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Introduction
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CP violation:
mixing and direct
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 AΓ (%)

World average -0.059 ± 0.040 %

LHCb 2015 KK+ππ -0.125 ± 0.073 %

CDF 2014 KK+ππ -0.120 ± 0.120 %

LHCb 2013 ππ  0.033 ± 0.106 ± 0.014 %

LHCb 2013 KK -0.035 ± 0.062 ± 0.012 %

BaBar 2012  0.088 ± 0.255 ± 0.058 %

Belle 2012 -0.030 ± 0.200 ± 0.080 %

   HFAG-charm 
  CHARM 2015 

mixing parameters

LHCb measurements:
✦ soft-pion tagged, from decays D* → D0 πs (1/fb)
✦ muon tagged, from semi-leptonic B → D0 µX decays (3/fb)

Expect statistical error 
on hadronic Aᴦ of:

�(A�, 3/fb) ⇡
(
0.036% for K�K+

0.062% for ⇡�⇡+
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Binned method

✦ Binned method:
✦ Divide the sample into bins of lifetime;
✦ in each bin of lifetime: measure the number of signal events performing a simultaneous 

likelihood fit of ∆m between D0 and D̅0, where Araw is a shared parameter
✦ measure Araw in bins of D0 proper decay time, fitting ∆m simultaneously for D0 and D̅0;
✦ extract Aᴦ from a linear fit of Araw(t).
✦ Acceptance functions cancel out in the ratio.

Time-independent term: 
production, detector, etc.. 

Only an offset.

Time-dependent term

Araw(t) =
N(D0; ti)�N(D

0
; ti)

N(D0; ti) +N(D
0
; ti)

= A0 �A�
t

⌧
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Stripping

Stripping 21(21r1): 

CHARMTOBESWUM.DST, 
D2hhPromptDst2DxxLine 

S

(xx = RS, KK, PiPi)

✦ StrippingD2hhPromptDst2D2RSLine 
✦ StrippingD2hhPromptDst2D2KKLine 
✦ StrippingD2hhPromptDst2D2PiPiLine

http://lhcb-release-area.web.cern.ch/LHCb-release-area/DOC/stripping/config/stripping21/charmtobeswum/strippingd2hhpromptdst2d2rsline.html
http://lhcb-release-area.web.cern.ch/LHCb-release-area/DOC/stripping/config/stripping21/charmtobeswum/strippingd2hhpromptdst2d2kkline.html
http://lhcb-release-area.web.cern.ch/LHCb-release-area/DOC/stripping/config/stripping21/charmtobeswum/strippingd2hhpromptdst2d2pipiline.html
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Trigger and Offline selection

T

O

No L0 requirement

number of events after S+T+O

Candidates have to be TOS on:
✦ Hlt1TrackAllL0 
✦ Hlt2CharmHadD02HH_D02xx || Hlt2CharmHadD02HH_D02xxWideMass || 
Hlt2CharmHadD02xx || Hlt2CharmHadD02xxWideMass
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)2 Sample # events K⇡ [10

6
]

2011 Up 15.9
2011 Down 23.2
2012 Up 46.1
2012 Down 47.8

Base Selection
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Cross checks on D0 → Kπ (pseudo-Aᴦ)

A. Random pion background 
B. Secondary background
C. combinatorial background

A. abs[ deltaM -145.45 ] < 1 MeV/c2 

B. IP𝛘2(D0) < 9

C. abs[ m(Kπ) - mD
0 ] < 3*8 MeV/c2 

✦ To speed up this first exploratory stage of the analysis we 
count signal events without performing a likelihood fit in 
bins of proper decay time:

✦ backgrounds reduced tightening requirements on 
masses and IP𝛘2.

Residual random pions background ~3%

✦ Time-depend asymmetry in the D0→ Kπ is expected much smaller than that in D0→hh decays.
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pseudo-AΓ results

sample A�[10
�3

] �2/ndf

2011 Up 1.71± 0.29 32/27
2011 Down �0.02± 0.24 12/27
2012 Up 0.78± 0.17 50/27
2012 Down �0.04± 0.17 26/27
average 0.46± 0.10

✦ Current experimental sensitivity not sufficient to 
measure a significant pseudo-AΓ  for the D0→Kπ 
different from zero. Any observed slope is a clear 
indication of a dangerous detector induced effects.

4.6σ from zero
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Time-dependent asymmetry vs. momentum-dependent charge asymmetry

✦ Observed significant slope different from zero;
✤ removing regions with large asymmetries reduces the effect.

✦ Data seem to tell us that charge asymmetry is correlated to the the proper decay time. How 
is it possible?

x

Momentum-
dependent charge 

asymmetry

“Correlation”
 momentum - proper 

decay time

time-dependent 
asymmetry 

Momentum and decay-time 
of a particle are independent.

Due to:
✦ detector
✦ selection
✦ run condition
✦ etc….

✦ A time-dependent effect may be generated by a detector charge asymmetry if:
✤ momentum and proper decay time are correlated.
✤ charge asymmetry is momentum dependent.
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Decay time vs. momentum of D
0

Correlation between decay time and momentum of the D0 is observed mainly at 
low value of decay times.
Similar correlation is observed with the soft pion momentum and the D0 daughters 
(the momentum of all the product decays are correlated)

P. Marino SNS & INFN-Pi 913/10/15

First ingredient: p(D0)-ct(D0) correlation 

✦ “Short-lived”(long) D0s have a harder(looser) momentum 
distribution.

✦ Correlation holds even removing edge effects.

“Correlation”
 momentum - proper 

decay time
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Second ingredient: charge-asymmetries
✦ Charge asymmetries are present;
✦ large variations as function of px.

Momentum-
dependent charge 

asymmetry
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Proving the conjecture
✦ Conjecture: a momentum-dependent charge asymmetry 

generates a time-dependent charge asymmetry through the 
detector-induced p-ct correlation: 

✤ By reweighting the px-distribution of positively and 
negatively charged soft pions it is possible to create an 
artificial slope in the 2011 Down sample.

Real 
distribution

Fake 
distribution
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pseudo-AΓ as function of p(D0)
✦ The kinematics of the soft pions (or D0 meson) strongly affects pseudo-AΓ extraction. In 

particular momentum seems to play a key role.

A�[10
�3

]

sample/[GeV/c] p(D0) < 50 50 < p(D0) < 100 p(D0) > 100

2011 Up 1.56± 0.47 0.99± 0.39 3.67± 0.91
2011 Down �0.44± 0.39 0.31± 0.33 1.52± 0.76
2012 Up 0.35± 0.27 0.19± 0.24 �2.12± 0.56
2012 Down �0.08± 0.27 0.58± 0.23 3.74± 0.55

pseudo-AΓ results as function of p(D0)

✦ All values should be compatible with each other, and should be also compatible with zero.           
A simple 𝛘2 fit indicates that this is not the case.

✦ Large variation observed in same entries of the table:
✤ 2012Up: bin1 vs. bin3→4.4σ; 2012Down: bin1 vs. bin3→~7σ;

const. = 0.44± 0.29

�2/ndf = 90/11
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Symmetrisation
✦ kinematics of positively charged pions  is re-weighted to the kinematics of negatively charged pions:

✤ px is flipped to –px.
✦ symmetrisation performed in the 2D space: C and 𝜃x  

✓
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Symmetrisation II
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pseudo-AΓ results after symmetrisation

✦ The discrepancy from zero reduces (average 
from 4.6σ to 2.7σ);

✦ Araw(t) fits well to a straight line (𝛘2 is better).

✦ Still discrepancies remain, in particular on 
2011 MagUp sample (2.9σ)

base sel. (ndf=27) base sel., C/✓ sym.

sample A�[10
�3

] �2 A�[10
�3

] �2

2011 Up 1.71± 0.29 32 0.85± 0.29 18

2011 Down �0.02± 0.24 12 0.19± 0.24 14

2012 Up 0.78± 0.17 50 �0.06± 0.17 23

2012 Down �0.04± 0.17 26 0.42± 0.17 28

average 0.46± 0.10 0.26± 0.10
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Robustness of the method
✦ Pseudo-AΓ calculated as function of the D0 momentum, to check if some residual momentum 

dependences is still there.

pseudo-AΓ results with base selection as 
function of D0 momentum

pseudo-AΓ results with base sel. after the 
symmetrisation as function of D0 

momentum

const. = 0.22± 0.20

�2/ndf = 42/11

const. = 0.44± 0.28

�2/ndf = 90/11
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Robustness of the method II (fiducial cuts) 

✦ 𝛘2/ndf of the fit to a constant moves from 90/11 (base selection) to 19/11 (base selection + 
fiducial cuts + symmetrisation), corresponding to an improvement of 71/11 units.

with fiducial cuts
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Conclusion
✦ A significant time-dependent asymmetry observed when a loose selection is required (4.6σ 

from zero over all data samples).
✦ pseudo-AΓ depends on the momentum requirements.
✦ A “plausible source or part of source” of this may be the combination of two effects:

✤ a momentum-dependent charge asymmetry of the soft pion
✤ an artificial detector-induced correlation between the momentum and the proper decay 

time of the D0 meson.
✦ A combination of fiducial requirements plus “symmetrisation” of kinematic distributions of soft 

pions seems to cancel out the artificial time dependence of the asymmetry.
✤ Over all data sample effect moves from 4.6σ to 1σ (where 1σ = 1.5⨉10-4)
✤ pseudo-AΓ  compatible to be a constant in different periods and different momentum bins 

(𝛘2/ndf moves from 90/11 → 19/11)

✦ AΓ(Kπ) is now compatible with zero and flat in momentum bins and different periods.
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Backup Slides
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Removal of soft pions acceptance-induced asymmetries

✦ It is well known there are kinematic regions of the soft pions with charge asymmetries up to 100% 
level.✻

✦ Large asymmetries induced by acceptance factors can be removed by excluding kinematic region 
of the space.

crosshatched regions
are removed from the sample.

✻ LHCb-ANA-2011-059 & 
  LHCb-ANA-2012-011

~ 60% of the events retained 
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pseudo-AΓ results in soft pion fiducial regions

✦ Discrepancy from zero of the average 
reduce to 3.1σ (before 4.6σ), with also:

✦ 2011MagUp 3.7σ (before 5.9σ) 
✦ 2012MagUp 2σ (before 4.5σ)
✦ MagDown samples remain 

compatible with zero (@1σ).

base sel. (ndf = 27) base sel.+f.c (ndf = 27)

sample A�[10
�3

] �2 A�[10
�3

] �2

2011 Up 1.71± 0.29 32 1.36± 0.37 18

2011 Down �0.02± 0.24 12 0.28± 0.31 18

2012 Up 0.78± 0.17 50 0.44± 0.22 33

2012 Down �0.04± 0.17 26 0.09± 0.22 34

average 0.46± 0.10 0.40± 0.13
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Comparison with Oxford analysis (binned AΓ 1/fb)

Average: weighted average.
Total: pseudo-AΓ performed with the all samples in one shot.
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Figure 5: Asymmetry as function of decay time for the MagUp and MagDown samples, in 2011
(left) and 2012 (right) data sample.

Table 4: A� results for MagUp and MagDown sample, split before and after technical stop. A
comparison with the results of “Oxford” analysis is reported. The samples are not independent
but in the comparison are treated like they were.

sample A� [10≠3] A� [10≠3] (oxford) �(my-oxf)/‡

2011 MagUp before TS 1.42 ± 0.45 0.56 ± 0.49 1.7
2011 MagUp after TS 1.86 ± 0.37 1.11 ± 0.39 1.9
2011 MagDown before TS 0.39 ± 0.40 1.04 ± 0.48 ≠1.3
2011 MagDown after TS ≠0.24 ± 0.30 0.49 ± 0.31 ≠2.3
average 0.68 ± 0.18 0.76 ± 0.19 ≠0.4
total 0.72 ± 0.18 ≠0.08 ± 0.19 4.2

that this residual background do not generate the observed pesudo-A� discrepancy, the116

asymmetry of the random pions background as been calculated. To do this, we reverse117

the selection on �m, in particular |�m/( MeV/c

2) ≠ 145.45| > 1. In addition, to include118

the contribution of pure combinatorial backgrounds, the mass window on D

0 mass has119

been enlarged to 5‡ of the nominal mass. Then the pseudo-A� has been measured. The120

values for all the four sample are reported in Tab. 5. The average value for pseudo-A� in121

random pions is 0.47 ◊ 10≠3. The assessed random pions background contamination in122

the signal region is about 3%, thus we can approximate eq (10) in the following way:123

A

m

� ¥ A

s

� + 0.03A

b

�. (11)

Therefore the contribution of random pions background to the measured pseudo-A� is124

¥ 1.41 ◊ 10≠5, totally negligible within A� resolution.125

8

LHCb-ANA-2012-039 
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Check of time-dependent asymmetries with selection from “D0-Mixing analysis”

✦ All numbers are compatible with 
zero within statistical uncertainty.
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pseudo-AΓ results with mixing analysis selection

✦ We study the effects of the cuts of mixing analysis 
selection one by one.

✦ Discrepancy on 2011Up sample becomes ~ 2.1σ with all 
the cuts listed, from a initial value of ~ 6.1σ.

A�[10
�3

]

sample mixing sel.

2011 Up 0.77± 0.37
2011 Down 0.06± 0.31
2012 Up 0.14± 0.23
2012 Down �0.37± 0.22
average 0.02± 0.13

{base sel. +

below

base sel
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Symmetrise sample with mixing selection

✦ Also with the D0-mixing selection the symmetrisation 
works properly, given an improvement in the 𝛘2.

A�[10
�3

] base sel. + mixing cuts

sample/[GeV/c] p(D0) < 50 50 < p(D0) < 100 p(D0) > 100

2011 Up 1.35± 0.68 �0.23± 0.49 2.12± 1.10
2011 Down �0.03± 0.56 0.23± 0.41 0.92± 0.92
2012 Up �0.19± 0.40 �0.32± 0.30 �1.15± 0.68
2012 Down �0.22± 0.39 �0.03± 0.29 1.13± 0.66

A�[10
�3

] base sel. + mixing cuts, C/✓
x

sym.

sample/[GeV/c] p(D0) < 50 50 < p(D0) < 100 p(D0) > 100

2011 Up 0.90± 0.68 �0.16± 0.49 1.22± 1.10
2011 Down 0.15± 0.56 0.19± 0.41 1.52± 0.92
2012 Up �0.59± 0.40 �0.14± 0.30 �0.50± 0.69
2012 Down 0.10± 0.39 �0.14± 0.29 0.93± 0.67

const. = 0.01± 0.13

�2/ndf = 11/11

const. = 0.01± 0.16

�2/ndf = 17/11


