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Outline e
* Introduction:

< mixing D%-anti-D° and CPV
v' SM predictions
v' current constraints for mixing and CPV in charm physics
v' why are we interested in charm physics?

 Measurements of mixing and CPV in charm sector at LHCb
< the LHCDb detector
<> observation of DY — anti-D° mixing

<> AAqpin DY — K*K™ and D — zwt*m”
> pion-tagged analysis D** — DOr*,
» muon-tagged analysis B — D%uX

<~ search for direct CPV in:
» D* — ¢t and D*, — KOt*
> D* > KK'nt and D%— antnmt

« Summary
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Introduction

LHCD
D)

iosaesd
Neutral mesons can oscillate between matter and anti-matter: mass eigenstates
are different from flavour eigenstates
theory
zi (|Bg>> _ |:(M11 M12> e (Fil F12)] (|Bg>>
dt \|D") My Mzz) 2 \I'ip T2 D7) m = (m1 +my)/2
D12) = p|D°) £ ¢| DY) [=(T1+15)/2
Two parameters describe mixing:
mass difference x: decay width difference y:
— mo—mq1 __ Am — I—-1, _ Al
r= R = S Y= 79or 2T
experiment theory i T
Am = MH — ML = 2|M12|(1 + % ||]I\141122||2 SZ’}’L2¢ —+ ) R ) 50 X =0.0063 _;0-2§
2 [ y = 0.0075 ;
AT' =Ty —T'p = 2|T12|cosp(1 — %||]1C41122||2sin2¢ +...) 2 _m§

weak phase: ¢ = arg(—Mi2/T12)

Am, AI' — measured experimentally
For charm: x = 0.0063 ; y = 0.0075

Mixing is very slow /:

c)

Very precise measurements needed
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Three ways of CP violation %
1. in mixing: different transition of oscillation (indirect)
DO » anti-D° # anti-D° »DO

2. in decay amplitudes: decays of particles and antiparticles are not the same
(direct)

DO > f # anti-D? »anti-f = f
3. interference: between CP violation in mixing and in decays (indirect)
A ] . anti-A .
DO » f = anti-f anti-D° f = anti-f

Ati-A \ o /Av

« Mixing and decay processes can be mediated via loop diagrams.

anti-D?

NP is most likely to enter in loops and new particles can be exchanged
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Mixing and CP violation %

 |[n SM:
<> the charm mixing rate is expected to be small: |x]|,|y| £ 102
< expected CPV in charm sector Int.J.Mod.Phys.A21(2006)5686
is small <103 (much smaller 1.00E+00 ++——+++++—different-model -

1.00E-01 [1 3 5 7 9 1113151719 21 23 25 27 29 31 33 34

m]
100E-02-7- ----- fA-é-----A--- ; .
1.00E-03 { » |, L TD ;
A

than in the beauty sector)
and difficult in calculation

@,
a O
‘ S ) 2T G
. . . 4= ES a 2
< SM predictions vary widely 2 o 1N i Lo . o
. . . = 1.00E-05 + & a8 .
<> New Physics contributions can S % oeos | b s > <
enhance CPV up to 10-2 1.00E-07 | TD QC_J
Int.J.Mod.Phys.A21(2006)5381 : 10008 1 SM| - @
Ann.Rev.Nucl.Part.Sci.58(2008)249 "% Ariangles [x| ; squares |y|
— W- —
u C K+
d d - DO DO
oo sp g B 2 D> —
b
c— b T U K- + mu + 3h...
Mixing via box-diagram, short range Mixing via hadronic intermediate states, long range

(difficult to calculate)
X~1% v~ 1%
From measurements we know that x ~y
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Direct decays and CP violation Lu’“%

If tree and penguin processes interfere with different phases then symmetry
between particles and antiparticles is broken ——» A # anti-A
(Singly Cabibbo Suppresed decay = signal of CP «— penguin diagram opens

possibilities for NP searches) W+
A we A ; K* " S L
A=0.22 ¢ ) - G <s
DO 1 K- S
u u u u K

A=V Vs Ar + Vg Viq Py + ViV Po+ Vi Vi Py
~ A ~ A ~ A ~}\6 <

Asymcp ~ |A1||A2|sm(qb1 — ¢2)Sin((51 — 52)

=A, =P weak phases strong phases

* |In SM CP violation in decays could be larger than in mixing (expected ~10-3)

and depends on final state
— CP asymmetry should be searched elsewhere where is possible,

for example: D — hh, D — hhh, D — hhhh......
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Decays without CP violation Lu’“%

Control decays where CP violation is negligible (no penguin contribution):
« (Cabibbo favoured (CF)

) _ possible
doubly Cabibbo suppresed (DCS) quark s: 1— A
(SCS)
1,/ 1 v
D* Kttt W . il UL W .- av
CF c— = C— ° K
+
D Cu - D U o
d d d d
u u
Ve W
D* —KKr* W o d W g
C o -_ o —_
CF 1 _S K- - 1 LS
D* u D- .
: Ay : m
_ _ K+ K
s s S S

Control decays are used to check the detector effects
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Current constraints %

First evidence of mixing D%-anti-D°: BaBar, Belle (2007), CDF (2008)
e open possibilities of rich structure of CP violation in charm sector

_ March 2012 March 2012
L 1.5 CPV allowed 3 B
> 7 | é 60_ March 2012
Y = AN _ _______ g a0
- o el i : < 20:
— S
_2:
0 & Bic —47
20
no mixing 130 -6
_O'EL S ————————— ...|l§?s . ; ¢ | | | ;
05 0 0.5 1 15 02 04 06 08 1 12 14 16 1.8
X (%) Ig/pl
Am _
r = T ¢p = arg(—My2/T'12)
C _ 0 0
* Only the combination of all |D12) =p|D”) £ q|D°)
measurements provides CPV in mixing: if ¢, #0 or |g/p| # 1

confirmation of D%anti-D® mixing
« Before LHCDb there was no
observation of the phenomenon
In a single measurement
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Why are we interested in charm sector? Lu’“’.ﬁ

« So far there was no observation of CP violation in charm sector
— next step: confirmation of CP asymmetry
* |In SM expected CP asymmetry is small (<10-3)
 much smaller than in the beauty sector
— perfect place for New Physics searching (small contribution from SM)

* |nputto b Physics
« a lot of B mesons decay into c particles (b — ¢) ~50% transitions
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Charm particles at LHCb %

LHCb was built for b physics:
» for precise measurements of CPV in b decays and their very rare decays

« also c particle decays are reconstructed:
< LHCDb has huge charm samples
<> charm cross section = 20 x b cross section within the LHCb acceptance:

o(bb) = 75.3+£5.4£13.0 ub
Phys.Lett.B694 (2010) 209-216

O'(C(_i) = 1419+ 12+ 116 ,ub ~ 20 X O‘(bb)
Nucl.Phys.B871 (2013) 1

< Largest charm samples in the world:
v 2011: 1/fb
v 2012: 2/tb

<> for example: ~2M D** — DY(—K-K*)x* reconstructed for 1/fb
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LHCb — precision detector ﬁl‘c‘%

Single-arm forward spectrometer covering range: 2<n<5

Tracking System

Calorimeters
Momentum measurement -
NCAL
EC/ M5
SPD/P M3 = -

M2

a4 - . . L_ \\l \\
Beam 1 - :;l;::: - Beam 2
A ..'. ‘\ ‘\"‘\. ot \ ‘\\‘\ \'\‘E,
s=7TeV  / S SN
i fi’. /, Key ' N .\'}\. .\g. '
{. / / /./'/ '//’ \\. \\. '\.\\ \,\\\ \.,\\ |
of— Dipole magnet W\
" /\| 4 Tm bending NONY
\ /I! ’ & %- 11 \, .-.\\
l’/’ v \"xml R \-\_\
VELO \ 1
Vertex detection RICHs

n/K/p PID MUON: n
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LHCDb — precision detector

VELO:
v" resolution of IP: 20 um
v' decay lifetime resolution ~ 45 fs: 0.1 t(D9)
(depends on the channel, for 2012 statistics ~15 fs for D°—KK)

Excellent tracking resolution: Ap/p = 0.4% at 5 GeV to 0.6% at 100 GeV

RICH:
v very good particle identification for &t and K

Dedicated exclusive trigger lines for charm with high efficiency
v' HTL1: efficiency ~50%
v' HLT2: efficiency 50-90% for D—hh/3h/4h
The polarity of the magnet is reversed repeatedly during data taking

LHCb has possibilities of very precise measurements of charm particles
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Charm production at LHCb %

HEP04(2012)12
Two production types of charm: JHEP0(2012)129

Prompt D
e prompt — produced directly

in the primary vertex (PV)

Entries/0.05

secondary — produced in B decays

(>50% of B—DX)

D from B
FS

IP(D%)>~0 P

IP — impact parameter wrt. the PV

To separate prompt charm and secondary charm decays we use the cut
on x?(IP) parameter
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The tagging of D flavour %
LHCb uses two methods to identify D° flavour at the production state

< pion-tagged method at /KT orompt DO
the sign of slow pion from D* decays
is used to tag the initial D° flavour K-
Dt
D** — DO g*, D)t
D* — anti-D 5 rt
< muon-tagged method
the sign of muon from semileptonic at /K secondary DO
B decays is used to tag D° flavour
B—Dwv, X
B — anti-D° u* v, X
<> Decays DY — h-h*
D% — K-K* (Singly Cabibbo Suppressed)
DY — K-z (Cabibbo Favoured) Use to measure DY — anti-D°
DY — K* = (Doubly Cabibbo Suppressed) mixing parameters

D% — wx* (Singly Cabibbo Suppressed)
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DO — anti-D° mixing e
Measure the time-dependent ratio of D decays with Wrong Sign to Right Sign

N(D°—K*Tn~
R(t) = NED0—>K—7T+§

2R WS DO =l K-t RS

DO
mixm / mixi'ng\« o /Dcsv (A?)

In the limit of small mixing |x|,|y| << 1 and for no CPV:

) = Negny) ~[Eofr VYt — 1"
the ratio of the interference of miég

DCS to CF the DCS and mixed decays  parameters

decay rates (M

t' =xcosd+ysind y =wycosd— xsind
d is a strong phase difference between DCS and CF amplitudes
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LHCD

Time-integrated yields THCH
This is NOT a Monte Carlo
.. Phys.Rev.Lett.
This is the LHCb 2011 data, L=1/fb 110 (2013) 101802
ST T T
Tiof S S '
% C LHCb “ﬁ e RS data % i LHCb * WS data
= IF \ — Fit B = 5 — Fit ”
g-/ 0.8;— +| B Background - g oL B Background 1
S 06k I 1 &8
o] C ) <
o _ o
5 04F ? - 5
S 5
O 02F . O
02.005 2.01 2.015 2.02 2.005 2.01 2.015 2.02
M (D'r?) [GeV/c?] M (D'r?) [GeV/c?]
6 S - - : 6 S - - :
3 f ] 3 f ]
o gt o A i
5: . . . ] _52 . . . ]
RS: DY —» K=* WS: DO - Kt~
8.4 M decays 36 k decays
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Analysis strategy %

To determine the time-dependent WS/RS ratio the data is divided into thirteen
DO decay time bins, chosen to have a similar number of candidates in each bin

* The signal yields for the RS and WS samples are determined in each decay
time bin using fits to the M(D°t*,) distribution

 The WS/RS ratio is calculated in each decay time bin

« The mixing parameters are determined in a binned ? fit of the function

N t /2 _l_ 12
Rty = 2wsW) _ p SRyt +
Nprs(t) 4

to the time dependence
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Results for D° — anti-D° mixing e
«10° .L.H.Cb. 2.0.11.d.a.ta’.|'.=.1/fb - e Phys.Revlett.
o e Dellta | ' | E S 2_ _ 110 (2013) 101802
6.5 — Mixing fit _ = [ LHCD ]
6f -~ No-mixing fit : 1.5F 1 Estimated confidence-
: L _ ; 1 level (CL) regions
IF 1 for 1-CL = 10,30,50
C E 05 :_ """""" 50 ]
T Y S ——— E K 30 ] X?is very small
: LHCb : E o+ No—mixing/, t ] Measurementis
i 05 7 7 moresensitivetoy’
0 2 4 6 20 0.1 -005 0 0.05
tit X' [%]
Fit type Parameter Fit result Correlation coefficient ,
(x2/ndf) (107%) Rp v 7" Ay* = 88.6
Mixing I 352+ 0.15 1 —0.954 +0.882] corresponds to
(9.5/10) Y 72424 1 —0973] p-value =5.7x10-%°
' —0.09 +0.13 1 which excludes
O MIXing D . . the no-mixing
(98.1/12) hypothesis at 9.1c

Uncertainties include stat. and syst. sources

First observation of D% — anti-D® mixing in a single measurement
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Comparison with other experiments %
Experiment Rp (107%) ¢/ (107%) 2% (107%)
LHCb 3.52+0.15 |7.24+24| —-09+1.3 LHCb: PRL 110 (2013) 101802
BaBar 3.03+0.19 9.7+54 —22+3.7 BaBar:PRL98 (2007) 211802
Belle 3.64+£0.17 0.67579 1.8721  Belle: PRL 96 (2006) 151801
CDF 3.04+055 85+7.6 —1.2+35 CDF:PRL100 (2008) 121802
LHCb 10 including systematics
g' : N L L L L DL L B :
— 2F E Measured parameters at LHCDb are
>‘1.52_ N e 2/ consistent with other experiments
1_ | _ « 2011 data, 1/fb
- — 1o LHCb * more data is on tape
050 .. lo BaBar E
of  loBelle A
- -~ 10 CDF N
-0.5;— + No-mixing T ‘
PR [N T SN S S N T N TN T N SR TR SR SR N W
-0.1 -0.05 0 0.05
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Time integrated CP violation in D — K-K* and D° — n'x* decays %
pion-tagged analysis

e

We use decays of D**:
D** — DOm*, DY — K- K* - /K"

0

D* — anti-D°m DO — mm? 0

-+

s

We want to measure asymmetry between charm particles and antiparticles:
A __ N(D°=h hT)—N(D°—=h~h™)
CP = N(DO—h—h+t)+N(D'—h—hT)

Measured raw asymmetry A.,,, may be written as a sum of components that are
physics and detector effects:

Apaw (f)" = Acp(f) +Ap(f) + Ap(ns) + Ap(D¥)

CP asymmetry detector detector productioéymmetry of D*
what we want to asymmetry of D°  asymmetry of &g in primary vertex (different
measure reconstruction reconstruction numbers of D** and D*)

Araw, Ap and Ap are defined in the same fashion as Ap
« all asymmetries of order 1% or smaller
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Time integrated CP violation in D — K-K* and D° — n'x* decays %

pion-tagged analysis
Araw ()" = Acp(f) + Ap(f) + Ap(ms) + Ap(D*)

Detector asymmetries for K'-K* and wn* cancel since the final states are charge

symmetric
AD(K_K_I_) = 0= AD(TI'_TI'—I_)

In any given kinematic region Ap(r,) and Ap(D*) are independent of f
and thus in the first-order those terms cancel if we subtract raw asymmetries

ARAw(K+K_)* — ARAw(ﬂ'—l_ﬂ'_)* =
— ACP(K+K_) — ACP(T('_I_T(’_) = AACP

|

Direct and indirect CPV
can contribute
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AAp interpretation %

CPV asymmetry of each final state is a sum of:

asymmetry due to mixing

asymmetry in the and interference between .
decay amplitude mixing and decay Mean proper time

in used sample
\ (acceptances are
. . functions of time
dl?“ <t> an WK+ -t
A = q + L and for KK* and nn
CpP (f) P (f) T CF are slightly different)

[JHEP 1106 (2011) 089] Lifetime of D° (PDG)
AAcp = ACP(K+K_) — ACP(W+7T_)

Adop = [afp(K~K+) — alip(r )] + 2oy

* AApis equal to the difference in the direct CP asymmetry between the two
decays in the limit that A{f) or a"? vanishes
» direct CP depends on the f
 indirect CPV is universal (up to 10-2 correction)
<> its contribution cancels in subtraction if lifetime acceptance same
for KKK* and wrr*
<> if time-acceptance is different, contribution a”¢ remains
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LHCD
1st measurement of AA.; from D* decays THCY

« Update of analysis from 2011 0.6/fb — 1/fb (full 2011 dataset)

« Update includes new reconstruction
< improved tracking alignment
< improved particle identification from RICH calibration

K+
* New in the vertex fit Do’,< ‘-
constrain the D* vertex to the primary vertex S L7
<> improves om resolution by factor ~2.5 m .
— better background separation s
GoasE o o] =
% 0.16 ;_ égul(:a?lon —— K'K* (PV constraint) _;
E 0145— wwt (PV constraint) —E 6m = m(h-h"‘n"'s) _ m(h_h+) _ m(T[;_'_S)
O’ 0.12 :_ K'K* (no PV constraint) _:
i/ 0.1 :_ Tt (no constraint _:
g 0.08f — s D** — D%x*
£ 006 3 DO K-K*
= 004 3 DO — ot
E 0.02F =
OO N L L g 5 \ T N 1|0
2
LHCb-CONF-2013-003 om (MeV/c)
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DY decays come from

D** — D%x* decays

In region:
0<dom<12 MeV

dm=m(D%*)-m(D°%)-m(z*)

For 1/fb in window mass

from fit to om:
1844 < m(D°) < 1884 MeV

K-K*: 2.24 million events

art: 0.69 million events

Signal yields

0 -K+

DV - KK

o L s B S S R T =
§ - LHCb }JJ"-.,.\ :
5 25000 Preliminary HEAY =
= - foo ]
20000 -
S s ]
~ 15000 =
] C 3
S 10000 =
'O - -
g o / \ ]
S 5000f E

E e \\.\‘ !
1%20 1840 1860 1880 1900

m(K'K*) (MeV/c?)

m(K-K*) (MeV)

—~ 70000

ev/c?

M
-]
=]
=]
=]
S

LHCb
Preliminary

nts / ( 0.0786667
N o
S =]
=] =]
=] =]
S S

— Fit (x2/ndof = 1.60)
= === Background
—@— data

........

LHCDh
LHCb-CONF-2013-003 ki o

-t
D —
S S
> F LHCb N\ E
ﬁ 6000 Preliminary J b =
E } ) ]
& 5000 F ! \ =
o o ¢ ]
= 4000 - / \ 3
» - / "-‘, =
£ 3000 / ; =
- o / \ =
= C F ) 7
S 2000 - / \ 3
g = S A 3
O 1000 s \-. E
c " " 3
0 et I P T TP . S
1820 1840 1860 1880 1900
m(ntt) MeV/c?)
-t
m(m ) (MeV)
&: 20000
E 1w T HCh —— Fit (x2/ndof = 1.24)
g 16000 L. + gztl:akground
€ .oof- Preliminary

D011t

.......

E
%E*‘fﬂfﬁw@#ﬁﬂn“w*-%
dm (MeV)

From simultaneous fits to d6m for distributions of D** and D*- we determine raw
asymmetries Ax,(K'K*) and Az, (tt™) and calculate AA-p

A.Ukleja
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Systematic uncertainties %

Systematic uncertainties with the highest contribution in change of AAp:

 Imperfect reconstruction: 0.08 % /KT
excluding events with imperfect reconstruction, in which
n, has a large IP w.r.t the primary vertex

* Peaking background: 0.04 %
use different fits to the m(K-K*) and m(rrt™*)
spectra to test for potential peaking
background contributions

 Fit model: 0.03 %
sideband subtraction instead of a fit

* Fiducial cut: 0.02 %
loosing fiducial requirement on o

« Multiple candidates: 0.01 %

removing multiple candidates, keeping only
one candidate per event chosen at random

Reweighting: 0.01%
due to different kinematics for K-K* and stt*

7 /K~

Total systematic uncertainty: 0.10% large asymmetry between D** and D*

(can be reduced) in edges of acceptance region
A.UKleja Charm mixing and CPV at LHCb 26/04/2013 ]




1st measurement of AA.; from D* decay

Preliminary result (2011, 1/fb):
AAcp = [—0.34 £ 0.15%%" £+ 0.10Y5"|%

LHCb-CONF-2013-003

Difference in decay time acceptance:
Aty /T =[11.19 + 0.155tat 4 0.178y8t]%

AAcp = [adin(K—K*) — adin ()] + 284

T

Contributions from indirect CPV is suppressed by one order of magnitude
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2nd measurement of AA;, from semileptonic B decays %
We use semileptonic B decays (independent method): /K
B— DOu vy, X DO s K-K* I/’,f"DO x| K-
B — anti-DO w* v, X D® — 7 * - —x

In similar way to the previous analysis

Apaw (f)" = Acr(f) + Ap(f) + Ap(p™) + Ap(B)

CP asymmetry detector detector production asymmetry of B
what we want to asymmetry of D°  asymmetry of u
measure reconstruction reconstruction

cancel

The production and muon detection asymmetries will cancel in subtraction
if kinematics of u and B meson are the same for both D —» K-K* and D° — &=t

Araw (KTK™)* — Agpaw (nFn7)* =
= ACP(K+K_) — Acp(ﬂ'_l_ﬂ'_) = AAcp
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Signal yields arXiv: 1303.2614 %

In similar way to the previous analysis AA; is calculated separately for two field
polarities (to reduce as much as possible any residual effects of the detection

asymmetry) DO _, K K* DO s 7t 7ot
;:8000:‘ | Magnet up LHéb | (al) E g 3 Il\/iagrllet Iupl L LHICb I(b)l
> 6000 U -+~ Data 302 U ~-Data E
LHCb, 1/fb SO T o1 Eawf P S
(full dataset 2011): S o0 i comb. Bl < o Amorn -
0.4/fb magnet up 5 | & . ' '
0.6/fb magnet down B i S L P AT S e e
1850 _ 1900 1800 1850 1900
M(K-K+) (MeV) M(KK*) [MeV/c?] M(JE'JC+) (MeV)M(n n*) [MeV/c?]

I . I §10000_ Magnet down ILHéb | (©) ] N§’ I Magnet down LHCb (d)
2 N - 7 2 40001 ' - .
Clean signa = I Down o § " Down ~Due
B — DO !J: V X S” I - Signal = I ® - Signal i
u % 50001 .Comb bke. - 7 2000 =C2mb.l_akg. i
559k DO — K- K* | N
< =]
© O
222k DO — JU J'[+ (5) ki -“"I""-'--"-r-"w—rr-- ""r'--'-h"rr' (;ur-f-- ,rﬁ-—-ur.a.-,-.a_l..-l.-...--...-r-.ﬁ_-_- Y
850 900 1800 1850 1900
M(KK*) (MeV) i s e M(rvar*) (MeV ) =) e

Yields (and asymmetry) determined from fit to D° mass distribution (different from
pion-tagged analysis where yields determined from D* mass distribution)
Measurement: AA-p(Magnet up) = 0.86 £ 0.46 ; AA.p(Magnet down) =0.09 + 0.39

(stat.only)
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Systematic uncertainties %

Systematic uncertainties with the highest contribution in change of AA.p:
« Low-lifetime background in D% — wn*: 0.11%

there is more background around t=0in D® — wn* o D® - KK*
than in D% — KK*; evaluation of AA.; checked 2 60000k | LHCb  (a)
when negative lifetime events were included % soo0of. | D’ —KK*
_-Ccz g —=— Signal
 Fit model: 0.05% %40000; [ Background
. . . . @) u
sideband subtraction instead of a fit 0000
20000
« Different weighting: 0.05% 10000F
after ngghtlng the D° (.jISftl“IbutlonS In pr ar_1d M 0= 1 - :
small differences remain in muon kinematic {0 [ps]
distributions; evaluation of AA.p checked _ DY — ot
when additional weight is applied in muon 5 30000Fm | LHO  (b) ]
distributions p, n and ¢ 7 25000 RS .
g - —=— Signal 3
« Wrong muon tags: 0.02% R [ Background 3
& 15000F

the DO flavour can be not tagged correctly due to

muon misreconstruction; mistag probability measured
using muon-tagged D% — K-nt* (almost self-tagging) 5000
by comparison muon charge with kaon charge 0% ! .

Total systematic uncertainty: 0.14% (can be reduced)
Charm mixing and CPV at LHCb
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Comparison of AA.p measurements

1) From semileptonic B decays (arXiv: 1303.2614, Submitted to Phys.Lett.B)

AAcp = [0.49 £ 0.3051a¢

- (.145954 %

Difference in decay time acceptance (small value):
A(t)/7(D°) = 0.018 & 0.0025%% £ 0.0075Y5
Contribution from indirect CPV is negligible: AAsp = Aa%"

2) From pion-tagged D* decays (LHCb

-CONF-2013-003)

- (0.155%at -

AAcp = [—0.34 -

 Two measurements are statistically

iIndependent

» and compatible at 3% level (difference 2.20)

A.Ukleja Charm mixing and CPV at LHCb

- 0.105v51)%

26/04/2013

LHCD
L)




AAcp Preliminary new world average

LHCh

New average includes BaBar, CDF, Belle and new LHCDb results

AA_, BaBar

- AA; Belle prel.

March 2013
~ao 0.02
W - e
< 0.015 =

4 AAcp CDF

no CPV

55y AA_, LHCb prompt prel

LA AAcp LHCD semil.

0.01

[ A, LHCb

0.005 [

= = = L7 S
Ve N S SOy S iy s Ve

I,
v,

£ A_BaBar
24"/ | A Belle prel.
(L7 £ . (] 7 ".""."

Ty,
L7 T T 7 AT 7

0

-0.005

-0.01

Illllllll‘II'l‘l’l

Naive average
neglecting indirect CPV
AAcp = (-0.33 £ 0.12)%

LHCb

-0.015 N
-0.02 ll'llllllllllllx A N T T
-0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02
alnd
CP

Now:

» the central value is considerably closer to zero

* result does not confirm the evidence for direct CPV in the charm sector

A.Ukleja

Charm mixing and CPV at LHCb
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CP violation in D* — ¢ n* and D*, — K°x* decays ﬁ’ﬁ%
No mixing in D* — any CPV signal indicates direct CPV
Signal decays: D* — ¢ «n* and D*, — K% xt* are singly Cabibbo-suppressed decays

where we expect CP asymmetry if tree and penguin processes
interfere with different strong and weak phases

tree penguin W +NP
u MM NN
W A _ K C _@iLn_ u K
“““ S —=
-0?22 ~..'\ S
A=0.22 . o . ) g™ < o
1 - K + S
D* u D U K-
_ uo L
d d T H -

d
Control decays: D* — KO t* and D*, — ¢ «* where no CP asymmetry is expected

We measure the difference since effects of production asymmetry and of any
detection asymmetry of pion cancel in subtraction

ACP(D_I_ — qb7'('+) = ARAW(D+ — gb7T+)—ARAw(D+ — KSW+)—|—ACP(KO/KO)
ACP(D;_ — K2W+) — ARAW(D;_ — KSW_F)_ARAW(D;_ — ¢W+)+ACP(KO/KO)

Correction due to CPV
in neutral Kaon system
A.Ukleja Charm mixing and CPV at LHCb
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Signal yields SR
LHCb-PAPER-2012-052 il

DY — o Dig— ¢

LHCb 2011, 1/fb

(g\ __' L L L Cg L L L
% E LHCb %
2 2
Very low background = =
= =
@) @)
Signal decays op b o3 wES po o
1.6M D" - ¢ n* |Og| “TTiRs0 1900 1950 2000 RS0 1900 1950 2000
Scale * [MeV/c?] ¢ mass [MeV/c?]
26k D*, — KO_t* " o mass - 0 -
S S fep) _I'I'b'\'l_')"K'le'l""I"'_ fep _|'('S')'T)'"|SJ'T;"|""|"'_
o NS 1 & f ]
= = | LHCb @
Q 4 ] 4
s 10 E s 10 E
Control decays 5 5
S 10 3 / S 10 3
3.0M D" —- K gJL 10°F L4 PG E W07 P
1800 1850 1900 1950 2000 1800 1850 1900 1950 2000
/ K" mass [MeV/c?] K@ mass [MeV/c?]

Background from mis-reconstructed decays:
(a) and (b) from D*, — ¢m*n®
(c) and (d) from D*, —» KO n*n® or D*, —» KO.K*
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CP violation in D* — ¢ n* and D*, —» K% n* decays THCY)
. e . D* — K-K*(¢p)r*
« To Improve sensitivity to certain CP\( Variation of the phase o
we divide area around ¢ resonance in R - B
I I I “‘> 1.07F § = A
the Dalitz plot into four regions o i
» Relative strong phase varies rapidly £, 105E R
. X 1.04E 079 (@] —_
across the ¢ region >§1-03- 2 8
g 'O
* The division is chosen to minimize the Lozt 2
change in phase within each region 1'°1§Simulation ) M

— 1f4 l 1.6 1.8
m? (K'rtt) [GeV?c4]

L L L | L
1 1.2

M($)~1.02 GeV

LHCb simulation, used isobar amplitude

LHCb-PAPER-2012-052 model favoured by CLEO-c
[Phys.Rev.D78 (2008) 072003]
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CP violation in D* — ¢ ®* and D*, — K" decays THCD
. " . D* — KK*(¢)r*
 To improve sensitivity to certain CP\( Variation of the phase o
we divide area around ¢ resonance in B
. . . 22 A
the Dalitz plot into four regions AT
» Relative strong phase varies rapidly ) £ %
across the ¢ region &= =
« The division is chosen to minimize the 2
change in phase within each region . ;

1
1 1.2 14 1.6 1.8
« Adifference between two diagonals m? (K'm*) [GeV?/c*]

: o : M(p)~1.02 GeV
with similar phases is calculated (@)
LHCDb simulation, used isobar amplitude

LHCb-PAPER-2012-052 model favoured by CLEO-c
[Phys.Rev.D78 (2008) 072003]

Acpls = 5(ARaw + A% aw — ABaw — ARaw)

Type of CPV Mean Acp (%) Mean Acpls (%) Simulations indicate

3° in ¢ phase —0.01 (0.10') —1.02 (5.10’) that some types of CPV
0.8% in ¢ amplitude —0.50 (2.50) —0.02 (0.16)  can be observed more
4° in KS‘(143O)0 phase 0.52 (2.60) —0.89 (4.50) | effectively with Acp and
4° in K (800) phase 0.70 (3.50) 0.10 (0.50)  others with Ap|s
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CPVin D*— ¢n* and D*, —» K x* THCH

No evidence for CPV is observed

ACP(D+ — gbﬂ'_l_)
Acp’S(D_I_ — ¢7T+)
ACP(D: — Kgﬂ+)

(—0.04 £ 0.14 £ 0.13)%
(—0.18 £ 0.17 £ 0.18)%

(+0.61 4 0.83 £ 0.13)%
LHCb-PAPER-2012-052

> errors ~1%o

1.6M events

T | T T T | T T T T | T T T | T T T
Dt —» o1t
¢ Dt — Kot
]égﬂe H]ielle

BaBar CLEO-c

LHCh LHC
1 | 1 1 1 | 1 1 1 | 1 1 I 1 1 1 | 1 1 1 | 1

-2 0 2 -20 0 20
Acp (%) Acp (%)

 LHCb measurements are the most precise of CP violation in ¢ region to date
for both D* — ¢ n* and D*, — KOx*

A.Ukleja

Charm mixing and CPV at LHCb
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Searches for CPV in multi-body charm decays %

We also looking for CP asymmetry in multi-body decays: in D* — hhh, D° — hhhh

« Partition the Dalitz plot into bins

« For each bin measure local charge asymmetry % 3
. ° [
Qi — N (DT —aN*"(D™) " N(D) S aef
CP \/Nz'(D—l—)_|_a2Ni(D—) N(D—) + 2
[Bediaga et al. Phys.Rev.D80(2009)096006] 155
« Normalization cancels most global asymmetries 1
(example production asymmetry)
* Scp IS a significance of a difference 102 —
between D* and D- - M L 1y
i Mont_e Carlo
« Two equivalent methods: 0 e [Bediaga et al)
< If no CPV (only statistical fluctuations) then |
Scp is Gauss distribution (u=0, 0=1) : ﬂu -
< Also %2 test can be used: (2=2Si..? N N R
— p-value - 10 ord 10
CP

A.UKleja Charm mixing and CPV at LHCb 26/04/2013 ]



Results for D*—K-K*r* %

25 bins, different width 106 bins, different width

(a)

< Several binnings in the Dalitz
plot used to probe a range of
CPV scenarios

LHCb

Number of bins (0.5)
Number of bins (0.5)

< Binning shown consistent with
no CPV at p=10%

< Also S distributions
consistent with standard
Gauss distribution (u~0, o~1)

8
7
6
5
4
3
2
1
0

++

-4 -2 0 2 4

[=]
(=]
L T

<> No evidence for CP violation
in the 2010 data set of 36/pb,
370k signal (SCS) D*—-K-K*rt*

Number of bins (0.5)
3

Number of bins (0.5)

Y
[=]
LI

Phys.Rev.D84.112008

u o v2/ndf P-value
(@) | 0.01+0.23 1.1320.16 | 32.0/24 12.7% | More data is on tape:
(b) | -0.024x0.010 |1.078£0.074 | 123.4/105 | 10.6% | foreach 1/ib SCS signal decays:
(c) | -0.043+0.073 |0.929+0.051 | 191.3/198 | 82.1% ~10 million of D*— K'K*x

~3 million of D* - st n
(d) | -0.039+0.045 | 1.011£0.34 | 519.5/529 | 60.5%
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Results for D° — n i Lach

While three-body decay kinematics can be described completely in 2D Dalitz plot,
a four-body decay has 5D phase space to fully describe the decay

Here we divide 5D phase space into bins and in each i" bin we calculate S5
N'(D°)—aN*(D) o — ND%)
\V/Ni(D%)+a2Ni(DO) - N(DY)

Scp
LHCb 2011 data, L=1/fb,
180k events, 96% purity

UET T

% %z; ;ggginary 66 bins E Bins p—values (%)
3 15 97.1
z 29 95.6

3 N(0,1) 3

sf 66 99.8

4AF E

2F N LHCb-CONF-2012-019

Using three different versions of binning, the results are consistent with
the hypothesis of no CPV with a p-values close to 100%
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Summary ARCD |

LHCb experiment has an important charm physics program and has
the world’s largest sample of c-hadron decays

Using data collected in 2011 (1/fb), LHCb experiment has performed
extensive studies of physics in the charm sector

For the first time LHCb experiment has observed charm mixing in a single
measurement (effect 9.10)

Measured AA between D° — K'K* and DY — se* from D* and B decays
(two results statistically independent)

<> the central value is considerably closer to zero

<> result does not confirm the evidence for direct CPV in the charm sector

No CPV observed in D* — ¢n* , D*, —» KOt , D* —» K'K*n*, D® — wotmo

All measurements being improved with larger datasets:
< 2011+2012: > 3/fb

The LHCb experiment is more than beauty

A.Ukleja Charm mixing and CPV at LHCb 26/04/2013



First observation of CP violation in the decays of BY, %
40002— 24 April 2013
3000 arXiv:1304.6173
- Submitted to Phys.Rev.Lett
2~ 2000F
o
> -
§ 1000F
o = BOS — Kt
g
3 300 (©) 2011 data, L=1/fb
g -
&)
200 -
i

— =N, o 22k e ) . R A ey - e ~ S LEREE ) , A e h A e
5 51 52 53 54 55 56 5.7 51 52 53 54 55 56 5.7 5.8
K invariant mass [GeV/cz] K nttinvariant mass [GeV/cz]

Acp(BY — K—7t) = 0.27 & 0.04(stat) &= 0.01(syst)
Acp(BY — Kt7~) = —0.080 4= 0.007(stat) & 0.003(syst)
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AA.p from D* decay

« The D** kinematic distributions are independent of the DY decay mode,
but the selection requirements can lead to the different distributions of
the K'K* and nrnt* final states

|t can lead to a non-canceling second-order bias in AAqp
* To avoid this, we apply weighting in D* kinematic distributions of p+, p, ¢

to ensure that D - K'K* and D% —» mn* have the same kinematics

< each DY — K-K* event gets a weight to match D® — wn* kinematic
distribution

Before weighting After weighting
T T T w 0.1 T

Example g%~

"‘0 16 o KK* = 0.16 -
P D * Q 0.14 385 e Tt j:! ’ =0=".".-'&'.' o K_K+
D) :Q: c: 0.14 * & e Tt
T 0,12 g 5, 5 R -
= 2 3, LHCb 0.12 . . LHCb
g 01 s Oq Preliminary E 01 - - 1L
©0.08 g Oe = - & Preliminary
: < Oy © 008 *
Z © > Z L J -
006 < %, o06E ® -
: -
0.04 < =O¢ - -
0.02 0 35% 0.04 ’f..
. ! - 0.02 L
0 . . s s s s " -C-.Q,O
2000 10000 13000 R R )
D ") [MeV/c
( )[ ] P, (D )[MeV/c]
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1st measurement of AA., from D* decay %
Analysis technique: split dataset into 4 subsets:
« Hardware trigger (LO) category:

<> DO triggered by hadronic calorimeter (Trigger On Signal)

< event triggered on other particles from pp collision — by something else

than the D* (Trigger Independent of Signal)

* Field polarity:

<> Magnet up (40%)

<> Magnet down (60%)

(stat.only)
AAGp Up TOS -0.62 £ 0.36 %
AAGp Down TOS -0.36 +£ 0.30 %
AAcp Up TIS -0.30 £ 0.30 %
AAcp Down TIS -0.22 £0.25 %

« Weighted average of four subsets (2011, 1/fb) — Preliminary results:

AAcp = [—0.34 £ 0.15%%" £ 0.10%Y51]%  LHCb-CONF-2013-003

« Difference in decay time acceptance:
At) /T = [11.19 £ 0.15%%% + 0.175¥4]%

Adcp = [afp(K~KT) — aip(nn )] + =Hapy

T

Contribution from indirect CPV is ~10%

A.Ukleja Charm mixing and CPV at LHCb
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2nd measurement of AA., from semileptonic B decays %

Different kinematic distributions for both decays of the K'K* and nn* can lead to
a non-canceling second-order bias in AAqp

To obtain the same kinematic distributions for both decays we apply weighting
in D° candidates on their pr and n:
« weights are applied to either D — K'-K* and D — n'n* candidates
depending on which has most events in a given kinematic bin

Before weighting After weighting
3 0.05F T 'D' — 1 r T 3 005F — T T T 3
EanTple 2 b e LHCb > b et LHCb (@)
O 0.04F o 0% O 0.04f ® © -
T ( ) g E ..D Q.DD o Tt g - ° QOD ° T TC+ .
N~ - o N - ®. -
> 0.03F .'DD ".DD KK* S 003 ® 3% s KK .
5 002F %7 " = E ‘e
= 0.02F - . © 002F s -
> T o .%g >‘ E OGOO
E 001F o %000, £ 001F "o, =
- o o C ©, ]
Zo 0: ettt Z S T SR S %0-
=T 00.....“ . ...B..Oo‘ O o O+ PPN
52 05 - -“.“f”n..f”.”f. AR E I} 0000000000000000s0000%0000000%000e% o7 0 ’”‘1
. 05 PR R S T P T T R T P R R R
0 2 4 6 8 1C
0 0 2 4 6 8 10
D" p_[GeV/c] D’ P [GeVic]
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AA.p Preliminary new world average

LHCD
|} D)

New average includes BaBar, CDF, Belle and new LHCDb results

no CPV
1 1 1 1 1 1 I 1 1 1 1 1 1
I%aB ar

I t @
|
CDF I
|
Belle :
I @ I

. |
LHCDb prehnpnary (pion tagged)
06" 10" |

I LHgb (muon tagged)
I jom!
Naive a\}erage
—e— |

A.Ukleja

Charm mixing and CPV at LHCb

Naive average neglecting
indirect CPV
AAcp = (-0.33 £ 0.12)%

Now:

* the central value is considerably
closer to zero

* result does not confirm the
evidence for direct CPV in the
charm sector

26/04/2013




AA.p stability checked %

Many cross-checks performed for
both methods:

A.Ukleja

time at which data was
taken

stable versus kinematic
variables: decay time, p+, p,
M, ¢ etc.

iIndependent cross-checks
of final result by different
people

many more...

no significant dependence
IS observed

Charm mixing and CPV at LHCb 26/04/2013

Example: pion-tagged analysis

A, a ] 1 ' T T T 7
2003 LLHCbH e Magnet Up =
E Preliminary ° .
002 F Magnet Down l
0.01F I ‘ J I I l
0 H ! ] ] 1 ] . 1 1 ] | I 1 ] | !
- TT R R R kst
0.01F¢ } 1 I ¢ I I -
0.02 } ? ] I =
003F =
H 1 1 1 | 1 1 1 1 | 1 1 1 |-
0 10 20 30
Run block
No dependence versus data taking

period




Comments on AA;p ﬂ’f‘%

Comments:
* The central value is considerably closer to zero the the previous result
* New result does not confirm the evidence for direct CPV in charm sector
» Several factors can contribute to the change
< larger data sample
< improved detector alignment and calibration
<> difference in analysis technique
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Tests of the method ﬂff‘%

 Check the response of the method on Monte Carlo
(Dalitz models from CLEO-c, arXiv:0807.4545):

» should not generate signal where it is not expected

* should give a visible signal where it is expected —l

l D*—K-K*r*

5x107 events with 4% weak phase difference between ampli-

Sample 50 times bigger than 2010  tudes for resonance of ¢(1020) from D*—¢n* a D— ¢

—~ T ~~ — 1 r T 7T T T v 150
° 9 o 3 »
MC 1 |
S .50 S The same bins
kI ¥ > Different scale
= 2:— = Of SCP
151
-10
1 o
0.5 1 1.5 2 0.5 1 1.5 2 Ll
mZ-_. (GeV%/c?) mZ-_. (GeV%/c?) =7
If no CPV then no signal (good) If CPV then P-value ~10-1%0
P-value ~5% — there is CP asymmetry
— no CP asymmetry — visible sign change of Sp in ¢ region
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Number of bins test %

Bins with different widths

Signal D*—->K-K*r* | Monte Carlo

. .,.eobins
6 (1020)_f _
" K*892) ™- (K
P(30)
No CPV 09 19
° ° ° Version with 25
6° weak phase difference in ¢(1020) 99% 98% bins is better
49 weak phase difference in ¢(1020) 76% 41%

100 the same experiments and check how many
times obtained 3o
A.Ukleja Charm mixing and CPV at LHCb 26/04/2013




The trigger and charm physics %

[LHC rate ~15 MHz} [c-anti-c ~10% 1

¥ ¥

Lo ~1 MHz [c-anti-c ~50% J
3 subdetectors:
ECAL, HCAL, Muon

hardware

After LO ~500 kHz c-anti-c events
No possibility of an inclusive charm trigger!

Possible only dedicated exclusive trigger lines tuned for the needs
of specific analyses to deliver high signal efficiency and purity

Hit1 (partial reconstruction) ~50 kHz (efficiency ~50 %)}

software ‘

HIt2 (full reconstruction) 3 kHz

2 kHz — b physics

1 kHz — dedicated exclusive lines of D—hh/3h/4h (efficiency 50-90%)
example: 5k D**—(D—K*K*)n*t for 1 pb' (2010: 38 pb-', 2011: 1.1 fb'T)
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Systematics D° — anti-D® mixing e

« Most of the systematic uncertainties cancel in the ratio between WS and RS
events

« Two main sources of systematic uncertainties have been identified:
(1) secondary D mesons

< D from B have wrong decay time

<> such events have non-zero IP

<> cut on %?(IP) removes most of them
< remains ~3%

(2) backgrounds from incorrectly reconstructed D decays — peak in M(D%x*,)
(the DO is partially reconstructed or misidentified)

<> such backgrounds are highly suppressed by tight PID cuts and two-
body mass requirements

< estimated a residual (0.4£0.2)% contamination of doubly mis-identified
RS events in the WS sample

* Results are dominated by statistical uncertainties
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Bias from secondary D decays
N t /2 /12
Rty =050 _ oy SRy Y
Ngs(t) 4
The contamination of charm mesons produced

In b-hadron decays could bias the time-dependent
measurement

NWS NE/S R
O

Ag(t) is a time-dependent bias due to
the secondary contamination

mse . NES( _ N
where: NRS(t) _|_NBRS(t)7 RB(t) o Ngs(t)

The fraction of secondary decays
in the RS sample at decay time t

Since Ag 2 0, it follows that the background from secondary D decays decreases
the observable mixing effect. The bias in bounded by

[ 0< Ap(t) < fE (1) [1 ) f}%%(%] }

26/04/2013
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Measuring fRS;(t) %

S e seen o
* A measurement of the secondary fraction 8 ,oF. [l Secondary D decays 1
is done by by fitting the x2(IP) distribution 2 b olyont - 3
of the RS DP candidates in bins of decay § I5p ]
time ok .

: qremeved
« Secondary shape is estimated from 5— : ..-'“ :
events reconstructed also as o Sl A ]

B — D*(3)r, B — D*uX or B — D%uX -10 0 10
Log *(IP)

S c o ]
EQ,O;_ e Data =

2 «I8F B with 68% :

/ b 16;_ ~ C.L.band = _

« The value of fR5,(t) is constrained in b4 E
y L -

the time-dependent fit to the measured 10F > | E
fraction :

LHCb

L |/ /| L L
20

/'t
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The unbinned method THCH
No evidence for CP violation using the binned S, method

The goal is to find the most sensitive method which allows us to see the
differences between D* and D-

The unbinned methods could be more sensitive than the binned ones but they
are more difficult in using

There are a few unbinned method

To analyse LHCb data Warsaw Group uses k-nearest neighbor (KNN) method:
(M.F.Schilling J.Am.Stat.Assoc.81(1986)799)

<> used to compare the Dalitz plots for D* and D- to test whether they have
similar distributions or not Dt —atwnt (hyh,hs)

< based on the concept of counting the tag
nearest neighbors (n,):
1. in a pooled sample of particles and antiparticles
we calculate distances between all event pairs
2. we find the k-nearest neighbor events to each point
3. we calculate a test statistic

M?(rr) (GeV?)
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The test statistic

To test the hypothesis f, = f, for the pooled sample
of D* and D- we calculate'

na—l—n n .
I'= nk(na—l—nb) Z ’ kil ](Z7 k)

<> I(i,k) = 1 if the i query event and its kI nearest neighbor
belong to the same sample, like pairs: D*—D* and D—D-
< I(i,k) = 0 otherwise, unlike pairs: D*—D"

T is the mean fraction of like pairs in the pooled sample of the two data sets

Advantage:
» the expected distribution of the test statistic is known
« forthe case f,=f, the pull (T-u;)/o;r has a limiting standard normal distribution

Ng(ng—1)+np(np—1)
n(n—1)

Mean: HUr =

2
Variance: limy, n, D oo 05 = ml%k (Tegt + 4 )

with the fast convergence even for D = 2
A.Ukleja Charm mixing and CPV at LHCb 26/04/2013




Expectation of test statistic forn,=n, and f,=f_ IL'I!mcb

300 uniform samples in two dimensions (x,y) from [0,1] are generated.
10k events in each sample.

Sample 1 e om0 m Sample AETT m Different samples are compared.
" 299 combinations

| | L na""nb
II\E/Ir:at;ir?S 0.499938:0.000322 T o nk(na_l_nb) Z k 1 I(Z k)
40— G .z | Expectation of ur and or:
i Sigma 0.001494 + OOOWS a o — 1 _|_ _ 1 ]
30/ N=10 1| HT = et n(z”b nib)(nb ' = 0.49999 (if 2 )
: i . 2 _ 1 NgMNp | NNy
: : hmn,nk,D—wo Op — nnk( .2 -4 na )
20p ] for n, = 10 expect o= 0.001581
10 : From the fit to the T distribution:
o:' N <T>=0.4999 + 0.0001 agrees with expected u;
049 0495 05 0.505 0.51

T O1fit = 0.001494 + 0.000078 agrees with o Lg
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Expectation of test statistic for n,=n_  and f_#f, ﬁfﬁ%

Two separated samples with comparable number of events are generated

CRETI YoT—
1 7 T s 1 - nk=10 il
i T = 0.991500 T =0.991500 |

05f 0.06 EXPp- 1, =0.499953 Expected distribution _

; | Exp.o, =0.002236 generated using i

of | | Difference = 219.827448 o, Exp. ur, o7 .

Prob = 0.000000 ]

If there are differences between

samplesthen 12T > 1/2 02 -
(here T — 1) ]
Probability = 0% that both 00.49 0.495 0.5 0.505 0.51
samples have the same parent T
distribution
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How does the KNN method work’?

Monte Carlo (CLEO-c model)
signal decay (SCS) D* — K'K*x*
100 pseudo experiments
2 million events each: with no CPV
and CPV —-10%in¢, n,=20
gi, = N'(DV)-N'(D")
CP \/Ni(D+)+N73(D—)

Experiments/0.05

| 0.4 -0.10.2 _|
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How does the KNN method work?

Monte Carlo, signal decay (SCS) D* — K" K+rt*
100 pseudo experiments, 2 million events each, n, = 20

No CPV
Region | > 10(%) | > 20(%) | > 30(%) | > 40(%) | > 50(%)
RO 27 7 0 0 0
R1 31 3 0 0 0
R2 28 2 0 0 0
R3 32 5 0 0 0
R4 26 2 | 0 0 0 |
R5 31 3 0 0 0
CPV - 10%in ¢ (regions R4 and R5)
Region | > 10(%) | > 20(%) | > 30(%) | > 40(%) | > 5o (%)
RO 93 69 33 9 1
R1 24 3 0 0 0
R2 28 3 0 0 0
R3 39 7 0 0 0
R4 08 57 | [s5 19 1]
R5 70 31 8 0 0
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LHCD
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The fraction of
data sets that
exceed 1,2,3,4,50
levels of
significance

Clear evidence
of disagreement
Is seen for MC
CPV sample
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Summary ARCH

 The kNN method was used to analyse LHCb data for searching local
differences between D* and D-

* First results for D* — ™™ (here CP asymmetry is expected) were
discussed within LHCb Group and analysis is under review (blined)

* We plan to use the kNN method for searching for CP asymmetry in different
decays of:
<~ charm particles,
< beauty particles (here CP violation is larger)
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