%) (Ag,?)(qz) cos 2¢ + Agln)(qz) sin 2(:5)]

o B—Kipp,
muon AFB

010;,,
0.05:

b -
LN,
N.

085 S ‘:

S I TR B
(Based on...) @)

W.Altmannshofer et al. [JHEP 0901:019 (2009)
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NP in B, — ¢¢

Time-integrated 4 _NU>0-NU<0) , NI >0)-N(F<0)
Triple product asymmetry ° NU>0)-NU<0)"" N >0)- N <0)
4T 5 _
10 'fx|a4§(_f )7 f1(2) + | 4|| ()] - f2(Q) + |AL®)? - fa()+ U = sin2®
E\‘f(flﬁ(z‘ (t) ] fa(€2) + R{AG(E) A (t)) - f5(2 V= Sin(i(b) sign from f,(Q)

1, (t) ,,]fe(

SM prediction A, =0. Non-zero measurement means weak phase

difference between CP even and odd eigenstates, clear sign of Np
[M. Gronau and J. L. Rosner, arXiv:1107.1232] 55



- LHCb Preliminary

S Gy L N=326+19
[ Width= 14.1: 0.8 MeVic? L=34O pb-1

o Nsig = 32570 - 18.55

g

B, — 00

LHCb-CONF-2011-052

Events / 10 MeV/c?
*®
o
T

Very clean mass peak.
No flavour tagging needed for
triple product asymmetry

Mass(i) (MeV/c?)

m_ Rm

r~
O LKCD Preliminary e LHCD Preliminary
gmo_ Ja = TTeV E!N Ja = 7TeV
¢ F —+— :

- )

af &

wlk | —+— | L &

o I I
xf 2
Ly 22 ) 02 04 % 08 ) 05 1

U = cos(0jsing) Vesini2)

A, =-0064=0057+=0014 A, =-0.070+0.057+0.014

CDF (arXiv: 1107.4999): . Cons "
Au = -0.007 + 0.064 (stat) + 0.018 (syst) onsistent with zero
Av =-0.120 + 0.064 (stat) £ 0.016 (syst) * Next step : measure CP asymmetry °



NP in B, — ¢y

br by, up,cr,tp SL by, g SR
~ < > > = <
T ) a
\ / \ /
> W+, 7L * . . TR
M- ’ \~*—/
Dominating SM quark level An example MSSM diagram with

diagram has left handed photons  rjght-handed photons

Experimental probe: A, (or effective lifetime)
[F. Muheim, Y. Xie, R. Zwicky, PLB 664:174, 2008]

R(r) o e™[cosh(AT #/2)+ A, sinh(AT ¢/2)]

A, sensitive to fraction of right-handed photons (even for small ¢,)
A, ~ 01n SM, can be enhanced by NP with large RH currents.
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Events/(80)

B, — ¢y

First step: measure BR. LHCb-CONF-2011-055
B(B"— K*04)
B(B!— ¢7)

™

= 1.52 + 0.14(stat) £ 0.10(syst) £ 0.12(f/fa)

— T T 1 -~ rF*TT7Tr>TrTrTr T Tr
400 LHCb Preliminary Ngsy = 1599 +58 3 60f- LHCb Preliminary Ny = 210+ 21 -
350F- V<7 TV [L=340.1 pb’” Hiey = 5275i5M9V’2°2 T [ \seTTev [L=340.1pb" oy = 5361 MeVic? ,
3005_ P 153 + 5 MeVic ‘g 50_— Oy = 150 + 13 MeVic —
3 s F :
250F- TR
200p 30F
150F- -
3 20
100F- S \ SR ol O i SN
505_ L = T o
05 " PP | N N N N 1 PR M N 1 0:. T | N N N N 1 N PRI M 1 N
4500 5000 5500 6000 5000 5500 6000
M(Kry) (MeV/c?) M(K'K) (MeVic?)

Next step: measure A



LHCDb ugrade

* 2 1{b-1byendof 2012 and ~5 fb! up to 2017

— Pursue severe test of SM

« Upgrade
— 40 MHZ full software trigger @ 2 x1033 cm= s°!
— 10 times more event yields

— Major upgrade of the tracking and RICH systems
— Ready by 2018

* Physics case in Letter of Intent

— Discover and fully understand physics beyond the SM through
precision measurements of key parameters in B and D physics

— Search for lepton flavour violation: 1GeV Majorana neutrinos , LFV
T decays

— Explore physics in the forward direction: long lived exotics, EW
measurement, QCD study ...
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Conclusions

LHCDb has achieved excellent EN N O
results in key measurements
No significant deviation from SM i — 2
¢, [rad]
seen yet RS e
0.5;- h-

Will continue new physics search

— at higher precision ‘[ 5
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