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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.261803

The Charm sector is a unique and powerful
probe of SM and beyond ATV

[JPC Ser. 556 (2014) ©12001]
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— complements searches done in K 10% ¢
and B systems. 103?
1025—
» Huge data samples 10

— only recently reached sensitivity to 00
probe BSM physics.

p%-pY BO-BO  B;-B
<108 [LHCb—CONF-2016-005]
g Li—ICb l;lrelimlinaryI | | | | | I |
6 2011+12 data

T D’ —>Kn*

:_ Signal: 630 million

» SM predictions are hard
— push theory tools development.
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2016-005.html
http://iopscience.iop.org/article/10.1088/1742-6596/556/1/012001/meta;jsessionid=E52B75D65C4A4B453BB14C803CD09FA0.c4.iopscience.cld.iop.org

Flavour mixing in the Charm sector
is well established

» Mass eigenstates # flavour eigenstates HELAV arXiv:1612.07233]
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CP violation yet unobserved

» Small value expected from the SM of [HFLAV arXiv:1612.07233]
O(VUbVCb*/Vuchs*) < 10_3 %
» Present sensitivity close to the SM i

expectation. R S
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Ar is a golden observable to search for CPV

N - CPV in the mixing |g/p| # 1
A = D" —-N-TD’—f 1 [( 4q _|’_; )yCOS(Pf—[(‘%‘+’§DXSin¢f]
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CPV in the interference ¢+ #0,7
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where T is the effective decay width for D°=KK and D°—Tr1r.

Time-dependent CP asymmetry at the first order in t/zp (X,Y
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neglecting CPV in the D°—f decay we obtain AZX% = —Ar




Flavour identification (tagging)
is done through D™* decays

» DY meson flavour cannot be determined from the
CP-eigenstate final states K*K- and 11T

» DY meson production mechanism is exploited.
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Prompt tag. Semileptonic tag.

[JHEP 04 (2015) 043]



https://link.springer.com/article/10.1007/JHEP04(2015)043

LHCb detector: excellent tracking

and particle identification performances

Weight: 5600t
Height: 10m
Long: 21m

VErtex LOcator
~(15+29/pt)um IP resolution

4 Tm dipole

O,/p ~ 0.5-1%@ 5-200 GeV/c



Measurement of Ar in D% h*th- decays at LHCb:
analysis strategy

» Measure yield asymmetry in bins of D% decay time

Detection asymmetry A%E — Ar—

N D™ — D°n*) - N(D*” — D) %
Araw () = el - N N
? N(t; D** — D)+ N(t; D*~— D°z™) ?

D* production asymmetry

» Correct for detection-induced charge asymmetries.

» Extract Ar through a linear fit to decay asymmetry as
function of D° decay time.

Control sample: CF DO—K-n* decay  Araw = Ap + Ap + A%H




LHCb data at 7 and 8 TeV corresponding to 3/fb

Yields in Millions

/ TeV 2011 Up 10.7 1.2 0.36
/ TeV 2011 Down 15.5 1.7 0.53
8 TeV 2012 Up 30.0 3.3 1.02
8 TeV 2012 Down 31.3 3.4 1.07
Total 87.5 9.6 2.98
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Control sample Ar is incompatible with zero,
indication of a time-dependent detector asymmetry
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» Ar(D?—= K 11%) results are incompatible _

with zero and with each others. 2011 Up +1.65 + 0.30
» Not even straight lines. 2011Dw  -0.11 + 0.25
2012 Up +0.77 * 0.18
Clear indication of very dangerous 2012 Dw Q.06 + 0.17
+ 0.10

detection effect. Average _0.41
‘10;



How the momentum-dependent charge asymmetries
generate time-dependent charge asymmetries
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Momentum dependency removed by

. . . . . kK = 1/\/ x2 z2
reweighting the soft pion kinematics )

Ox =arctan(px/pz)
By =arctan(py/pz)

n~(k,-0x,0y)

» Remove any dependency making n*(k,0x,0y)
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» Each subsample (2 magnet polarity x 2 centre of mass energy)
is independently reweighted with the ratio

h*(Kk,0x,0y)
n_(k!_OX!eY)




The devised correction works perfectly
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» Results compatible with zero.

» Results compatible with each
other.




Ar results in DY—=K+*K-and DO—=TrtT11-

[PRL 118, 261803 (2017)]
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» Same procedure of control sample DO—=K-1r*

Ar(D—=K*K-) = (-0.30 £ 0.32 = 0.10) x 103
Ar(DO—=T1rt117)= (+0.46 £ 0.58 £ 0.12) x 103

» Main systematic: contribution from secondaries (non-
prompt D).


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.261803

The most precise measurement of CP violation
in the charm sector IprL 118, 261803 (2017)]

Belle 2012

Babar 2012

CDF 2014

World average

» Yet no CPV observed at 2.6x1074.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.261803

LHCb Upgrade and Beyond

» Precision measurements of mixing and CP violation are
important tools to test the SM at energy scales and
couplings unaccessible at the energy frontier.

» Analysis update with Run2 data in progress: already the
statistics of the Runl.

[CERN-LHCC-2017-003 ]
< - HFILAVV\lforld IAveralge J ali 2017I | |

0.4 — Il HFLAVWA Jan 2017 + LHCb 300/fb

» Get ready for the LHCb Upgrade

(Run3-4, 50fb-1). 02p
» Phase2 upgrade is under discussion - ~
(Run5-..., 300 fb™1) oaf



https://cds.cern.ch/record/2244311
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.261803

Analysis validation

» Several pseudoexperiments have been performed
injecting different fake values of Ar

» The reconstructed value accurately tracks the input

value of Ar
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Ar(D9—=K*K") results
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Ar(D°—1T*+117) results
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