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% Introduction and Summary

LHCD is the dedicated flavour physics experiment at the LHC

ATLAS and CMS search for the direct production of new states; LHCD is designed
to see their indirect effect on charm and beauty decays via virtual production in
loop diagrames.

Wide physics program: Quarkonia, heavy flavour production and spectroscopy: b-
hadron masses, X(3872), pp—p+X+p,... CPV: B—>Dh (y CKM angle), time
dependent Bg studies (¢g), charmless B decays, first evidence in charm,... Rare B
and D decays: B ;—uu, B—huu, D—uu,... Beyond heavy flavour: W and Z,

inclusive jet and dijet, K¢, A, ¢ production

57 physics publications to date, more in pipeline; >80 preliminary results
submitted as Conference Papers [LHCb-CONF-xxx, www.cern.ch/lhcb/].

- Detector and run conditions
- Physics results for rare decays and CP violation. A personal (+Luca) selection.

- Future plans
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LHCb: acceptance and cross sections

Detector Acceptance

UA1 = ' '
CDF

A general purpose, high resolution :30;:

spectrometer in the forward direction; U

covers the forward region at the LHC CMS

in a unique rapidity range: 2<n<5. HHce

LHCDb exploits the strongly forward peaked heavy
quark production: covering only 4% of solid angle
the acceptance for b-quark production cross section
is ~40%.

Large cross sections:

o(bb) = ~300 ub; ~10' b decays on tape (2011)
o(cc) =~6000 ub; ~10'2 D decays on tape (2011)
(at 7 TeV, ~15% more at 8 TeV)
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Vertex detector: VELO

Silicon strip detector with ~ 30 um

impact-parameter resolution

Side View
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% Momentum and mass reconstruction

Tracking system and dipole magnet to measure angles and momenta Ap/p
ther with VELO ~ 25 MeV (for B, — up)
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~ 0.5 %, mass resolution, toge
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Data taking in 2011 (at 3.5 TeV’

LHCb Peak Instantaneous Lumi at 3.5 TeV in 2011
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Data taking in 2012 (at 4 TeV,

LHCb Peak Instantaneous Lumi at 4 TeV in 2012

Stable conditions currently are:
- 1274 colliding bunches,
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- Luminosity leveling at 4x10°?cms-!
Continuously adjust beam overlap in collision
region, in harmony with higher luminosity for
ATLAS/CMS. Luminosity kept flat at optimal
level.

Nicely working with both magnet polarities:

polarity regularly switched to cancel systematic
effects.
New this year: beam optics changed to decouple

crossing angles from LHC (V) and spectrometer
magnet (H).

- Triggered at two levels:
14 MHz — 920 kHz in hardware

920 kHz — 4.4 kHz in software

2012 run conditions
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% Toolbox - 1

- the use of normalization channels to convert observed number of events in BR
reduces systematic errors, in particular from little known production rates;

S L A B R BRI B
LHCb  Training samples  Test samples

» Signal MC I signal MC
s/ Background?

=Y

- MVA operators, based on Boosted Decision Tree
(BDT): combine kinematical and/or geometrical
and/or quality information (B vertex position, p,
%2 track fit, PID,...) to classify events as signal or
background; BDT algorithm, a learning technique: |
combining “weak” classifiers, achieve a final R I R T e v

;4 -Background p
g

Arbitrary units
w

N

-

BDT
powerful classifier [arX1v:physics/0408124]; 2 ' T ]
optimized on MC and calibrated on data. s LHCb :

s [ Ja b Preliminary i

3@ A':,:f:”‘ % ;{?i;;;\ & Data B

- use of control channels/samples [with geometry/ i3 P o ¢ ]

trigger/selection/... as similar as possible to the signal] 9 %ﬁ ]

< L g

to avoid/reduce dependence on simulation (angular T ]
distributions, charge dependency, time acceptance,...); o

0.2 0.4 0.6 0.8 1

BDT response
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% Toolbox - 2

- Very good PID for muons and hadrons; performance and misID from data;

- Blind analyses: signal region not looked at until the analyses are frozen.

- Analysis optimization: maximize relevant differences e.g. “SM signal plus

bkg” and “bkg only” hypotheses, asymmetries sensitivity,...

- Tagging: for measurements that require : 0'65
knowledge of the flavour of the meson at 0'5;
production; exploit flavour specific features of 0.4f
the accompanying (non-signal) hadron; estimate 0.3f

a per-event mis-tag probability, which is
calibrated with data from control channels. In
particular: “Opposite-side flavour tagging of B :
mesons” [Eur. Phys. J. C (2012) 72:2022]. %

0.2}

0.1
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= BR(B"'—)J'IT"M"'M') T e
- BR(B,—u*w) and BR(B;—p*w)

- BRt—=puu) (LFV)

- B—=K u*w: angular and isospin analyses

- Majorana neutrinos from B decays




ﬁg% BR(B*—m*u* 1)

LHCb-CONF-2012-006
In the SM b—dI*1” transitions suppressed by |V.,/V | wrt the b—sl*]":

BRg\=(1.96+0.21)x10%. [ 7 Song et alComm. in Th. Phys. 50 (2008) 696]

- Not [necessarily] needed BSM: even with strong experimental constraints
from b—I1*1-, BR(B"™—x*u*u’) can be enhanced by NP models.

- Never observed before; expect 2143
SM events in 1 fb~L.

- Veto JAp and ¢’(285) in m,,,.

- BDT signal/bkg rejection.

- Yield from fit to M, distribution,
bkg mass shapes from data control
channels: B*—JApK* and B*—J/pr*.

- Normalize to B*—J/pK*.

LHCDb
Preliminary

Events / (20 MeV / ¢?)

4!

R

0 ' L
5000 5500 6000 6500 7000
Mz, (MeV/c?)

BR(B*—=mrutu) = (2.440.641o1+0.24yo7) ¥ 108 [preliminary]
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% B—uu introduction

In SM B4 —up 1s very rare (FCNC process and helicity suppressed); sensitive
probe to NP contributions (e.g. in MSSM, BR enhanced by tan®f) fully

complementary to direct searches.
Well predicted in SM:

B—pp = (3.2£0.2)x107, [Buras et al arXiv:1007.5291,
B,—up = (0.10£0.01)x107. use B,=1.33+0.06 from HPQCD arXiv:0902.1815]

Entering the precision realm:

- Alternative option, with main uncertainty from f, (impressive lattice results)

B,—up = (3.1£0.1)x107, [Buras et al arXiv:1205.5064, use fz, = 227.746.2 MeV]
B—pp = (3.647175,)x107, [CKM fitter arXiv: 1106.4041, use f,. = 23115 MeV]
B—pp = (3.53+0.38)x10"~. [Mohmoudi et al arXiv:1205.1845, use f, = 234+10 MeV]

- Experiments measure time integrated BR, need to consider BBbar mixing:
3.2 at =0, becomes 3.5 time integrated [y from LHCh-CONF-2012-002

De Bruyn et al arXiv:1204.1735]
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% BR(B.—uu) and BR(B,—uu)

, PRL 108,231801(2012)
- Loose uu from B preselection |

> L L L L L B B I I R
- Classify each event using BDT and 2 T LHCb E
invariant m mass o F—® :
.(M.M) : 107 e g
- BDT optimized on MC but calibrated - E
with data: signal from B—hh and 105 .
background from sidebands. - .
- e ]
- Mass parameters from B—hh and 10°c m Signal L
dimuon resonances. " © Background ; _<F_
d SN RS N RS R R R R W )
10 0 01 02 03 04 05 06 07 08 09 1
BDT
o s I
2 [ LHCb T
aol— .~ — S
20— — \\\~\~
- - 40.00 - . - 60.00 - . - 80.00 - . -10‘;00- . N \\\\A 92000 9500 10000 10500 11000

m(uu) [MeVv/c?] miup) (MeV/c?)
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% BR(B.—uu) and BR(B,—uu)

PRL 108,231801(2012)

1 fb-! data distribution on the BDTxmass plane.

Fit in 8%9 bins on
the plane

[maximize S/B
separation] for each
search window, B,

and B, separately.

BDT

The whole BDT range 1s used to measure the two limits.
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BR(B — and BR(B ,—

PRL 108,231801(2012)

1 fb! data distribution: zoom the B, £ Heb
. § — i
search window. £l ., -
- —o— ]
107 —— E
10° ; m Signal —Q——Q——<;>__<:>— é
i O Background ]
"611‘"612"6.'3‘"6.'4'615‘.“6.'6“6f7"6.'é“6ﬁ I
BDT N
c.' i
° o :
‘;' ..o ° ° N LHCb N
Suete L . : ]
] . Teo e o -
%.: ° ) ’ ° —_
No background in the high BDT IR ;
region (>0.8) where LHCb is et e g
.. . 2 4 . : 1
most sensitive to signal. 0 0 06 08 BDT
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% BR(B.—uu) and BR(B ,—uu)

PRL 108,231801(2012)

Chee | B

BDT>05 | .,
 LHCb B®s—uu

MeV/c?

»
MeV/c?

.‘Per 24
J)er 24
L
. 4

Events
Events

N
N

5350 5400
m,,(MeV/c?) m,.(MeV/c?)

Pictorial synthesis of the events in the all mass bins with BDT>0.5:
expected SM signal, comb. bkg, B—=hh bkg, cross-feed between channels.

Number of events translate into BR normalizing to B.—=JAp¢, B,—J/ApK*, B,—~ K.
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% BR(B.—uu) and BR(B,—uu)

PRL 108,231801(2012)

B,— pL (Bkg+SM) B,—~uu (Bkg only)
¢n1\ | | S B B B B B B B
o\ i o L :
03 :_ LHCb _: 08 LHCb _:
056~ . .
oaf. - -
N ~eo - -
0 il il L ——— \T-'I'H- i oL L L N R L ]
1 2 3 4 5 6 8 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
B(B; eu u)[w"’] B(B,— u* W) [107]
Intervals at 95% CL for BR(B,— u* w)
0
at 95%CL DO (PLB 693 2010 539)
é . + 2x1079
Bi—uw  Exp.bkg+SM - 7.2x10 CDF (H. Miyake, La Thuile 2012)
Exp. bkg 3.4%107 ATLAS (arXiv:1204.0735)
. Observed 4.5x10” CMS (arXiv:1203.3976)
4 -9 N :
By—uu Exp. bkg L.1x10 —-LHCb (arXiv:1203.4493)
L Observed 1.0x10° | ASMo

F -

0 1 2 3 5 46
BR(B,— u* 1) (10°)
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% Bigg combination and Qersgectives

arXiv:1204.0735, JHEP 1204(2012) 033, PRL 108,231801(2012), LHCb-CONF-2012-017
New ATLAS, CMS, and LHCDb results have been combined [preliminary].

ATLAS+CMS+LHCD

—

B,—uu (bkg only):

L

o6

—

cA
R
4

—

e

A
s 7

1 2 ] | 4 7 1 2 b ) 4 5
BB =t ) [107] BB =t ) [107]
BR(B,—~uu)<4.2x10~ at 95% CL & CMSILHCD _
B,—uu (bkg only) :

excess over bkg at 20; compatible with SM at 10.

BBR(B,;—uu) <0.81x10~ at 95%)CL D

T ] ?
88" - u* ) (10"

N Barbara Sciascia - LHCb highlights - LNF Summer Institute 2012 - 26 June 21/61



% B:ﬁﬁ combination and Qersgectives

LHCb-CONF-2012-017
SM prediction (3.2+0.2)x10° [Buras, Acta Phys. Pol. vol 41 (2010)]

AN S s 4 Y Ty AN A G A S A Gu e e 4

ATLAS+CMS+LHCD

L

——

o6

B,—uu (bkg only):

cA -
4
4

—

A
e 7

_
~
.

) g 7 1 2 b 4 H

BB =t ) [107] BB ) [107]
- No significant BR(B,—uu) enhancement. e CMS+LHCD |
- B,—~uu: eating in SM prediction Bg—uu (bkg only) |

- Precision measurement of SM B,.—uu.
- Observation of B;—uu.

- Measure the ratio B,—uuw/B;—uu: test MFV models D‘i

T
887~ u=u) 1079
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% BRg—ﬂggg

Neutrino oscillations implies LFV at some level. LHCb-CONF-2012-015
SM+ v, —v, oscillations predict BR(t—pup)~O(10-).
In many BSM theories, LFV amplified in T wrt u; can predict BR(t—=uuu)
experimentally achievable10-8-10-10, , ,

[e.g. W.Marciano et al Ann.Rev.Nucl.Part.Sci1 58 (2008)315]

Best limit BR(t—puu)<2.1x10-% at 90% CL [Belle, PLB687(2010)139].

Large inclusive o, (from B, D,~ and D mesons).
PID and bkg rejection: 3w easier than u™y or 3e.

—~ 0.035

T T T T T T T T T T

u

L B
0.0k LHCD simulation

Analysis strategy similar to B ,uu.

s

(2}

T E
. . . . . . . [} 0.025_—
Signal/bkg discrimination via 3 classifiers:

0.02}-

- geometrical BDT (combinatorial bkg)

ootsf  F
MC bkg it

- PID BDT (u hypothesis) ob ;
- 3 muons invariant mass, my,. g ’mﬁ[\ﬂﬂ‘r\l\ ",
0.005 C HE
01 - h | | N | N | | N

Developed using sig and bkg MC. -1 -0.5 0

rnal

. ‘ 1
Geometrical BDT Mpoay
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% BRgr—ﬂggg

L s B LHCb-CONF-2012-015
LHCb Preliminary N

-
N

-
(=)

(4 highest BDT bins) — Final signal/bkg classifier calibrated
4 on D, —¢(up)m- data: 5x5 bins with
1 PID and geometrical information.

Events / ( 8.75 MeV/c?)

In each bin, fit m(u-w~u*) distribution.

. 1800 ) ‘_ . 1900 .2- I ' ; T ' ' ' ' T I

i) (Mevie) o LHCb preliminary -

Blind region: m +30 MeV 08 B
Normalize to D —¢(uu)m, in 1 fb-! data 06|
0.4:—

BR(T—=puw) [preliminary] -
Expected <9.7 X107 at 95% CL 0.2
Observed<7.8 x1078 at 95% CL

0—1

5 | | 10
Proof of principle: can be made at hadron colliders  BR(r — p* p p)[x 10°]
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LHCb-CONF-2012-008

- The decay is described by three angles

(0, O, ¢) and the uu invariant mass q>.

- - Can define angular observables,
where the hadronic uncertainties are
under control and sensitive to NP.

- Full angular PDF:

d‘T

d cos 0 d cos § dOdq2 X [Ilssinzo"'+11cc°520k'*(ISSin29K+I§c0526K)coszol +
4 K

I sin’ O sin’ B cos 2¢ + I sin 20 sin 20, cos ¢ +
I5 sin 20k sin 6y cos ¢ + (I sin? g + I cos? k) cos by + I7sin 20k sin Oy sin ¢ +

I sin 20 sin 26, sin ¢ + Iy sin® O sin” 6;sin 26 | ,

None of the experiments has enough statistics to attempt a full angular fit: projection
of angles (BaBar, Belle, CDF) or 3D fit, folding ¢—¢+m, if $<0 (LHCD).
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l, i - = ') [ 0s” B + é(l —@1 —cos” Bx) +
U'deostydeosfy dodg?  16x 4

os’ O (2c08’ B — 1) +

1 . :
~(1 —@(l —cos” Bx)(2co8” B — 1) +

| ) ) s
@1 — cos” B )(1 — cos” 6;) cos 26 + ‘0 1}

’

4 2 -02}
3 @ 1 —cos®fx)costy + I FBMSSMy :
2 2 .~ -03} FBMSSM -'

l — c0s” 0 )(1 — cos® b;) sin 2¢ ] L '
1 2 3 4 5 6

The 3D fit in g? bins, allows to measure: ors q (GeVH)

- F,, K” longitudinal polarization; |\ GMSsM

- S¢=4/3 A, the forward-backward asymmetry; °"°§ £

- S;=(1-F|)A;?, the transverse asymmetry; s, "D’; M |
- A, the T-odd asymmetry. 00—t

-0.05}
Better sensitivity and easier (natural) '

. Altmannshofer et al=0.108 ittt J
correlations treatment. [ 2 3 4 5 6

1
JHEP 0901:019,2009] 7 (GeV?)




% B—-K ‘g"g: angular analysis

LHCb-CONF-2012-008

_ LHCb Preliminary

. - - - . ~—

0 A AP P P BT
5000 5200 5400 5600 52800
My, (MeV /¢%)

Detector acceptance effects:

- tuning of MC using data driven techniques.
- check MC quality with B;,—K"J/p data
control sample.

- each event is weighted using corrected
MC efficiency £(0,, 0., ¢, ¢?).

- Use a BDT to select

B—K utu events.

- Remove J/Ap and Y(2S)

dimuon resonances.

@ —————

E

5 LHCDb

® Preliminary
® Data

0.6

O Corrected MC
Uncorrected MC

0.8

1

BDT response

3
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- angular analysis

—~ 250 . . LHCb-CONF-2012-008
o ]
é 200 LHCb 3 - In total, observe 900+34 events in 1 fb-!
o Preliminary 3 data.
~— 150 —
2 [whole g range] ; - Fitting m(Kruw) in g2 bins measure
g 1 E differential BR (normalize to B—=K% JA}).
50 3 - Compare with SM predictions.
. [arXiv:1105.0376]
N N o e : - SV mm Theory mmmBinned theory
5200 5400 5600 52800 — 15 —e—- | HCb i I
mKnmL(MeV/C) c% . —r—r—Tr— T T LHdb i
~ ———— . O Preliminary |
O 60 — vo ]
e | LHCb X -
ot Preliminary o |
E 40__ 4m? < ¢? < 2.0 GeVZc* ] Cg I |
g | i 0.5 —— g
W20 - S I il
e 00-""é“”1'o“"1lsll";o
Mgy, (MeV /S q? [GeV?/c’]
=
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Nl o swg  LHCb-CONF-2012-00;

L ——r— g 1
< I ] < [
0.5 * - 0.5F -
[ —— i [ i
of : o ——
0.5 LHCb - 0.5 LHCb -
- Preliminary - Preliminary
| MR B BRI R | IR S BRI R
0 5 10 15 20 0 5 10 15 20
q? [GeV?/cY q? [GeV?/c?]
SM I Theory M Binned theory SM I Theory mmmBinned theory
-o-HCb —e-HCb
- f—--—T———r—rT—rr ® A—————T————7r—————7——
“oor LHCb i @ f LHCb
0.8k Preliminary ; 5: Preliminary
0'6:_ —: X bt ]
o e
Sl - z S alie =%
: 0.5 .
0.2 ~ - -
ol & v 0y, | IR B R R
0 5 10 15 20 0 5 10 15 20
q? [GeV?/c?] g2 [GeV?/c?]
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- angular analysis
LHCb-CONF-2012-008

SM I Theory W Binned theory SM I Theory mBinned theory
15 -~ HCb —=+—CDF -#-BELLE -—+BaBar 1 —-|HCb —+CDF -8-BELLE -+BaBar
cr! . 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 T T T
> LHCb 1 < ]
O] Preliminary )
ﬂ'o i —
X 1 - % ]
'T - =
o i 4
~ . i
g . § i
o 05 7] ]
& i LHCb -]
- - Preliminary
0- l I L L L L I L L L L i L l L L L L l L L L L ]
0 5 10 15 20 10 15 20
g2 [GeV?/c?] g2 [GeV?/c?]
SM I Theory W Binned theory SM I Theory I Binned theory
y o tHCb - CDF - BELLE — BaBar o Sl S Mt a7 —
' [ LHCb ] ° [ LHCb 1< [ — LHCb ]
Preliminary [ X Preliminary [ I Preliminary 1
. 05  +—p— _ - 0.5 1 -
] ! % ] [ T .
. [ — ] [ o il & ]
] 0_1 4 _. ] of % l |—§-—| .
h -0.5 -1 1 —: -0.5 - | -
5 20 L T T 0 152
G2 [GeV?/c4 q? [GeV?/c4) g% [GeV?/c4
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SM B Theory e Counting Experiment --Unbinned
- ——— . —

LHCb-CONF-2012-008

—
LHCb
Preliminary

LHCb

< | LHeb : o [
osf Preliminary ] w% 15_‘FOI’WEII’d
i ] 3 0
; o __'/”,,:'_'f S
0.5} - i
_1-
o? (GeV?/ch
- In SM A changes sign at a well defined ¢? ‘“§ sk Backward
point, predicted with no hadronic uncertainties §
-~ 10
e.g.: 42 (K*)=4.36%033_, ,, GeV?. P
[Eur. Phys. J. C 41 (2005) 173-188] g ;
5_ —~—
- Extract q,*> from a 2D fit to g? distribution and : +
the invariant mass M(Kmuu) of forward and ot
. +1.1 2
backward events separately: 4.9*"-1_, ; GeV [preliminary]

-
INFN
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% B—Ku*uw: isospin asymmetry

. . LHCb-PAPER-2012-011, arXiv:1205.3422
Measure differential BR of four decay modes:

BO_>KSM+M_ B0—>(K*O—>K+J'C_)|.L+M_ B+_>K+M+M_ B+—>(K*+—>Ksﬂ+)u+u_
Predictions for BRs suffer from large hadronic uncertainties; in the asymmetries these
contributions cancel at leading order. Define A; comparing with relevant charged mode:
B(B® — K"Outp™) — 20 B(B* — K™+ putp~)

A =
" B(BY —» KMOptpm) + 2 B(BE - KOEptp-)

Veto dimuon chamonium resonances; “Kg signal” channel split into L and D categories.

{(l: PDET T T a T T
5 L@ LHCb | S Bre© LHCb
= 8 B’— Kqu'uw (L) > 20 B’ Kqu*uw (D)
< 1 L: Kg decay | ST D: K, decay
£ i in the VELO 3 outside VE
2 4b N g 1
= v *
RN ) E e it Ll
0 ‘F ot e+ b AR T iy
5200 5300 5400 5500 _ 5600 5700 52003300 5400 5500 5600 5700
Mo, [MeV/c?] Moo, [MeV/c?]
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% B—Ku*uw: isospin asymmetry

LHCb-PAPER-2012-011, arXiv:1205.3422

Normalize to BO—=K®(JAp—u*u") to get BR (stat+syst errors):
BR(B'—=Kquru’) = (0.317097 ; )x107°, first observation (5.70).
BR(B*— K" u ) = (1.16+0.19)x 107,

Extract differential BR for B*=K u*u~ and B*—=K*uru-:

[C.Bobet et al., JHEP 07(201)067]

Theory mmBinned theory —e-Data Theory mmBinned theory —e-Data
L L L L LA L L L L R I AL L L B

Nl—| L 7] (\'l_| 20 ! | E
5 B’ > Kutu LHCb § 3 18 B" > K utw LHCb -
Q , e QO 16 =
jS : 14 =
g . E 51 E
- - o -
= 2f I - =, 12 E
S if 3 3 E
% OE _E % 4 —;
- . 2 -

-1 C PR ST T TN AN TN TN SN S (NN TN SR SN N N TR T T S 0 ] ] T ]

0 5 10 15 20 25 5 10 15 20
q* [GeV?/cH] ¢* [GeV¥cH]
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% B—Ku*uw: isospin asymmetry

LHCb-PAPER-2012-011, arXiv:1205.3422

SM predicts A;~0; sizable (10%) deviation from 0 only in the low g*(<1) spectrum.
[ T.Feldmann and J.Matias, JHEP 01(2002)074]

Theory -e-Data
B—=Kuuw LHCb ‘

Oll ISI”IIOIHIISHHZOIIH25 ISIIIIIOIIIIISIIIIZO—
q* [GeV?/c] ¢* [GeVZ/c]

Integrated across g°:
- A(B*—=K™u*u"): consistent with zero, as predicted by SM.
- A(B"—=Ku*u"): 4.40 deviations from zero;

no explanations in or beyond SM.
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% MaZomna neutrino lrom B decazs

Phys. Rev. Lett. 108 (2012) 101601, Phys. Rev. D 85, 112004 (2012)

Searches for Majorana neutrinos in B*—=h~u*u* or B~—u"u "+hadrons:
- D®*u-u final states: mediated by vy, of any mass;

- final states with ©t*, D+ or D%zt*: mediated by on-shell vy,.

Each channel allows to explore different v,; mass ranges.

o
=)

Efficiency (%)
(=]
(2]

o
>

Normalization: channels with
same number of muons in the

o
)

o final state and equal track

U R TR N TR TN TR TN N T TN TN THNN NN TN TN NN TEN NN TN TN TN T A . e e
1000 2000 3000 4000 5000 multiplicity
Majorana neutrino mass (MeV)
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% MaZomna neutrino lrom B decazs

Phys ReV Lett. 108 (2012) 101601, Phys Rev. D 85, 112004 (2012)

20 I T

)

] Aogi
. go.sg
1 = O7E
1 £ osf
] % osf
12 E
1 o 04
1>
0.3F
0.2F
0.1F

Y

o

TTTTT
-
a
b |

Upper limit (10'6)
5

Upper limit (10'9
»
o

N
o
TT L T

et
o

—h
o
TT T TT

[ -....|....|....|§ P BPEPEPEFE BPEPEPEPE BPEPEPETE PP BT B
0 1000 2000 3000 4000 5000 2000 3000 4000 5000 500

1000 1500 2000 2500 3000
Majorana neutrino mass (MeV) Majorana neutrino mass (MeV) Majorana neutrino mass (MeV)

1 q———1
LHCb

No events found in 0.41 fb-!.

BR limits at 95% CL: most restrictive to date. 10° from BR(B~—m u-u")

The limit on B~—x*u~u™ can be used to 10
establish the limits for the coupling |V |
complementary to Ovpp searches which

probe (V,,,m,) plane. - 10°"==000 2000 3000 _ 4000 5000
[arXiv: 0901.3589] Majorana neutrino mass (MeV)
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CP violation

- AAp from charm decays
- ¢, from B.—=J/\p¢ and B,—J/pmr decays

- Charmless two body B decays




% Time integmted CP asymmetry: AA .

Measure time integrated CP asymmetries in single PRL 108, 111602 (2012)
Cabibbo suppressed decays: D—na*n~ and D—=K'K".

D_)f(t) _ _—> (t) r < > in
ALp(t) = < Pl AGp = agp(F) + - adE
D—>f(t) T FD—»f(t)
[M.Gersabeck et al. J.Phys. G39 (2012) 045005]
Use D**—Dmn * decays; tag D° flavour via “slow / R/ \
pion” charge: p(r,)~5 GeV, p(m,K)~30 GeV.
D* from
Araw(f) = Acp(f) + Ap(f) + Ap(ms) + Ap(D*) pramary K/
Observed/raw asymmetry includes detector effects 7 Do
and possible ; cancel to /' slow

first order by measuring difference between D—nt |p(K/})"D-t >
*rt- and D—K'K": \_/

AACPEAraw(KK)—Araw(TFTF) = ACP(KK)—ACP(THT)
A<t> ind

dair dar
acp

(contribution from possible = [ac H(KK)—al P(T”T)] +

indirect CPV term are small)
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From analyzing 2/3 of 2011 data set (0.6 fb!):

1.4 M D—n*n~ and 0.4M D—K'K" tagged.

e e _
X 60000 \ ]
s [ P D—K*K- ]
2 | ]
o

40000 -
[7)] -

2

‘c N

|'“20000— ignal —

indow

............. | BT L TEE I

1320 1840 1860 1880 1900
m(K K*) (MeV/c?)

% — T T T T T T T T
S LHCb —
2 ¢ D—mtn
& 10000} -
: L
(7]
2
T
w5000 -

6 T — FR— ol
1820 1840 1860 1880 1900
m(x'nt) (MeV/c?)

=]
[=]
[=]
[=]
[=]

Entries / (0.1 MeV/c?)
g
8

40000

20000

1 1
0 5 10

15
5m (MeV/c?)
om = m(h*h~m)-m(h*h~)-m(x), h=n,K
y T Ty T T T
S LHCb
< 20000
S
15000
2
£ 10000
1]

0 5 10 15
dm (MeV/c?)
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% AA o detector aszmmetries

PRL 108, 111602 (2012)

- Analyzing data with both magnet polarities

makes detector asymmetries cancel.

_— T T T T T a 1
% - -D*+ / D* 0.8
= 1000F TSN . |Bos
2 e B SLERR]
o L =g Wy
5 s e | 0.2
r e
0 ae = —0
g i ek 0.2
(T) e [ =E —1J-=: 7 .
o e e T 0.4
-1000 e L S e
i -0.8
i L, | P
0 10000 15000

Slow pion Ipl (MeV/c)

_— T T T T T T T 1
§ i I *+ S| M
2 1000} et 2 :D__ /D ul B
= i e LR | (X
x W B E-_F-l:'- u o
o B e e =l - 0.4
c - § = E"_'! -
° - el _':!-:'-' - —0.2
Q- b -'- L
o r g = —0
; B --.:'=l. " -
o ot ] 0.2
o ", . ;, ':-| -
T i i = RE-0.4
- N _:._._J i i
-1000[— L L -06
- B field up 16 e
T T
-1
0 5000 10000 15000

Slow pion Ipl (MeV/c)

- There are regions of phase space where only D** or only D"~ is
kinematically possible; this cause AACpRAW up to 100%.

- Asymmetry independent of DY decay mode, but breaks the assumption that
raw asymmetries are small (risk of second order effects on efficiency ratio)
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% AA 5 CrOSS checks

PRL 108, 111602 (2012)

—_— :
(8] (6]

< 0.05 - < 0.05 —
< i LHCDb - < i LHCb

i

-0.05[ - -0.05[- -
1 1 " 1 1 1 1 1 1 1 1 1 1 L " " 1 M M " M 1 " M L N
2 3 4 .5 5 10 15
n(D") P, (D ") GeV/c

AA., value should not vary with kinematics of the D* or along the data taking
b1 71— H T T
Techmcal stop

’x
.
.
.
.
.
03
-
o
R
o
S

of " :

: +-++++ __________________________ ”HM“HTH ______ .

ES —r 1T T r T Tr°
< 0.05| _
< i LHCb

AAp (%)
r
I
o
O

4t

[=)

2| + + * -
I . A ]
0.05 - ;
R B S 7} N P R S R
0 5 10 15 0 5 10 15 20
p (ms) GeV/c Run block
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= ﬂ. 0 02 HFAG-charm

< December 2011 DA 226': g:ﬁ:r
0.015| Ay CDF
0.01F SAEE
ZZJAr Belle
0.005
0
-0.005
-0.01 N S
-0.015 T‘Before L K\\EZQ:ig A':' i aYaaVa nt
- Covvo v by vy by gy A7 T T A A R R R R A R NI
0'96.02 0.015-0.01-0.005 0 0.005 0.01 0.015 0.02
ars
% % 0'02 HFAG-charm AR, BaBar
B 0.01 5 December 2011 Aﬁz: g;a)l::e
0.01 = thcn
A, BaBar
0005 /1A Belle

PRL 108, 111602 (2012)

AAp =-0.82+0.21(stat)=0.11(sys) %
3.5 o from CP conserving hypothesis
Present WA: CL of (0,0) is 6.1x107
ex-ante: too large in SM

x-post. cannot exclude hadronic
uncertainties contributions

-; & 0.02 HFAG-charm
AA., BaBar
March 2012 A Be"e
<1 0015 = iACP LHCb
0.01 AAg. CDF Prelim.

TF == A LHCb

A[ BaBar

0.005 |- ) A Belle

0 0
-0.005 -0.005
-0.01 -0.01 S
0.015 e \: |
=Y. ”o X 4 =-V. ‘A .
0.0 Wltlh LHC s:;k:r.:-‘: ner | 0.015 and CDF G ’ é‘ ration
=0. TRV N PR SR P LR - T BT R AN N T B
%6.02-0.015 -0.01-0.005 0 0.005 0.01 0'01533.;02 0.02 02 -0.015 -0.01 _0_005 0 0005 0.01 0.015 0.02
ol
[Plots from HFAG: www.slac.stanford.edu/xorg/hfag/charm/]
) . . . . .
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% CP violation in B.—J/y¢ decays

LHCb-CONF-2012-002 (1 fb-! update of arXiv:1112.3183)
- In SM 1s dominated by tree level diagram; small CPV = _ F

T T T T T T T T T T T T

in SM arises from phase of BY, oscillations. NP phases § igmp | e Pt
in box diagram could dominate over SM contributions. %2000: e e _
- 21200 B,—J/p¢d candidates (Jp—uu, p—KK). 51500_- .
- Mixture of CP-odd and CP-even components in the 10001 g
final state: full angular analysis (transversity basis). 5001 .
// 0 5300 5350I — I5400 54_50

B, mass [MeV]

—

[=
>
|

)
I\III|T|'| T TTTTI T

LHCb Preliminary
\s=7TeV

Events/0.05 ps
=)

-
o N
T T 11T

- Good understanding of angular acceptance.
- Time acceptance and resolution (~45 fs) from

data (JAp—pu prompt candidates).
- Effective tagging efficiency from B—JApK data.

N ey
TTT TTT

-
<

1 1.5
decay time (ps)

—
o
-
o
o
o
(=)
2
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CP violation in B

LHCb-CONF-2012-002

e e 1600~
Q. [ LHCb Preliminary sig- component o - LHCb Preliminary
AN X ~1~ - cp-even sig. component ~N 1 400 . . .
E‘ . CP+ — — cp-odd sig. component ..2 :‘-\ Flt pI'Q] GCthIlS fOI' decay
7)) 10 E s-wave component 01200_ . . .
] i ° — bkg. component > C
5 | —— G0k . /3 time and angles within
102k - 800;CP+\\‘ 1 mB:tZO MeV.
c 600:— _:
: 400__ ////’( _____________ \\\ (\:P_—_
10E NS, 200 -~ -
: B Pl A :
. Bkg o1 Fit results:
6 8 -1 -0.5 0 0.5 1
Decay time t [ps] cosw { l’armnctcrf Value = Stat. Syst. {
S1a00F  LHCbPrefminary | 4 ©1400F  Lucopreminay 4 [, [ps™'] [ 0.6580 | 0.0054 | 0.0066
5 F 1 o=k 1 | Al [ps’] | 0.116  0.018 | 0.006
2 1200F 3 91200F + - ' ,
1200 4 + 1 "% : A0 | 0.246 0010 | 0.013
O et bt R 2 b + ] /N
11000 CP+ — + A @1000 ; Ao(0)* | 0.523 | 0.007 | 0.024
b 5T 1 Bk e P Fs 0.022 = 0012 | 0.007
‘ 1w COPy b, [rad] | 290 @ 036 | 0.07
S E 600 E 3, [rad] 281,347 | 013 |
400 ////’——\\\\\ - 40 - 4, [rad] 2.90 0.36 0.08
wof N 200f. CPp- 1 ¢, [rad] | -0.001 0.1191 0027
- N - 4
R e , ] (preliminary)
-1 0.5 0 0.5 1 -2 0 2
cos 0 o [rad]
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— 0T T T T LHCb-CONF-2012-002
(7)) - LHCb onf. Levels =
o 0'18:_ Preliminary — ea%cL o
g 0.16 ceeo0%CL
< C -
0-14¢ e d. = —0.001 £ 0.101 (stat) = 0.027 (syst) rad,
3 3 T, = 06380 £ 0.0054 (stat) £ 0.0066 (syst) ps~
0.08E- 3  AI, = 0116 =+ 0018 (stat) + 0.006 (syst) ps
0.06E" E (preliminary)
0.04:— E
0.02;— —;
0' 1 M 1 L L N 1 M M 1 M 1 = - ]
-0.4 -0.2 0 0.2 0.4 - ¢ Standard Model ] po 8fb"!
¢ [rad]  04FE g9 ]
E TTT 95%CL . . LHCb 0.3 fl
02 3 , [C LHCb 1fb!
- Measurement with 1 fb-! 2011 data =~ F ,'
. . . 0 3 ;
confirms small CPV in BY oscillations. & |t
S
R
02F
- Ambiguity for ¢, —m-¢,, AL'\—-Al', + 3 '
strong phase changes, solved by LHCb E
3 2 -1 0 1 2 3

b/we (rad)
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% Sign of AL, = I,-1 with B.—J/yYK*K"™

Two solutions for (AL',,¢,): the time-dependent differential PRL 108 241801 (2012)
decay rates are invariant under (¢, AL)—=>(7-0,-AT) + & oo rrommmary i:?;."’mp_m t
strong phase transformations. % g CP+ —
- T(CP+)<t(CP-): the mass eigenstate ~CP+ decay faster § - vcomsern

L

than ~CP-.

T |||§’ T T T LTTTT

Solution I (¢~0) Light~CP+ Heavy~CP-: T, >, AT>0. 10|
Solution II (¢,~m) Heavy~CP+ Light~CP-: I',>I', AT <0.

Decay time t [ps]

Ews T In B_.—JApK*K~ decays, the total decay
% 'F LHCb -~ : .
EF R amplitude 1s a coherent sum of S-wave
B R B and P-wave contributions.
0 S e
- + : : -H-+++
_+ + gﬁ Phases behave differently as a function
" Jr of my near ¢(1020) mass region.
990000 _10|1o — 0% 030 1040 (M 'v;so
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% Sign of AL, = I,-1 with B.—J/yYK*K"™

PRL 108 241801 (2012)

500
D —— S-wave, measured For the (AI',¢,) physical solution the phase
= LHCb .
" difference, dg p, decrease through the ¢(1020)
300—
250 ‘ My region.
200
1502— :§ 6 E
100~ = 5 - .
e 5 I
R L R T T '10'40‘(“"' o © 4= LHCb L
my, (Me - o !

) - 3 { !—!—| 2

*£6000— - : 1 s

4 C —— P-wave, measured - .

e S:Cb ...... $(1020), simulated 25 Solution | (Q)SNO)Z FL>FH AFS>O
40003— 1:_ { i . Solution II (q)SNJ'E)I FH>FL AFS<O
3000; 0 ;_ I_!_l'_I_ -

20002— -1 ;— I
10002— -2 f—
R T e R T B 11T S T R - B o7 S T

m,, (MeV)

The negative trend of Solution | has 4.7 o significance.
In the BY, system the CP+ mass eigenstate is lighter and decay faster than CP-
(similar to neutral K system).
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% CP violation in B.—J/ Yy decays

Previous analysis B,—J/1,(980). LHCb-PAPER-2012-006, arXiv:1204.5675
[PLB 707 (2012) 497]

- Now use wider m(sirr) range: Bi—=JApmr. > 00000
- BDT selection + maximum likelihood fit = 1600

to time and mass: 7400 events in 1 fb-!. g 1200

- From Dalitz analysis of resonant m(tr) :>j

structure, measure almost pure CP-odd 800

final state (>97.7% at 95%CL). 400

- Decay time acceptance and resolution from \& r )N e
data 0 5300 5400 5500
. . , —— : m(J/yrtn) (MeV)
> 800F- 3 Result: +0.173+0.004
= 7002— LHCb 3 ¢s =-0.01 9—0.174—0.003
= 600 =
g s00f- 41 Combining (joint fit to data) with 1 fb-! B.—=J/pé
wE l J/ 1 result [LHCb-CONF-2012-002]:
200F- E ¢, = -0.002+0.083(stat)=0.027(syst) rad.
100F =
0= 500 — :“T‘I-;)T(;;)-:“T.-:“T'I--S-I(-)Ol-- “-:-2-00(;.

m(@=) (MeV) — Consistent with SM prediction.
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% CP Violation in B, ,—hh decays

PRL 108, 201061 (2012)

“ KT s Kt
Vus .
S
i Y T
N u _
B T
d > d
- Several diagrams contribute to the decay Decay mode | Contributing diagrams
amplitudes: tree, strong and EW penguins, gf — ;;W__ T, P7-‘P ;1 Pf(’gu E
annihilation and exchange topologies. NP 30 : - er_ TP P?x:
can contribute to penguin loop B§ S K*K- | T, P, PA, PC,, E
- Important interplay among all B—hh B’ - K*K~ PA, E
channels By - mtm” PA, E

Sensitive to V , phase (y CKM angle)
Measure the untagged CP asymmetry for B, and B, decays
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% CP Violation in B,—Km decays

PRL 108, 201061 (2012)
raw AC’P + Adet + K - Aprod

p 3000 29 1 Hee =
3 2500 ?, 25080+
S 2000¢ N 2000"
o C o -
<1500+ <1500
[ n i -
£ 1000} £ 1000
> B > -
" 500" o "' 500¢ SN
05 52 b4 56 58 O5—=532 54 56 58
K’ invariant mass (GeV/c?) K* invariant mass (GeV/c?)

Detector asymmetry: determined from D’s, 0.2% from reconstruction, suppressed
by B field flip, 1% from interaction cross-section

: measured in B,—J/WK™, Appop~1%, diluted (30% in B),
mixing proper time acceptance, vanish in By case
Correction measured on data: A(B,—K"n") =-0.007+0.006.
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% CP Violation in B.—Km decays

Araw — AC’P + Adet + K - Aprod

PRL 108, 201061 (2012)

—~ 400, . 400,
2 350- LHCb £ 350t LHCDb
8 300- (c) G 300- (d)
S 250- S 250
S 200 S 200
2 150- 2 150
< C tor- -
R g 10044
SOF 500 3
05—=53 54 56 58 05——535 54 56 58

K’ invariant mass (GeV/c?)

K=* invariant mass (GeV/c?)

Detector asymmetry: determined from D’s, 0.2% from reconstruction, suppressed
by B field flip, 1% from interaction cross-section
: measured in B,—J/WK™, Appop~1%, diluted (30% in B),
mixing proper time acceptance, vanish in By case
=-0.010+0.002.

Correction measured on data: A(B,—K"n~
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% CP Violation in B, ,—Kr decays: results

PRL 108, 201061 (2012)

Acp(B? = 1K) =

"B - m K*t)-T(B% - ntK")
['(BY - K+)+T'(B? - m+K-)

Acp= 0.27 £0.08(stat) £0.02(syst) [0.35 fb!]
First 30 evidence for CPV in B, decays.
Systematic dominated by B mass modeling.

ACP(BO — Kﬂ') =

(B K 7n")-T'(B°—= K*r)

(B — K—7%)+T(B°— K+7™)

Acp=-0.088 +£0.011(stat) £0.008(syst) [0.35 fb!]
Most precise (50) observation for CPV in hadronic machine.
Systematic dominated by correction of production and detector asymmetry
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Time dependent CPV in B. ,—hh decays

- First measurement of time dependent LHCb-CONF-2012-007
CPV in B'—7a*n~ and BOS%KJ’K_ at ew(t) — A} cos(Amt) + A7 sin(Amt)
AP\ 7Y Al _. LY)
LHCbH. cosh (%t) — A" sinh (%'t)
- Experimental knowledge not clear Experiment A A DA%, Ay
0 +r— BABAR 0.25=0.08+0.02 | —0.68 =0.10 = 0.03 0.06
fOI' B —hR (measured by BaBar and Belle 0.55 = 0.08+0.05 | —0.61 £ 0.10 = 0.04 0.15
Belle) never measured for B0, —K*K~.  HFAG average | 0.3820.06 ~0.65 = 0.07 0.08
—~4500¢ From an unbinned maximum likelihood 2D
5 F
S 4000 LHCb ; ; :
s Preliminary (mass and time) determine decay time, final
3500 — e = :
2E Ne=TTeY state and flavour tagging: B'—Ku, B.—Ku,
~ 3000/ . . .
g Invariant mass combinatorial, 3-body, B'—nmw and B.—~KK
(<) -
> E . .
W 000F- projection for cross-feed.
1500/ the B—Km fit
10008 From large stat. B—=Kmx sample, determine
500 — - _ 4 . } .
------- o tagging performance (efficiencies and

TR 53 54T sS S'GmKn f’ge\,,c%'s mistag rates) and production asymmetries.
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Time dependent CPV in B ,—mn*n decays

LHCb-CONF-2012-007

3, 1000~
S : LHCb .
800— _ : :
S No=TTeV cross-feed, combinatorial, 3-body)
s | Invariant mass
:;’ 600:_ projection for measure. 4‘_".; =0.11 £0.21 = 0.03
400 the B—gm fit A — (.56 +0.17 £ 0.03
A 0.69 fb’! Adir  gmix) _ ‘
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%Z ime dependent CPV in B’ —=K*K"~ decays

LHCb-CONF-2012-007

~—~1200(—
L T
2 1000} Igl:e(l:itr)ninary From fit ( ’ B'—Kmn
= - . .
© Ns=7Tev cross-feed, combinatorial, 3-body)
>~ 800— _ _
g | frvariant measure: A9 = 0.02 £ 0.18 + 0.04
> 600 :_ nvariant mass e - _
: projection for AT = 0.17 £ 0.18 £ 0.05
00— ; A di
O the B—KK fit p(AR'k, ARE) = —0.10.
200[— 0.69 fb! . .
e L ( | First measurement ever of time-
PSP PO PSP oA T2 S A Ao/ B e .t P e
%81 52 _&3 54 <85 56 57 28 dependent CPV of B’ —K*K" decay.
. 7 ~\\\ m, (GeV/c?) e
,/’ *x\ 0.6
V' s\ .y [
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0I5 preliminary 11 b fit || LHCb preliminary
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Future plans and LHCb upgrade

Up to now, New Physics hide behind SM interactions.

~ 3¢
Expect to double dataset by end of this year; after %2.5 — m
long shutdown, further doubling in 2015-17 (plus ‘g 5 _ : z‘r
increase of cross-sections with energy): total 5-7 fb-!. %/1 - e Di
=
Main limitation that currently prevent exploiting "3, 1 3
higher luminosity 1s the hardware trigger: keeping §b.5 _
output rate <IMHz requires raising of thresholds — O g
hadronic yields reach plateau. Luminosity (x10%)

Propose to remove the hardware trigger and readout LHCb at 40 MHz
crossing rate; flexible software trigger in CPU farm — increase 1n yields by factor
10-20 at 1-2x10% cm™s! (25 ns required)

Requires replacing front-end electronics; planned for the long shutdown in 2018.

Running for ~10 years will give 50 fb-!.
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% Detector modilzcations -1

’I'I\ k\ \gﬁfﬁr :

Calo

[ 1
HPDs PSS  PMTs (reduce PMT

(replace

HPD & R/O) gain, replace R/O)

Baseline detector modifications
to allow 40 MHz readout
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Detector modifications - 2

R&D on possible detector upgrades

J silicon Tracker Outer Tracker
' Si strips Straw tubes
(replace all) (replace R/”

e.g. Scintillating-fibre tracker

Muon MWPC
(almost compatible)

PMTs (reduce PMT

(replace gain, replace R/O)

HPD & R/O)

_————— - ——

Baseline detector modifications
to allow 40 MHz readout
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Letter of Intent for upgrade submitted to LHCC
[LHCC-2012-007] last year: encouraged to proceed to

Technical Design Report
Framework TDR just submitted (25 May): schedule

and cost of subsystems, institute interests.

Update of physics case and expected performance:

Type Observable Current LHCb Upgrade Theory
precision 2018 (50fb™")  uncertainty
BY mixing 2B, (BY = JJb ) 0.10 [] 0.025 0.008 ~0.003
98, (BY — Jj £2(980)) 0.17 [10] 0.045 0.014 ~ 0.0
Aw(BY) 6.4 x 1073 [18] 0.6x107% 02x10"% 0.03x1073
Gluonic 2B8E(BY — ¢¢) - 0.17 0.03 0.02
penguin 2BE(BY — K*K*0) - 0.13 0.02 < 0.02
28%E(B° — 9KI) 0.17 [18] 0.30 0.05 0.02
Right-handed BE (B = &) = 0.00 0.02 <0.01
currents 78(BY — ¢v)/7Ro - 5% 1% 0.2%
Electroweak  S3(B® — K*%utpu=;1 < ¢ < 6 GeV?/c?) 0.08 [14] 0.025 0.008 0.02
penguin 5o App(B® — K*utp™) 25% [14] 6% 2% 7%
Al(Kptu ;1 < ¢ < 6GeVYct) 0.25 [15] 0.08 0.025 ~ 0.02
B(BT — ntptp™)/B(BT — Ktputp) 25% [16] 8% 2.5% ~10%
Higes BBY — ) 15x10°9] 05x10° 015x10° 03x10°
penguin B(B® — ptp™)/B(BY — ptu~) - ~ 100 % ~35% ~5%
Unitarity v (B — DWK®) ~ 10-12° [19, 20) 4° 0.9° negligible
triangle v (B = D.K) - 11° 2.0° negligible
angles B (B = J/p KY) 0.8 [18] 0.6° 0.2° negligible
Charm Ar 2.3 x 1073 [18]  0.40 x 1073 0.07 x 1073 -
CP violation AAcp 2.1 x 1072 [3] 0.65 1073 0.12 x 1073 -

LHCb
UPGRADE

SEE=GE |

Technical Design Report

Timeline (tight!)

2011 Letter of Intent
2012 Framework TDR
R&D ongoing
2013 Subsystem TDRs
2014-16 Production
2017 Acceptance testing
2018 Installation
2019 Data taking
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SM still de
pbservations wel
prepared to observe tiny

' NP effects.

|
|




% Data Qrocessing

: : . Detector
Trigger in two steps: Level-0 in hardware -

profe, u, and hadron (thresholds ~ 1-3 GeV) - Y
— reduce rate to 1 MHz :
* Then all detectors read out into large CPU farm .
(~1500 servers) High Level Trigger in software L |
* New this year: g g
— QOutput rate increased to 4.5 kHz to provide '7; .
data sample for analysis during shutdown f «  Inclusive selections
(events are relatively small ~ 60 kB) P 3 garuitrack e

 Exclusive selections
— Deferred triggering: fraction of events written s 4
to local storage of CPUs and processed during | -

inter-fill gap ~10% increase in effective power Storage

« 0(10'9) events recorded per year: centralized “stripping” selection to reduce
to samples of < ~107 events for individual analysis: ~ 800 selections!
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% Data Qrocessing

_ Output rate of single server vs time Detector
4 i < Inter-fillgap 1> 40 M v
w3
g v E
5— Deferred triggering active — 3
& L - TN
0 1 2 3 4 5 6 7 8 9 10 11 1 MHz v

Time from start of fill (hours)

* New this year: g g
— QOutput rate increased to 4.5 kHz to provide g .
data sample for analysis during shutdown < Inclusive selections
. 5 F +
(events are relatively small ~ 60 kB) T 2 o prirack, uw

 Exclusive selections
— Deferred triggering: fraction of events written s 4
to local storage of CPUs and processed during | -

inter-fill gap ~10% increase in effective power Storage

« 0(10'9) events recorded per year: centralized “stripping” selection to reduce
to samples of < ~107 events for individual analysis: ~ 800 selections!
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% Detector details

Forward spectrometer (running in pp collider mode)
Inner acceptance 10 mrad from conical beryllium beam pipe

Vertex locator around the interaction region

Silicon strip detector with ~ 30 um impact-parameter resolution

Tracking system and dipole magnet to measure angles and momenta Ap/p
~ 0.5 %, mass resolution, together with VELO ~ 25 MeV (for B, — up)

Two RICH detectors for charged hadron identification

Calorimeter system to identify electrons, hadrons and neutrals.
Important for the first level of the trigger

Muon system to identify muons, also used in first level of trigger
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% BR(B—uu): entering the precision realm

1) B(B; — s ) = 4.36 - 10710 f"’ }:S’(E)))AMQ Buras, Physics Letters B 566 (2003)
B,

use,d S0 far BR(BS—’U+U') = (32 + 0,2)x10'9 (63%) Buras, Acta Phys. Pol. vol. 41 (2010)

which makes use of Bs=1.33 + 0,06 (4.5%)  Gomiz et al. (HPQCD), arXiv:0902 1815

Gla? ., . 4m?
5 [hm, VeV Pre,q4 /1 = =55 (2.4)

2 L s s
647 my,
2
my
mpg,

main uncertainty from fBs, but impressive lattice results -> all authors agree this is best option for
the future

4m2 , 2 ol /
X h m_ |CQ1 Q]l + (CQ'.> -0 z) + 2(Cl(l - Cm)

B,

BR(Bs—p'p)=(3.1% 0,2)x10‘9 Buras, arXiv:1204.5064 use fa:= (227.7 = 6.2) MeV
= (3.64 +O'17-0.31)" 10°° CKM fitter, arXiv: 11064041  use fz. = (231 = 15) MeV
= (3.53 + 0.38)x10° Mahmoudi, arXiv: 1205.1845  use fa. = (234 + 10) MeV
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% BR(B—uu): entering the precision realm

plot from C. Davies review make your choicel!

arXiv:1203.3862

arXiv:1205.1845 (Mahmoudi et al.)

fB. fB 'l
S A PDG av Bl\l/(B->1:v) HPQCD-NRQCD + FNAL/MILC + ETMC
b b | ¥ PDGavVub fos = (234 = 10) MeV
i NRQCD
. . 12024513 => BR =(3.53 + 0.38)x10"°
. HPQCD HIS
' 104510 >3
o e FNAL/MILC 11123051
i il u,d,ssea arXiv:1203.3862 (Davies)
1 udsea HPQCD-NRQCD + HPQCD-HISQ +
o e ETMC 1107.1441 ENAL/MILE
2 ALPHA 11126175 fes = (227 £ 4) MeV

—_ => BR = (3.32 + 0.25)x10°°

150 175 200 225 250 275 300
£/ MeV ' all other inputs from Mahmoudi
a) B,

new results will come, and a more clear strategy for getting
an average, too: FLAG-2, 15" review end of 2012  (rocp 2012, El-khadra)
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% BR(B.—u*uu'ir) and BR(B ,—u*uwu i)

- Strongly suppressed in SM; contributions

from: B—=JAp(uruw)p(urw) =2.3(9)x1078 N§ Zgg
B—prw y*(uru) ~10719-10-1 > 00 '
[Phys. Rev. D 70(2004)114028] = 6o0f \
- possible enhancement in BSM, with new % IR A
particles decaying in u*u". . o :gg - s S
[S.Demidov, D.Gorbunov arXiv:1112.5230] @ 200: ;T \\f‘:\\\\
- cut based analysis to maximize S/B, tuned 100 _\ §' \Q::I N
on B=JAp(ww)p(urw) decays. e S0 s
% 32_ T § CLHCb - Side bands for optimizations e (MEVLE)
S § preliminary | and background evaluation.
§, 2— § — - Check on resonant bkg: SM compatible.
E 1‘: il \§. 1 - Unblind non resonant region M, for 1 fb1:
05_ § ; 1 B, and 0 B, events in signa-IL window.
4800 5000 ‘sz'oo‘\\m?;ﬂ u jﬁfou ( h:;b\/OI/ 02) Normalize to B—=JAp(utu)KO(K*m)

BR(B,—uruwuru)<1.3x1078% and BR(B;—~uruuru)<5.4x10~? [preliminary]
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Ma

orana neutrino from B decavs
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% CP violation in B.—J/y¢ decays

Transversity basis:

»
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Time dependent CPV in B. ,— K decays

LHCb-CONF-2012-007
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Time dependent CPV in B—hh decays

LHCb-CONF-2012-007
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