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No unambiguous evidence for CP violation in the
charm sector

In SM, the CP-violating effects in charm are small
but hard to predict

Huge amount of prompt and secondary charm
decays collected and reconstructed at LHCb

Sensitivity to measure small CP violating effects



Prompt and secondary charm

Prompt charm:

h D points to primary vertex
D* DO Daughters of D don't in general
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Secondary charm: Vi
D doesn’t point to PV in general



Direct CPV

CPV in the decay amplitude;
time independent
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The flavour of the initial state (DO,DO) g e SR
>,

is tagged by the semileptonic decay B — D" wv,X

the charge of the muon identifies the DO° flavour

) f=f=KK
Acp (f)= — —) or
f=f=n'n
DO decays to CP eigenstates




The for tagged DO decays to a final state f is given by:

N(B—D’uX)-N(B—D’u'X)

A (f)=

N(B—DuwX)+N(B—D"uX)

where N(X) refers to the number of reconstructed events of decay X after

background subtraction

We measure the physical CP asymmetry plus asymmetries due to detection effects

and production

A (f)=

Ay (f)

Physics CP

asymmetry

+

Ap (1)

Detection

asymmetry of asymmetry
muons

+A, (B)

Production
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If we take the raw asymmetry difference:

AA.,=A,, (KK)-A,, (mr)=A., (KK)- A, (7r)

the production and the muon detection asymmetries
will cancel



A (KK)=|A,,., (KK)-A,(u)- A, (B)

want measure /

B—D"'(—Kx)uv X

7
A, (Kr)
\

D" —= K a'x"

D" —KJn*  — Acpi (KO)

Ap(7*). A (D7) - <

Acp () = Acp (KK )= AAp

First measurement by LHCb of an individual CP asymmetry
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Using 3 fb-'data (2011 and 2012

data)

Regular magnet polarity swap

201 | and 2012 data and the up-
down magnet polarities
independently analysed

Kinematical re-weighting

Mistag probability obtained from
DO — Ki-rl'i

Careful treatment of kaon
interactions with matter

Signal: sum of 2 Gaussian functions with a

power-law tail

Bckg: combinatorial: exponential function

Mis-ID: gaussian function
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Results

arXiv:1405.2797 [hep-ex]
submitted to |HEP

Systematic uncertainties:
Source of uncertainty AAcp Acp(K~KT)
Production asymmetry:
Difference in b-hadron mixture 0.02% 0.02%
Difference in B decay time acceptance 0.02% 0.02%
Production and detection asymmetry:
Different weighting 0.02% 0.05%
Non-cancellation - 0.03%
Neutral kaon asymmetry 0.01%
Background from real D° mesons:
Mistag asymmetry 0.03% 0.03%
Background from fake D° mesons:
DP mass fit model 0.06% 0.06%
Wrong background modelling 0.03% 0.03%
Quadratic sum 0.08% 0.10%

Correlation p = 0.28
Acp(m~ 7)) = (—0.20 £ 0.19(stat)

AAcp = (+0.14 £ 0.16 (stat)
A(jrp([&r_[&r—i_) = (—0.06 + 0.15 (St'a,.t)

+ 0.10(syst))%

= 0.08 (syst)) %

0 (syst))% .

no CPV

Most precise measurement of individual asymmetries
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World averages
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A (F) = Acp (F) + Acp (K 1K)+ Ay (h7) + A, (D)

Similarly for the control channel D+ — ®ht
Measure:

AG = (A (05 = KI) = A (D7 = KVK)) (A (D7 = K7) A, (D = KK )

AéjpD ~ A, (D: — Kfyf)+ACP (Di — KSOKi)

Acp (D7 = K'a*) = A, (D7 = K'x*)- A, (D7 > &)

Aep(D* = KK ) ~(A

raw

D*—=K’K*)-A (D*—=K’K*)|-|A (D*—=K'’n*)-A (D*— &g
(D" = KIK*)= 4, (D] = KIK*))-(A,,, (D" > Kl7*)-4,,(Df > 0"

Cancel production and detection asymmetries
Acriint(K°): small effect from mixing , only K° decays with

short times used
|2




Yields

® Using 3 fb-!data (2011 and
2012 data)
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® Regular magnet polarity swap
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® Kinematical re-weighting
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Signal: Cruijff function
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PRELIMINARY Results

Systematic uncertainties: LHCb-PAPER-2014-018
/5=1TTeV Vs =8TeV

Source AD Ag; i wa Agg SO AT D; T Ag;:;t e

Fit procedure 0.14 0.09 0.11 0.07 0.05 0.01

Cross-feed bkgd. 0.03 0.01 0.02 0.01 - 0.01

Non-prompt charm 0.01 — - 0.01 - —

Kinematics 0.08 0.06 0.13 0.05 0.07 0.12

Fiducial region 0.10 0.06 0.04 0.19 0.02 0.17

Trigger 0.13 0.13 0.07 0.17 0.17 0.09

K° CP violation 0.03 0.02 0.02 0.04 0.02 0.02

and regeneration

al 0.23 0.18 0.19 0.27 0.19 0.22

05K = (40,03 +0.17 £ 0.14)% Most precise

measurement of
these quantities

A

- =
ADE~KS™ _ (10.38 4 0.46 + 0.17)%.

No indication
+
ADSTRSKH | 4Di—KSTE _ (10,41 + 0.49 + 0.26)%. for CPV
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CPVinD" 2 117 117

Model-independent

searches for CP violation:

Local asymmetries might manifest:

e larger than the phase space integrated ones

e may change sign across the Dalitz plot
e additional information about the dynamics

Over 3M D* & D" decays in | fb"! (201 | data)

2 complementary methods:

PLB 728 (2014)
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v Search for asymmetry significances in bins of phase space

v Search for local asymmetries through un-binned

comparison with nearest neighbours


http://dx.doi.org/10.1016/j.physletb.2013.12.035
http://dx.doi.org/10.1016/j.physletb.2013.12.035

PLB 728 (2014) 585-595

Binned method

asymmetry significance

Ni(D%) — aN¥(D™)
\/Nz'( D+) + a2Ni(D-)

Sép —
\

Niot (D7) Siow [GEV ']

]\rtot (D_) \

Q =

removes sensitivity to

! | global asymmetries
X° = 2(Scp)”

\

p-values for no-CPV hypothesis
> 50% for different binnings No CPY

With 201 | data sensitive to |°-10° differences in phase and |-10%
in magnitude
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http://dx.doi.org/10.1016/j.physletb.2013.12.035
http://dx.doi.org/10.1016/j.physletb.2013.12.035

0 0 0 0
D —=D —D —D
(M o) = p|MY) £ q| M)

3

Mass eigenstates Flavour eigenstates

y=AL/2)) 2= Am/T|




CPV and mixing in charm

mIX K_ _|_
® Measure the ratio of WS to RS events (s
Ny s(t) it T+ ?J’Q t
t) = ~ —
R(?) Ngs(t) Ha+ VoY T

4
K
e X*=|q/p|t' (X’ cosD £y’ sind) mix -
*  y'*=|q/p|r'(y’ cos® F X’ sin®) \)

'PRL 111 (2013) 251801 |

® Measurements use prompt D9=KTr decays = T
(3 fb!): split by flavour 3L LHCD (@) CPV allowed :
. A 6-_ -

Ry [107%]  3.545+0.082£0.048 .NO. direct or =t
y* [1073] 51+ 1.2 £0.7 indirect CPV ~ 4af .
2%+ [107%] 4.94& 6.0 +3.6 - >3 _
Ry [107°] 3.59140.081 40.048 Most stringent 2 "=D"68.3% CL -

- - Y

y'~ (1077 45+ 1.2 £0.7 constraint on the - —D768.3% CL -
. 6.0+ 5.8 X£3.6 magnitude of q/p 0= _Oll - (I) - 'Ol.ll - 'Olzl )




Indirect CPV

CPV in mixing and/or the interference
of direct CPV and mixing;
time dependent



® Measure asymmetries of effective lifetimes of decays to CP

eigenstates:
- 4 — la/pl*—1p/af’
Ar = AMy cos® + x sind = -acp" Mo lg/plP+ Ip/al?
(Neglecting Aq y cos )

® Measurements use DO—K-K* and D% T11-11* decays (| fb')

Ar(KK) = (-0.35+£0.62+0.12)x | 03 Most precise measurement of
CP asymmetries

Ar(TTTT) = (0.33£1.06+0.14)% 1073
PRL 12 (20|4) 041801

081.2_. . gatal — — — 051.2_. . gata| .

1.1 — i : =11 —Fit M;
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HFAG averages
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® Precision CPV measurements in the charm sector
at LHCDb

® Reached sub-10-3 precision

® No evidence for direct and indirect CPV



