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Outline

& LHCb experiment
& Charm physics

& LHCb measurement in the charm sector:
* Search of CP violation in D™ -K'K™n" [LHCb-Paper in preparation]
* Measurements of direct and indirect CP violation:
A [LHCb-CONF-2011-046] and AAp [LHCb-CONF-2011-023]

& Conclusion
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The LHCb experiment

& LHCbD is an experiment dedicated to heavy flavour _
physics at the LHC. bb forward in the
LHCb frame

& [ts primary goal is to look for indirect evidence of
new physics in CP violation and rare decays of
beauty and charm hadrons.

& Heavy flavour are produced predominantly close to
beam direction
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The LHCDb experiment

Main detector requirements for the i}
reconstruction of the flavour decay: =) jLI‘ICb Tracks making PV
& Excellent vertex resolution : A *m\ N\ dden.
Opy ~13 pm for x and y = \B
2 Proper-time resolution ~ 50 fs 85—
& Good momentum resolution: 5—
Ap/p =0.35% - 0.5% e
—|  LHCb Preliminary
51 EVT:49700980
- M« —| RUN:70684
SPD/PSHCALM2 = ﬁ4]IIIN\I[\I[|I|I||II‘I[\|IWI|IIV/|*{[I
13 RICH2 ECAL T 2 4 68 8 0 B #_'®
M1 I_mmJ
& Good particle identification
[K/mt separation]
& High efficiency trigger
| i
| ! | | | | \ |
I5m 20m
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Data Taking

& Results just using 2010 sample with an integrated luminosity of 38 pb-!
& Integrated Luminosity in 2011 (so far...) L= 621 pb!

| LHCb Integrated Lumi over Fill Number at 3.5 TeV | [2011-08-09 18:53:09 |

m 3 order of magnitude more
integrated luminosity in 2011

: : T
. Delivered Lumi: 692.65 /pb

. Recorded Lumi: 621.56 /pb
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& Writing out events with fully

Integrated Luminosity (1/pb)
T

reconstructed charm hadrons at w0l
a rate of 1 kHz -
'—.—.“
400
| LHCb Integrated Lumi over Fill Number at 3.5 TeV | [2011-01-31 18:00:05 | L
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Charm Physics

& CP violation in charm provides a unique probe of New Physics (NP)
* sensitive to NP in the up sector

* SM charm physics is CP conserving to first approximation (2 generation
dominance)

& CP violation contributions:
* in mixing: rate of D°— D9 and D — DO differ
* 1n decay: amplitudes for a process and its conjugate differ

* 1n interference between mixing and decay diagrams

& In singly-Cabibbo-suppressed modes (10~%) plausible, O(1073) possible

q,9 =s.d

Three types of D into 2 body decay:
+ Cabibbo Favored (SC): D'—K-t*
+ Singly Cabibbo Suppressed (SCS): D*—K-K*;
DYt
+ Doubly Cabibbo Suppressed (DCS): D' —K'-
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Search of CP violation in D" K K'«t*



Search of CP violation in D" KK+ m

& Model independent search for direct CP violation in the SCS decay
D*—K-K*n* -

© 2010 dataL~38 pb"' 10and20  Suee
times more signal event than in g

previous BaBar and CLEO-c 8000
results 6000

middle
10000

& Direct comparison on a bin-by-bin
baSiS between D+ and D_ DalltZ pIOtS 66" 960 19840
= a local CP asymmetry

m..... . (MeV/c®)
Different binning schemes (sensitive to
range of CPV scenarios)

Yield of 370k
Purity of 91.5%

& Method based on Miranda approach:
[Phys. Rev. D80 (2009) 096006]

Asymmetry significance in each bin
Evaluation of the y?/ndf = probability value
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Control channels

& Investigation of no CP asymmetries
by data-driven method

* Control channel D;"=KK"n"
*  Sidebands D" —K-K™n*
¢ Control channel D*—K-nt'n*

Preliminary: 2010 data, 38 pb™!

m2, (GeV/c?)

,_

I
= 0O
i | O

& Combine the two magnet
polarities to cancel various
small left-right asymmetries

III|IIII|IIII|]III|IIII|IIII|III

1 1 1 1 1 1 1 1 1 1 1 1 1 I 1
1 1.5 2 2.5
m2, (GeV/c?)

v" No evidence of fake

asymmetries in the control : Magnet Magnet .. 4
mode Window Down
v Sidebands around the D* Lower sideband 32.7% | 10.1% 8.7%
signal peak look fine Middle sideband 31.4% | 27.7% 50.8%
v’ Method very robust against | D" window 88.9% | 155% | 34.4%
systematic effects Upper sideband 1.3% 50.7% 26.5%
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Results for D" KK

i SO ) ¥ u = -0.024 + 0.043
LHCb ) SEN S o = 0.985 + 0.031
. 2 = A
Preliminary 2QF b nA \
Preliminary: | L L
2010 data,38 pb~'| IBR
4o§ s
- LHCDb
*E Preiiminary / \
20
105 ------- ]
12 14 16 18 2 % Y 2 FE S
mZ._. (GeV?/c*) cp
LHCDb Preliminary
Magnet Up 6.0% No evidence for CP violation in
Magnet Down | 28.5% the 2010 dataset of 38 pb-!
Combined 12.7%
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Measurement of A



A measurement

& A direct measurement of CP violation in D° mixing
can be evaluated by the asymmetry of the proper-time h-
of flavour-tagged decays:

D? decay vertex

(D’ -K K*)-(D' =K K*) T~

A =

oD’ »KK*)+7(D' =K K*) s ...
A D" production
~ TM ycos¢ — xsing PV vertex
where the flavour of DY is determined by the sign of
the charged pion. AP
or . Ap<10-3
& Control mode: D—Kn Jos /
. 0.6‘1 ‘
> A non-zero value of A would be a direct /0
measurement of CP violation and a sign of new / "\ SMbound
hysics contribution. o) Ar <10 4
phy —— /
[Kagan, FPCP 201 1]
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A measurement: Method ARCH

& Unbinned likelihood fit my, for the determination of signal yield
& Main background due to secondary DY
* Not distinguishable by the invariant mass distribution
 Difference direction: large IP wrt PV and large angle between pp,, and dir. pointing to PV
*  Need statistical separation by In(y?;)
& Simultaneous fit of proper time and In( %?,;) to distinguish between prompt and
secondary

& Evaluation of the mis-tag rate from Am(D*- D°(hh))

"LHCb
Prellmmary
L= 28 pb™

h-

— secondary

+
DY deca{texA h D? —Kmx

Secondary from
B decays o

D? production
vertex

In(xz(IP ))
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Acceptance evaluation

& Determine trigger & selection acceptance on an event-by-event
basis, the so called ‘Swimming method’

& Evaluate the event acceptance as function of lifetime:
move the PV along the DY momentum

Evaluate the trigger & selection decision: accepted or not accepted

. S :,". h* /‘ h*
e g h* |p2f / IP2 / /
IP2F... / e -
- — D,_B/"\ = D,B “",. \ h’_
Ipﬁ:rB \ h |p1\‘."’ h ""“.
~.“' A IP1 |
accepted? accepted? accepted?
1=yes 1=yes 1=yes __
0=no | - 0=no { . 0=no 4 i
tmin thin tmeas f
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Control channel D'—-Knr RSN

7T
LHCb
Preliminary
L= 28 pb’

& Proof of principle: apply same
procedure to D? — Kn
~110k candidates of each flavour tag

| ) LN ' 1

140 145 150 155 160

Consistent with 0 as expected! !
Am [MeV/c4]

LHCb

& Lifetimes consistent with PDG 2N DKo Preliminary
58000 L= 28 pb"
. :|: 7000
average: 410.1 £ 1.5 s o - daa
5000 — prompt
4000 — secondary
3000
& Acceptance well modelled by 2000 T=410.6 = 1.3 fs
5 c 1000
‘Swimming’ bt
1 2 3 4 5
Proper Time [ps]
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A measurement

& Data sample of DO — KK: StoogT T
~15k events of each flavour tag. = ook (o2pe ]

Preliminary: e

| . 2010 data  eooF
o Ar=(-0.59 £0.59 £ 0.21) % | TSR
400~

where 15t error is statistical and 24 systematic

200

& The main systematic is due to the secondary

140 145 150 155 160

and the combinatorial background Am [MeV/c?]
(7] 1 1 ' (/)] 1 I v
2 10° LHCb D 10° LHCb
— Preliminary = ey Preliminary
D D'—KK L=28 pb’ L D'-KK |5 pb”
102 e data 102 e data
— fit 3 — fit
— prompt [ — prompt
— secondary — secondary
10 10F
1 I Ef\ il
M M M 1 N L x L
2 4 6 2 4 6
Proper Time [ps] Proper Time [ps]
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Measurement of AAp (D'—>KK"- D'—>an")

____________ ~ |LHCb-CONF2011-023,



Measurement of AA -, (D'->K K" - D'—>nr?)

N(D™* —=D'(f)x})-N(D"~ =D"(f)x;)
N(D™ —=D'(f)n})+N(D™~ =D"(f)x;)
Agaw(®)’ Acp(f) +Ap(f) + Ap(wry) + Ap(D™)

S\
Physics CP asymmetry / \ Production asymmetry
Detection asymmetry of D? and of soft pion

ARAW(f)* =

& Taking Ag,w(D)" - Az aw(f")” the production and soft pion
detection asymmetries will cancel.

& Detection asymmetry for self-conjugate final states 1s 0

A (KK —Ap,(mw*) =A,(K'K*Y) -A,(n ") =AA
m All the D* related production and detection effects cancel

m CP asymmetry difference very robust against systematics
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Measurement of AA.p, (D'—>K K- D'—arn') ey
Fit the Am=m(D")-m(D")

< 2200

< 700 S
8 oof-Lice 8 JaooE thoe
o 500 \Ns=7TeV Da:;y nn ,i) }ggg \'s =7 TeV Data KK
< 400 < 1200 = ~ -1
£ 300 .% 1g88 38pb
& 200 o 600 v%nDoF: 0.98

100 ggg

0™5006 2.008 2.01 2.012 2.014 2.016 2.018 0™%3006 2.008 2.01 2.012 2.014 2.016 2.018

m(swer)-m(z)+m(D°)_  (GeV) m(KKx)-m(KK)+m(D°)__  (GeV)

WH“"I‘J'WW‘WW% EM*“’I‘*“WM‘!"“FWM‘*I“’M

372006 2,008 2.01 2012 2.014 2.016 2.018 ) 2.006 2.008 2.01 2.012 2.014 2.016 2.018

& Total signal yield: 116k tagged D—K-K* and 36k tagged D'—nnt*

AAcp = Agp (K K*) — Ap(m %) = (-0.28 % 0.70 + 0.25)%-

& Note: already competitive with the B-factories!
» Statistical error for BABAR 0.62%, Belle 0.60%, but for CDF 0.33%

& Expect systematic error to scale well with integrated luminosity

* Estimates very conservative with large statistical component
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. LHCD
Interpretation
& Combination of direct and indirect CPV measurement

AAcp = Aacpli + A<t>/t ap™  and A= -ap™d

where A<t> is the difference of the average proper time of KK and nn

& Slope in LHCb result due to small KK/nn lifetime acceptance diff.:
A<t>/1=0.10 +£0.01

58 °-°2m T s
<0.015 | _&Fs @ ragoy

=> Agreement with

AA., COF
J— A, LHCD Prelim.
U A, BaBar
~ A _Belle

0.01
0.005
0
-0.005
-0.01}
-0.015

no CP violation
CL=20%

~~~~~

-0.0 NP T TR\ NN o o o e e = TP PP
’ -6.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02
o
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Expected more results soon

& Other charm analysis ongoing:

* Time-dependent measurements of mixing parameters

* Spectroscopy and production measurements
* Searches of the rare D decays

=7 TeV Data
Ny =2 042 620

\'s

~N ©®
o O
o O
o o
o O

But this are only the first steps...

/(0.48 MeV/cg
o
o
o

Np.= 2 766 170

Events.

o]

201

o}
o}

[ 3 3 1 3 3 3 | [ 2 3 2 0 3 3 3|

1800 1820 1840 1360 1880 1900 1920 1940 1960 1980 2000 2020 2040
KK*x* Mass (MeV/c?)

... We are running

towards many new results
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Conclusion S

& LHCD produces its first charm physics results on 2010 data
(total L ~38 pb1):

e Search of CPV in Dt - K K'a* [LHCD paper in preparation]|

* Measurement of Aqp( K- K") - Ap(t- ") =(-0.28 £0.70 £ 0.25) %
[LHCb-CONF-2011-023]

* Measurement of A= (-0.59 £0.59 +0.21) %
[LHCb-CONF-2011-046]

Even 2010 data interesting: with 38 pb~!, already competitive
with B-factories

& The data collected in 2011 so far are an order magnitude higher
statistiscs (more than 621 pb!)

* Precision searches for CP violation to really probe new physics in many
key areas!
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Acceptance evaluation ARCH

& Determine trigger & selection acceptance on an event-by-event
basis, the so called ‘Swimming method’.

* Evaluate the event acceptance for many different lifetimes by moving
the PV along the DY momentum

 In events with multiple PV =» more turning points

i
~. i ~,.

. N
-~ g
. .

of o el A

accepted? ‘ . accepted? ‘ ' accepted?

1=yes _._ 1=yes 1=yes

0=no { - 0=no 4 - 0=no | : -
tmin tmeas t tmin 1:meas tmin tmeas
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