CP Violation in Charm at LHCb

Prof. Carla Gobel

Departamento de Fisica
Pontificia Universidade Catoélica do Rio de Janeiro

IX Workshop GFPAE

July 13, 2011

CP Violation in
Charm at LHCb

Carla Gébel

1. CP Violation
1.1. CP Violation -
general

1.2. P & the CKM
matrix

2. @P in Charm
2.1. Why study CP
violation in charm?
2.2. Approaches to
search for QP in
charm

3. The LHCb
experiment and
Charm

3.1. The LHCb
experiment

3.2. Results for QP
searches in charm at
LHCb

3.3. Prospects for
2011/2012

4. Conclusions



Outline

1. CP Violation
1.1. CP Violation - general
1.2. P & the CKM matrix

2. GP in Charm
2.1. Why study CP violation in charm?
2.2. Approaches to search for GP in charm

3. The LHCD experiment and Charm
3.1. The LHCb experiment
3.2. Results for QPP searches in charm at LHCb
3.3. Prospects for 2011/2012

4. Conclusions

CP Violation in
Charm at LHCb

Carla Gébel

1.1. CP Violation -
general
1.2. P & the CKM
matrix

2.1. Why study CP
violation in charm?
2.2. Approaches to
search for QP in
charm

3.1. The LHCb
experiment

3.2. Results for QP
searches in charm at
LHCb

3.3. Prospects for
2011/2012




1. CP Violation

CP Violation in
Charm at LHCb

Carla Gobel

1. CP Violation
1.1. CP Violation -
general

1.2. QP & the CKM
matrix

2. (P in Charm
2.1. Why study CP
violation in charm?

2.2. Approaches to
search for QP in
charm

3. The LHCb
experiment and
Charm

3.1. The LHCb
experiment

3.2. Results for QP
searches in charm at
LHCb

3.3. Prospects for
2011/2012

4. Conclusions




1.1. CP Violation - general

CP Violation in
Charm at LHCb

Carla Gobel

1. CP Violation
1.1. CP Violation -
general

1.2. QP & the CKM
matrix

2. (P in Charm
2.1. Why study CP
violation in charm?

2.2. Approaches to
search for QP in
charm

3. The LHCb
experiment and
Charm

3.1. The LHCb
experiment

3.2. Results for QP
searches in charm at
LHCb

3.3. Prospects for
2011/2012

4. Conclusions




Why CP Violation is so important?

CP violation is an essential aspect for
understanding the Universe

* Big Bang(14M years ago): matter and antimatter
produced equally

* Today: structures in the universe are made of matter
no antimatter as primary cosmic rays
no evidence for antigalaxies

* Matter-antimatter asymmetry: 7parions/my ~ 107°
* Sakharov Conditions (67)

1. baryon number violation
2. C and CP violation
3. departure from thermal equilibrium

* In the Standard Model (SM), GP comes from the flavor
mixture matrices (quarks & leptons)
* but it is not enough ...
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History: CP violation in the neutral Kaon
system ...

& K° & KO are produced via the strong interaction
7~ p — KOA°
T p— ?oKop

but they are unstable and decay through weak
interaction
& Two states are observed

» K? = 1(K2)=05x10""s

» K9 = 7(K2)=10.9x10"%0s
decaying as: K? — 77m 7% and K9 — nhn—
& opposite parities: P(r*7 %) = —1 and
P(rtn~) = +1

evidence for PARITY violation in weak decays
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The neutral kaon system

& Although violating P and C separately, it was
believed that weak decays conserve CP

& K° and K are not CP eigenstates

CP|K®) = —C|K°) = —|K")
cP|K%) = —C|K°) = —|K")

while
—0
kD)= L (K% - [K°)) = CP|KY) =+|KD)
-0
kD)= L (|K°) +|K%) = CP|K])=—|KS)

& it was natural to associate

K< KY Ky—mm CP=+1
K) & K? K? —w qrm CP=-1

not quite exact ...
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The neutral kaon system
& in 64, it was observed that K, also decays to 7w
BR(K) —» m~ 1) ~ 1073
& Kg and K g are almost CP eigenstates
o - KD elKS) o |KD) +elK?)
9 = =
/14 €? 1+ [e?

with |e] ~ 3 x 1073

‘CP is violated by the weak interaction‘
& Besides:

BR(K? — mhe 7) o (KO K?)|? ox |1 — ¢]?

BR(K? —» 17 eTv,e) o [(K° K?)|? o |1 + ¢|?

(KP — m~e*wv, 0.7% more likely than K? — n+e~7,)

> we can unumbiguously say that the electron is the

one produced least often in the decays of K,

an absolute distinction between matter and
antimatter
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How to search for CP violation

» CP occurs when I'(M — f) # T(M — f)
Let two different processes leading to the same
final state A(M — f) = A1 + A2

D(M — f) o |A1]? + |A2]? + 2R(A1A5)
T(M — f) o |A1]* + | Az|? + 2R( AL AS)
but [Ax| = |Ag| (at least in the SM), thus CP
occurs for R(A;.A3) # R(A1AS)
» particular cases:

» CP induced through mixing
weak phase appears in the mixing diagrams P° = P°
» interference between mixing and decay
when P° — f interferes with P° — P° — f
» direct CP by interfering decay amplitudes
different weak phase between two decay paths
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1.2. QP & the CKM matrix
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CP Violation & the CKM Matrix

CP in the hadronic sector comes from the complex
nature of the Cabibbo-Kobayashi-Maskawa Matrix

1973: 2001:
Kobayashi & Maskawa suggest the P js observed in the b sector
theoretical mechanism for QP by (BaBar e Belle)

introducing a 3th quark family B. Aubert et al. (BaBar Collab.), Phys. Rev. Lett. 87, 091801 (2001).

K. Abe et al. (Belle Collab.), Phys. Rev. Lett. 87, 091802 (2001)

~S

M. Kobayashi and T. Maskawa, Prog. Theor. Phys. 49, 652 (1973).
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CP Violation & the CKM Matrix CP Violation in

Charm at LHCb
Carla Goébel
& The CKM mixing matrix:

1.1. CP Violation -
general

, 1.2. QP & the CKM
d V’u,d Vus Vub d matrix
i _
S = Vea Ves Ve S 2.1 Why study OP
violation in charm?
b’ Via Vis Vg b 2.2. Approaches to

search for QP in
charm

orthogonal + unitary = 3 real parameters 4+ 1 phase
& There is a hierarchy on the elements: transitions

3.1. The LHCb

within family predominate R tor P
a u ie}_a{écé}es in charm at
) o | Vexwm| = Spsegeet
s N 0@t
Sl et e 0 (10 ?) 0.974 0.227 0.004
b N e 0 0 0.227 0.973 0.042

0.008 0.042 0.999




CP Violation & the CKM Matrix

» A convenient parametrization (Wolfenstein)
1-A%/2-)%/8 A AX3(p — i)

V= - 1—X%/2 — X/8(1 +4A4%) AN
AN (1 —p—1in) —AXNZ+ AXN/2(1—2(p+1n)) 1+ A2X%/2

» unitarity+orthogonality:
El Vi Vz?c = 5]’6 E] Vi Vk?‘ = Ojk
» 6 triangles in a complex plane

» experimental tests more sensitive for triangles with
sides of the same order = transitions involving b quark

B meson processes provide sizeable CP signs
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The Golden Plate Mode: B; — J/¢Kg

& CP through B° — BY mixing and decay:

w uct
d b d b
B8° uc uct 8° B° w % % w B8°
b d b d
w uct
B’ JNY KO
S
\» BO /

& main decay diagram:

_ %
g’ CC

o< Vi Ves

C

5
d d Ks

Vi Via Via Vi, —23
tb th — 1B
X —Ez = e

M ‘ t,; td‘2

& time dependent asymmetry measurement:
sin2f = 0.676 4+ 0.020 (HFAG average)

CP Violation in
Charm at LHCb

Carla Gébel

1. CP Violation
1.1. CP Violation -
general

1.2. QP & the CKM
matrix

2. @P in Charm
2.1. Why study CP
violation in charm?

2.2. Approaches to
search for QP in
charm

3. The LHCbDb
experiment and
Charm

3.1. The LHCb
experiment

3.2. Results for QP
searches in charm at
LHCb

3.3. Prospects for
2011/2012

4. Conclusions




The Success of the CKM mechanism: SP Violation in

restrictions in the pn plane Carla Gobel
15 T
luded area has CL>0.95 ‘“,%a 1ol CllD Violation -
Y kﬁ fe;ac;P & the CKM
o am B 1 » more than 40 years between — matrix
d . .
\\ am,& am, QP in kaons and in B’s
os \ ] . 2.1. Why study CP
S i\ > no QPin charm observed yet cieionn her
\a 2.2
5 \ : search for QP
of ‘ y g (discussed next) o (o @F
VaVeol T .
o \“" \ S » so far in good agreement
T 1 wi e scenari
os \ th the SM scenario
@ \ & . 3.1. The LHCb
AL “ 1 P .. but a common belief that o
sol. w/ cos 2B<0 | 2 esults or QP
e \\ SM is not the ultimate Searchiesfinieharmiat
LHCb
} . s . answer to QP 3.3. Prospects for
1’5-1 05 0 05 1 15 2 2011/2012

» New Physics introduces new particles, dynamics
and symmetries at A ~ TeV

» CP from New Physics can appear at any moment
now !7!




2. QP in Charm
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Why study CP violation in charm?
* Mixing and CPV

» CP and mixing well established in K and B systems

» charm system is the only up-quark sector which can
exhibit these phenomena

— 7° is its own antiparticle and top does not hadronize....

» mixing in D° — D° now verified with ~ 100
(no single 50 though)

c
po § § DO
a c

mass eigenstates: m = ml'gmz , I F1-§Fz
|D1) = p|D°) + | D°) — —r
=7 Y=

|D2) = p|D°) — ¢|D°)

» Indirect CP arising through D® — D° mixing
estimated to be O(107*) in the SM
but up to O(1072) in NP

Y. Grossman, A. L. Kagan, and Y. Nir, Phys. Rev. D 75, 036008 (2007)

CP Violation in
Charm at LHCb

Carla Gébel

1.1. CP Violation -
general
1.2. P & the CKM
matrix

2.1. Why study CP
violation in charm?
2.2. Approaches to
search for QP in
charm

3.1. The LHCb
experiment

3.2. Results for QP
searches in charm at
LHCb

3.3. Prospects for
2011/2012




Why study CP violation in charm?
some mixing observables sensitive to CP

2ycr = (lq¢/p| + |p/4ql) ycosé — (|g/p| — |p/q]) zsin
2Ar = (lg/p| —|p/ql|) ycos ¢ — (|g/p| + |p/q|) sin ¢

with arg(g/p) = ¢

In the absence of CP : |g/p| =1, ¢ =0,

yep =Y, Ar =0

otherwise manifestation of QP !!

g2 —
& AR
b T CPV allowed I
1.5
1
0.5,
o-
Hic
0.5 2¢
H30
4a
~ Es50
1 -0.5 0 05 15

Arg(q/p) [deg.]
®

@
g &

40—

S A P PP PO I I
02 04 06 08 1 12 14 16 18
la/pl
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Why study CP violation in charm? SP Violation in

Y Direct C/P Carla G&bel
» in the SM, appears in single-Cabibbo suppressed
channels: L1 OP Violation -

1.2. P & the CKM

Vis u K S[\/]/4 matrix
3 b

[

c ° s u gt
c Véb ub 5 2.1. Why study CP
+ Vi + violation in charm?
D i s s D 2.2. Approaches to
— - K0 B S w0 search for GP in
d d d K charm
penguin diagram has Zm(A) « A° in the SM
asymmetries O(10™* — 107%) Siperiment
NP can enhance to O(10™% —10"?) CErer i s
LHCb
3.3. Prospects for
2011/2012

In summary:

charm represents a unique sector for searches of
CP (both direct and through mixing)
clear windows for NP due to the low SM predictions




2.2. Approaches to search for QP in charm
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Approaches to search for QP in charm

There are two main lines to search for CP
in charm decays:

& Time Dependent Measurements in D° — D° system

o rely on studying the decay rate as a function of the
propertime

o important to “tag” the flavor of the D produced
usually done with the chain D*+ — DO%r+ and D*~ — DOn—
» Some examples:

» decays to CP final states: h™h~ (h = K, )

* lifetime ratio of single-Cabibbo suppressed wrt
Cabibbo-favored probes ycp

% lifetime asymmetry for D° and D° provides Ap

» Interference between D° — K+m~ (“wrong sign” - WS)
and D° - D° —» K+n— (“right sign” - RS)
get the time dependent ratio of WS(t)/RS(t)
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Approaches to search for QP in charm

& Time Integrated Measurements, both neutral and
charged D’s

compare “populations” for particle and antiparticle, in
different ways
Some examples:

» Single-Cabibbo (SC) 2-body decays
D° - K*K~ and D° — nfm—
* search for CP asymmetry in the integrated rates

_ N(D=/)-T(D=])
Acp = T(D—f)+T(D—f)

by comparing total yields
» SC 3-body decays DT — KTK—nt, DT —w n—ntrt

look for localized QP signs in the reaction phase space

discussing this last topic ....
important for results shown later
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CP Violation through 3-body decays e enen

. Carla Gobel
> in 3-body decays, resonances are produced very often arie meme

together with the weak process G Ve tien
h3 ex.. DT — ¢ 7r+, ¢ — K KT éeln'ercalf Violation -
D&hz D+—)K*K+, K*— Kot 1.2. QP & the CKM
matrix
R Only the final state is observed: S
hl + _ 4+ 2. > in Charm
D—-sTK Ka"! 2.1. Why study CP

violation in charm?

» to understand the dynamics of the decay (including R A
charm
resonant substructures) = need to study the phase N
. . & he °b
sSpace Of the reaction: “Da].ltz P].Ot” experiment and
Charm
3.1. The LHCb
experiment
Invariants: % o o 3.2 Results for ap .
arian ) s Searchesfin charmia
12 = mi, = (b1 + p2) :, -
— 2 2
813 = Mi3z = (p1 + ps) g 50 2002000
2 2) 4. Conclusions

S23 = 77L223 = (pz + ps)

-
@

kinematical constraint:
2 2
mp = S12 + S13 + S23 — LM,

dr _ 1 2
dsipdsiz  — (2m)332M3 |A| o

o

@




CP violation through the Dalitz plot CP Violation in
Carla Gobel

For direct CP studies: mainly two approaches
1.1. CP Violation -
general

& Amplitude Analysis for particle and antiparticle L2, @P & tro GIOM

matrix

» the total decay amplitude for a 3-body process written
2.1. Why study CP

as a coherent sum of quasi two-body modes violation in charm?
o ’énT 1) 2.2, Apprcach_es to
A— anrez +Z] a]ez jA] z;aa;cn}llforapm

A; are model dependent (phenomenological amplitudes)
the phases §; accomodate both weak and strong phases

» fit for particle and antiparticle separately, compare Sl T BETGE
results seszches in charm ot
LHCb
& Compare the Dalitz plots in a model independent 55, Dagspects for
way

» divide the Dalitz surface in “bins” for particle and
antiparticle

» compare the population




Comparing Dalitz Plot surfaces - mirandizing
I. Bediaga et. al PRD 80 096006 2009

» divide the Dalitz plot in bins and calculate the
significance of the difference in the population for
particle and antiparticle

N N(i)—aN(i)
SCP(Z) - \/Nobs(i)+0(2ﬁobs(i)

» aN is the yield after correcting for (global) production
and/or instrumental asymmetries between particle and
antiparticle o = Niot/ Niot

» if only statistical fluctuations are present, the
distribution of Scp(t) should be Gaussian

L
-5 -4 -3 -2 -1 0 1 2 3 & 5

25 5 7
e

» if deviations from Gaussian appear - spread across the
Dalitz plot or just in localized regions - this is direct
evidence for CP
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Comparing Dalitz Plot surfaces - mirandizing

% Example with D* — wFrtr—

from PRD 80 096006 2009
IS s e —

» toy model generated with fomr, o,
pm and NR

» a 1% phase difference (3.6°) is
introduced for p°7

» ~ 1 M events generated for either
DT and D™

» departure from Gaussian globally
and in both regions I and II

* General Comments:

» sensitive to local asymmetries rather than global
asymmetry (total width) ©

» no model dependence: Scp is a direct measure of QP:
even for small asymmetries or relatively small samples ©

» very good to search for early signs of QP! ©

» no actual measurements of QP parameters ®
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3. The LHCDb experiment and Charm
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3.1. The LHCDb experiment
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The LHCb Experiment

60 members

O] Tl Ld I
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The LHCb Experiment S
Carla Gobel

LHCb design

1. CP Violation
1.1. CP Violation -

general
> a forward spectrometer: s 1 i3, O & o @RI
- ot
good acceptance for bbd 5 OF in Charm
B 1. c
2< n <5 L [ 33213\3?3, isnuécli)grm??

2.2. Approaches to
search for QP in
charm

» excellent vertexing and

proper time resolution 3. The LHCb
) experiment and

) Charm

3.1. The LHCb
experiment

3.2. Results for QP

o,; = 50fs (compared to

Tp ~ 410fs, 75 ~ 1500fs) TN

searches in charm at

» very good tracking and momentum resolution gbgf?zrgfgects for
op/p ~ 0.15 - 0.35% 4. Conclusions
» excellent particle ID (specially K /7
discrimination)

kaon ID eff ~ 95%, misid ~ 7%
» excellent features for charm physics too!!!




Charm Production & Trigger in LHCb

» Two types of charm production:
e prompt - created at the PV
e secondary - from B decay (B ~ 50%)

» o(ce) ~ 20 x o(bb) — much more prompt charm!

» Trigger

[LHC rate ~ 10 M[-lz] [cc fraction ~ 10%]

v

LO Er trigger ~ 1 MHz ] [cc fraction ~ 50%}

(After the hardware trigger have ~ 500 kHz of cc events
No possibility of an inclusive charm trigger!

Use exclusive triggers tuned for the needs of specific
analyses to deliver high signal efficiency and purity

[I-ligh Pr,IP track ~ 50 kHz (50% eff.) J

v

[Exclusive D->hh/3h/4h ~ 1 kHz (50-90% eff.) J
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2010 — 2011 Data Taking

pp collisions at /s = 7 TeV since March 2010

2010 data taking: 37 pb~! 2011: ~390 pb~? collected so far

Integrated Luminasity (1/pb)

[ LHCb Integrated Lumi over Fill Number at 3.5TeV | [2011:02-1616:2528) [ liCh Integrated Lumi over Fill Number at 3.5 TeV | [2011:06:30 06:03:48 |
“E | 1 T oo “439/pb
P Recorded Lumi: 37.66 < E imi: 388.87 /pb

E )i 2z
E g wol-
= £ F
E }' E L
E E b
E P R 5
E —— E
il 1150 1200 126 130 135 146 1450 1680 1700 e 1800 - 91
LHC Fill Number LHC Fill Number

» currently running at 3 x 1032cm 2571

» ~ 1 fb~! expected by the end of 2011

... results shown here correspond to 2010 data
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last years’s first signs of GP ...

I LHCb
Preliminary

\&=7 Tev Data

NEERENNN

DOk

182 183 184 185 186 187 188 189 19 1.9

1
Invarlant mass (GeV/c’)

§

{0.001 geva:l)

H

Events /

i

g

g

§

[ LHCb
[ Preliminary
[ ve=7Tovoam

DKt

1.91

87 188 189 19 1!
Invariant mass (GeVic?)

g

|- LHCb
[ Preliminary
NE-7TeV Data

mml(aozzs_cmm’)
3

RARRRAEEEEEREEE R

= 8 & 8 8

Events/(0.0225 Gevic')
81

Y

56 8
Invariant mass (GeVio®)

CP Violation in
Charm at LHCb

Carla Gobel

1. CP Violation
1.1. CP Violation -
general

1.2. QP & the CKM
matrix

2. (P in Charm
2.1. Why study CP
violation in charm?

2.2. Approaches to
search for QP in
charm

3. The LHCb
experiment and
Charm

3.1. The LHCb
experiment

3.2. Results for QP
searches in charm at
LHCb

3.3. Prospects for
2011/2012

4. Conclusions




3.2. Results for QP searches in charm at LHCb
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Direct CP Violation in D™ - K- K*nt CP Violation in

Charm at LHCb

Carla Gébel

= Search for CP signs by a direct comparison of O e
D+ and D~ Dalitz plots general

1.2. P & the CKM
matrix

2.1. Why study CP
violation in charm?

%wm- 2.2. Approaches to
§m LHCb Preliminary D' — Kntnt search for QP in

. . F**F (s=7TeV Data charm
» Use Mirandizing method to search — wm

for Q’P 30000}

» not sensitive to global asymmetries

» 2010 data sample:

» 390K Dt — K~ K*trnt
» 550K D:" S K Ktgt £ FLACD Profiminary
> 4M D+ — K77T+7r+ §|‘nnn_vs=7TeVDala

EIZGGO-

> 2010 data set is ~ 20x Cleo’s (PRD D Zwf-
78, 072003(2008))

3.1. The LHCb
PGt
3.2. Results for P

TBE0 1900 1920 1940 searches in charm at
K'x* Mass (MeV/c?) LHCb

3.3. Prospects for
2011/2012

6000~
4000~

2000

1800 1820 1840 1860 1880 900 620 540 1960 1980 2000 2020 2040
KK'x* Mass (MeV/c)




Direct CP Violation in Dt — K- K™n™*

Dt - K—ntnt Dt - K- Ktgt

Preliminary
\ =7 TeV Data 2010
STpb"

Prefiminary
5=7TeV Data 2010

L~ 37pb" L-37pb

my.. (GevEicY)
My (GeVaic)

sawpipues o7

L s
[Ea X FRESE] TETE 2
My, (GeV2icY)

ITE 1?8
My, (GeV2e?)
» several studies to shown the absence of local
asymmetries
e sidebands

e control channels D+ —+ K—nt#t and D; - K- K+xt
> toy studies on binning choice to improve sensitity

o2 2 3
g, GeVie)

» blind analysis until all controlled... and then unblind
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Direct CP Violation in D™ - K- K*nt CP Viclation in

Carla Gébel
calculate x?/dof from the significance of each Dalitz bin:

1. CP Violation

> 2 1 N
1.1. CP Violation -
Xz/dof — E M general toratien
nbins — 1 1.2. QP & the CKM
i matrix

2. @P in Charm

With baseline physics-driven binning: 2.1, Why study CP
violation in charm?
2.2. Approaches to

MagUp 35.6/24 = 6.0% No evidence for CP violation | charm — © °
27.4!24 = 28.5% in the 20'0 dataset Of 38 pb_l 3. The LHCb

MagDOWn experiment and
Charm

Combined | 32.0/24 = 12.7% ‘Preliminary:ZOIO data, 38 pb"| 3.1. The LHCb
experiment

3.2. Results for P
searches in charm at

D' - KK T

LHCb

3 - 3F
F 2 F 8., 12 ts f
F LHCb kS 3 LHCb 2011/21—(33?56(: s for
F Preliminary & F Preliminary

2.5 S asF . .
E - F 4. Conclusions
o x F

- E_‘f 2r

15 15F

L i 1 1 kL i L 1

0.5 1 1.5 2 05 1 15 2

m2(K n%) (GeV/c?) m2K n%) (GeVi/c?)




Direct CP Violation in Dt — K- K™n™*

just a glance of what’s coming for 2011 (220 pb~1) ...

4

0000

80000

48 MeV/c

g

0000

0

(

60000

Events/|

50000

40000

30000

20000

10000

LHCb Preliminary
\'s = 7 TeV Data

Np =

2042 620

Np= 2 766 170

... for 1 pb~! we will be testing the “window” between
NF and SM and signs of CP maught well appear!

1 1 1 1 - 1 1 1 1 1 1
1300 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000 2020 2040
K'K*Tt* Mass (MeV/c?)
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D — h™h™ - Time Integrated

» D — hth~ can manifest time-integrated asymmetries
both from e indirect CP (final-state independent)
e direct CP (final-state dependent)

Look for CP asymmetries in D — K~ K and
D - wt
D — K~ 7" as control channel

D(D0—f)—T(D°=7)
T(DO—f)+T(DO=])

» CP asymmetry is defined by Acp =

» what we measure, instead, is
_ N(D°—/)—N(D°—F)
Araw = TGS NI

» Ar.y can have contributions from

» production
» detection (particle interaction and/or
reconstruction)

» and ... CP

» study tagged and untagged modes
tagged (*) : D** — DO(hTh™)n} and D*~ — DO(hth~)n;
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D — h™h™ - Time Integrated

» thus, Azaw is expanded as

Acp(f)|+HAp(f)]+ + (4p(D%)
ACP (f)+ AD (f))+ [AD st + [AP D*Jr))

physics CP asymmetry

Araw (f)
Araw (f)*

Production asymmetry
Detection asymmetry of D°

Detection asymmetry of soft pion

» construct observables for which unknown asymmetries
cancel

» without external inputs:

ACP(KK) — Acp(ﬂ'ﬂ') = ARAw(KK)* — ARAV[/(TFT(')*

> indirect QP expected to cancel (since it is final-state
independent)

> expect non-zero result if there is direct GP

» complementary NP search to Ar

» also possible to get info on production asymmetry
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Getting Acp(KK)

tagged Kt K~

LHCb
Preliminary
\'s =7 TeV Data

Events / (7e-5 GeV)

¥2NDOF: 0.98

2.006 2.008 2,01 2.012 2014 2.016 2,
m(KKx)-m(KK)+m(D°),_ _ (GeV)

— Acp(ﬂ'ﬂ')

tagged

LHCb
Preliminary
\'s =7 TeV Data

¥4/nDoF: 1.02

2.006 2.008 2.01 2.012 2.01402.016 2.0
m(mm)—m(n)+m(D) . (GeV)

Ow\%“f#ﬁﬁb‘-%f#-d*ﬂlﬂﬂmﬂ*

3750506 2008 2.01 2.012 2.014 2.016 2.

yield=1.16 x 10° for 37 pb™!

18

ot b

18

2.006 2.008 2.01 2.012 2.014 2.016 2.

yield=0.36 x 10° for 37 pb !

» study also in bins of (pr,n) and magnet polarities,

early and late data
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Getting Acp(KK) — Acp(mm) Charm ¢ LHCh

—> Results: 1. CP Violation

1.1. CP Violation -
general
1.2. P & the CKM
matrix

» systematic studies: 2. GP in Charm
D° mass window (0.20%), multiple candidates (0.13%), o ey o

violation in charm?
modeling lineshapes (0.06%), binning in (pr,n) (0.01%), 2,2, Approaches to
charm

» systematics dominated by conservative estimates due to o b Lo
. e

large statistical uncertainties; expects to decrease with experiment and
statistics Charm
3.1. The LHCb
experiment

3.2. Results for GP

ta
) 55TAce(KK) — Acp(mm) = (=028 + 0.T0sa + 0.2555¢) %] TR ™ =

3.3. Prospects for

2011/2012
Comparisons: 4. Conclusions
Belle -0.86+0.605t2c+0.07 sysc Phys.Lett.B670 (2008) 190
BaBar" +0.242+0.6250a Phys Revett.100 (2008) 061803
EDE: -0.46+0.33,:¢ CDF note 10296 (preliminary)

“naive difference from individual measurements of Acp(KK) and Acp(TTTT) ignoring systematics;
all input measurements are dominated by statistical uncertainty




Time Dependent O/P from D — hh CP Violation in

Charm at LHCb

« recall the quantities yop and Ar Carla Gobel
yCP = f:‘(K_K+) - = T<K_7r+> - 1 1.1. CP Violation -
Px=mt) T K both measurements  ceueral

1.2. P & the CKM
made through matrix
_ (DK~ KH)—r(D°sK—KT) s .
Ar = B S kR P I (DS K= KT) lifetime ratios

2.1. Why study CP
violation in charm?
2.2. Approaches to

R ERERERERS! search for QP in
charm

e

HFA(
€PS 2009

Lepior-Photon 2007

0.732 = 2.890 + 1.030 %

s 3420 2 1390 0740 %
FOCUS 2000 - “ Belle2007 0.010 £ 0.300 = 0.150 %
3.1. The LHCb

CLEO 2002 }—;—.—F{ -1.200 = 2.500 = 1.400 % et
3.2. Results for QP

searches in charm at
Belle 2002 -0.500 = 1.000 = 0.800 % s

LH
BaBar 2007 . 0.260 = 0.360 = 0.080 %,3 3. Prospects for

1.310 = 0.320 + 0.250 % 2011/2012

Belle 2007

Belle 2009 0.110 = 0.610 + 0.520 %

BaBar 2009 1.160 = 0.220 = 0.180 %

i | World average 0.123 +0.248 %
World average H 1107 £0217 %

donlonbanbalnbid il ol
32101 23 45

Yep (%) AL (%)




Time Dependent QP from D — hh
... Some analysis details ...

» use decay chain D** — D°(hth~)m™" to tag the
flavour of DO (and correspondingly for D°)
» for the Lifetime fit: mainly two concerns

» charm can be produced promptly or from B decay

FS
Fs D
D
b
p »//M, p //M -

=

N :
important to discriminate these two sources for

production and time-dependent measurements
use the IP x2 of the D

» lifetime distribution biased due to trigger &
offline selection acceptances
use an algorithm to obtain the per-event
acceptance move the PV, rerun the trigger
(possible due to software trigger)
“swimming method”
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Time Dependent QP from D — hh CP Violation in
Carla Gobel
KK and mm measurements for Ar and ycp
underway and still “blind”

1.1. CP Violation -

general
0 _ 1.2. P & the CKM
= here the results for control channel D® — K —n+ matrix
32200 T T T 32200 T T T
2000 LHCb =200 LHCb 2. Wiy Hiney ©)
S1800) Preliminary S51800) Preliminary violation in charm?
iwoo 51600} 2.2. Approaches to
21400 low 5‘14«1 search for QP in
21200 mis-tag KRN charm
¢ 1000} T
& ano E rate I
600) 25 pb-! (subsample: 600) 25 pb-! (subsample
400) of same size as 400) of same size as
200) tagged KK sample) 200) tagged KK sample)
L L
140 145 150 155 160 140 145 150 155 160 3.1. The LHCb
Am [MeV] Am [MeV] experiment
3.2. Results for P
B1200F T T T B1200F T T T 3 searches in charm at
E Preliminary E] LHCb LHCb
wwi1000F wi1000F Preliminary - 3.3. Prospects for
2011/2012
800 800 4
low
3 DfromB a3 3
200 contamination %= 4
200f- 200(- B
10 5 -10 5

5 10 5 10
In(xz(lPD)) ln(xz(IPD))
validation of the procedure:

no GP expected in K7 Af™ =0




Time Dependent QP from D — hh et

Carla Gébel

1.1. CP Violation -

$7000 T T T e 37000 T T T L= general
2 i £ E 1.2. g,YP & the CKM
6000 LHCb 4 Es000 LHCb 3  matrix
Preliminary § W Preliminary
5000 4 5000 e B )
S0\ 4076+24F 00\ 40924241 1 oo
E ; 2.2 ﬁpfpro(a'}cahes to
anon B Bl § oo
2000| 1 2000 E
1000| - 1000| 3
L r ol s %
0 1 2 3 4 5 - 1 2 3 a_ 5 jxlperTigfef?tch
Proper Time [ps] Proper Time [pS]  3.2. Results for gP
ieﬁg:}};es in charm at
7(D°)ppg = 410.1 + 1.5 ps S basapects for
o5 eff ( PO eff ( O
spimer _ T (D7) = T(DY) (—2+4) x 1073
$©ir T eff DO eff (DO -
9 (DO) + 70 (D°)




3.3. Prospects for 2011/2012
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CP violation in D° — Kgh™h~

= Very rich environment

CP eigenstates as intermediate
states

rich Dalitz plot structure

both Cabibbo-favored and DCS
final states

promising D° CP and mixing
studies

e time dependent amplitude analysis
o direct access to QP and mixing
parameters (strong phases
measured!)

current results from BaBar and
Belle with ~ 540K for Kgmm

explicit trigger implemented for
2011
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0 + 1.+ = — iolation in
D" —= h"h™h™h o 2t THICh

Carla Gébel

» one of the largest CP effect was observed through
T-odd observable

angle between planes 777~ and eTe” in K;, = 77w ete™ gonerar | ictation -
.. . . 1.2. QP & the CKM
» similar mechanism can be at work in oG
DY 5 KTK—ntn—
et i anras
» look for asymmetry in the distribution of the angle P e ——
_ _ search for QP in
between K+ K~ and 7" 7~ planes Er

FOCUS (2005) pioneered this study; BaBar with 47K
events measured AS" = (0.10  0.51 & 0.44)%
3.1. The LHCb

» LHCDb competitive by the end of 2011 experiment
3.2 l;{esqlts }f)or qpP .

- ET T pe o E T T T T = LHCb
“‘E 6000F-LHCb D' = 1864.25+0.03 MeVic® ”3 [ LHCb L Amy= 145431+ 0003 Mevi® | 3030 Prospects for
3 [ Preliminary Woracomane ] B 2000F Preliminary smo,- oomiomemevs | 2011/2012
= 5000[- V5= TevData = [ \s=7TeV Data |
© [ [Ldt=(17.421.7) pb" N,,= 85185+ 422 1 10000 Ld=(174 217 p6" N, = 95185+ 422 |
@ £ E r 3
® [ 4 N r G
3 4000: 1 o 8000 =
-] £ 4 - F ]
< 3000 - % 6000 1
it E 182 E =
-~ F - L 1
® 2000 < £ 4000 3
2 F E F B
o E 3 F 3
2 10005 o 2000 1
L RN ] : ]
1800 1850 1900 2 140 145 150 155 1?0
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+ + iolation 1
D(;) — Ksh S Theh
Carla Gébel

1. CP Violation
1.1. CP Violation -

)

» CF and DCS decays: ™% R
2 r (D) = 6.89 +1-0.12 MaVic’ general
D+ — KS7T'+ 2 2500 Numi0) = 6256.53 +/-162.410 1.2. OP & the CKM
+ 4: I C N(D, » 187,74 o-0.12 Mavich matrix
= ofDL) = 8.0 +7-0.12 Mevic”
‘DS — KSK %mm: Nm:um'}li'nnzwoﬁ-ﬁ;.nz 2. in Charm
S oo LHCh 2.1. Why study CP
» CS decays: F Preliminary violation in charm?
D+ K K+ 1000 — & =7TeV Data 2.2 ﬁpfpro(af;hes to
— Kg F search for in
) I charm
D + »E
s — Kgm E 3. The LHCb
1& 18‘5“ mlnn !!IED Zﬂlﬂn 20'5 2100 experinlent and
n'x)ma\u:“] Charm
» CP through - ik :
= . £ 12000/ WD} = 186810 +/- D.08 MeVie! 3.1. The LHCb
K9 — KO in the SM: : v el e et
X = 10000 Num(D) = 40724.09 +1- 366.38 3.2. Results for QP
3 :
expect asymmetries £ B s . ZEmEnes i @R o
£ )= 736 +1-0.
T 8000 Num(D, | = 1018.89 +/- 115.09
£ . 3.3. Prospects for
~ 03% ] LHCh 2011/2012
6000 Preliminary

- 4. C sio
57TV Data 4. Conclusions

» values of O(1%) w0
would sign for NP -

. P S i - |
» no evidence so far of fhoo 1850 1900 1950 2000 s

CP (Belle)




4. Conclusions
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Conclusions

Charm Decays: great potential to search for New

Physics in an environment with low
SM CP “background”

LHCDb has a broad program on charm physics

mainly focused on mixing and CPV
but also spectroscopy and rare decays (not covered here)

First (preliminary) results presented here (2010 data):

* no evidence for GPin Dt — K~ Ktx™
pvalue of 12.7% in 25 Dalitz bins for 390K events

* ACP(KK) — Acp(ﬂ'ﬂ') = (—0.28 + 0.704t0: 0.255y5t)%

dedicated triggers for many modes aiming to search for
CP: D° — hth~, DT — 3h, D° — 4h, D° — Kghh,
DT = Kgh, etc

plenty of charm foreseen for 2011

for instance ~ 200K D° — K~ 7 per pb ™! being recorded !
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