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Charm System

Mixing in a Nutshell

» Mixing in Neutral Mesons:

mass#flavor eigenstates

» Mixing Hamiltonian: H =M — £

» Mass Eigenstates:
—0
|D12) = p|D°%) +4q|D°),

P>+ g2 =1
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3 Types of CPV

Direct CPV (Charged and Neutral)
Ar = (f[H|D), A7 = (f|H|D)

41

Af
As

CPV in Mixing (Neutral)
¢ = arg (%) # 0| (weak phase)

or ’%‘;ﬁl

CPV in Interference (Neutral)

arg (%%) #0
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Charm System

Short Range
C—>»—

Charm Mixing in the SM
> Only up-type quark system with
mixing/CPV

d,s,b)

\d, s, b

U————

Long Range
> Mixing enters at 1 loop level in SM,
GIM and CKM suppressed
> Non-perturbative long-range effects )0

may dominate short-range
interactions, difficult to calculate

> x,y expected to be small in short and
long range limits, CPV expected to be
O(1073) in SM

> |If enhancement of CPV is seen, could
be caused by New Physics (NP)
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LHCb

The Detector

> o (CT)LHeh, 7Tev =
1419 + 133ub

Nucl.Phys.B 871(2013), 1

> o(bb)Lmch, 7Tev =
75.3 £ 14.1ub
Phys. Lett. B 694 (2010), 209

» ~ 350M reconstructed
charm decays in 2011!
(LHCb-TALK-2012-078)

Ma MS
M3
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TT & T Stations:
Ap/p =0.4% — 0.6% for 5 — 100 GeV Tracks‘
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LHCb

The Detector

> o (CT)LHeh, 7Tev =
1419 + 133ub

Nucl.Phys.B 871(2013), 1
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753+ 14.1ub

Phys. Lett. B 694 (2010), 209

~ 350M reconstructed
charm decays in 2011!
(LHCb-TALK-2012-078)

TT & T Stations:
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LHCb

The Detector

> o (CT)LHeh, 7Tev =
1419 + 133ub
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> o(bb)Lmch, 7Tev =
753+ 14.1ub
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» ~ 350M reconstructed
charm decays in 2011!
(LHCb-TALK-2012-078)

P

Dipole Magnet: s T

TT & T Stations:
‘Ap/p = 0.4% — 0.6% for 5 — 100 GeV Tracks‘
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LHCb

The Detector

TT & T Stations:
‘Ap/p = 0.4% — 0.6% for 5 — 100 GeV Tracks
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0(CT)LHep, 7Tev =
1419 + 133ub

Nucl.Phys.B 871(2013), 1
o(bb)Lych, 7Tev =
753+ 14.1ub

Phys. Lett. B 694 (2010), 209

~ 350M reconstructed
charm decays in 2011!
(LHCb-TALK-2012-078)

Results presented
today from
Vs=T7TeV
2011 Data, 1fb~!
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D° — D° Mixing

PRL 110, 101802 (2013

DCS
—0 ..
D° — D" Mixing
» Use Decay D** — D7 (+c.c.), use D°
s to tag D flavor
» D% —» K~ (Right Sign) M @ CF

» D° — K*m~(Wrong Sign)

_ NWS@) . ’ x"24y"? 2
R(t) = NRSD) ~ Rp + «/Rpy'Tt + =—>—(I't)

0. 10° —————————r
T _12f 1 _or
o ) LHCb * RS data ) LHCb * WS data
= = ! — Fit % 8 — Fit
Pg/*\ E 08 F I Background E oF I Background
2 K g =
g 06 1 3
g g 4
2 04fF 4 0=
~ 8.4M ~ 36k
S 02 32
' RS Decays WS Decays
0 L ‘ 0
2.005 201 2015 2.02 2.005 201 2015 2.02
M (D) [GeV/e?] M (D"rt) [GeV/e?]
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http://prl.aps.org/abstract/PRL/v110/i10/e101802

D° — D° Mixing

PRL 110, 101802 (2013)

p° —D° Mixing

x'2 72
R(t) = 79\’;(?;(3)) ~ Rp + VRpy'T't + *£¥=(I't)?

x' = xcosd + ysind, y = ycosd — xsind
Comparison to

x10” other experiments
LSBT 7 < T —
F e« Data E‘ 2F LHCb 1 81 .5 — Belle
6.5 — Mixing fit 1 = > LHCb
6F - No-mixing fit E 1.5F — — CDF (96 1b")
E 1
55F 1 E
x 5F 3
E 05F 50 1 os-
45 E__ 4 E - 30
4E E o —lo 3 3
35 E LHCb 3 + No-mixing ] 0
E -0.5F B
3E ) ‘ ‘ , E ‘011””0\05‘”‘(\)””0105; J i
0 2 4 6 20 oL 2 -0.05 0
i/t X' [%] x2 (10?)
No mixing excluded at 9.1¢0
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D" — ¢n* & D} — Kem'

JHEP06(2013)112
CPVin D" — ¢r" and D — Kir ™" ’
C$E}¢ ™
> Interference between of,
Cabibbo-suppressed tree level and
penguin amplitudes o{ Y

» Acp(DT — K27 1) 2~ 0.01% and :
no penguins—assume no CPV 1y

Ace (D = 1) = Araw (DF 5 675) — A (DF = KirT) + Acp (K°/K°)
N e

Np- — Np_

—br = Tpm —0.028 + 0.028%

Np+ + Np— Phys Lett.B718(2013)902
g N

Acp (DF — K2t) = A (DF S K211)) — Aw (DF — 67t) + Acp (KO/RO)
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http://link.springer.com/content/pdf/10.1007%2FJHEP06(2013)112.pdf

D" — ¢n* & D} — Kem'

JHEP06(2013)112

» Strong phase varies rapidly across
¢ resonance in Dalitz plot, could

» Fit invariant mass distributions to
extract signal events

Candidates / (MeV/c2)

" mass [MeV/c]

4 mass [MeV/c?]

Candidates / (MeV/c2)

—_ cancel Acp
é é » Define observable which doesn't
3 f vary across Dalitz plot
L ZS . 0 g SO . Acpis = E(AéP + Agp — Alp — ACp)

4000 5

C‘I

1900 19 2000
K mass [MeV/c?]

2000
Kr* mass [MeV/c?]

1800 1850 1900 _ 1950 1800 1850

1 2 14 16 18

4 16 18
m? (Ke*) [GeVe'] m? (K') [GeV/cl]

(Acp(D = ¢n") = (—0.04 £ 0.14 = 0.14)% )

_(_ 0
(ACP(D: — K2rt) = (4+0.61 +0.83 + 0.14)%] [AC”'S =(-0.18+0.17+0.18) A’]

Constrains CPV
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D° 5> K K'ztr~ & > 7 nlxin™

LHCb-PAPER-2013-041(in prep.)

D° - K Ktntn & D° - n ntotn™
» 4-body decay: many resonances

» KKz : D° — ¢p, Ki(1270)5 KT, K*(1410)TK T etc
> 47 : D° — pp, a1(1260) T, etc

> Tree-level and penguin SCS amplitudes

» Look for Direct CPV in regions of 4-body phase space
—5 combinations of 2- and 3-body invariant mass squared

» D% - (1,2,3,4) : 5(1,2),5(2,3),5(3,4),5(1,2,3),5(2,3,4)
> Identical particles assigned randomly

» No Direct CPV in D° — K~ nTrtn~ — use as control

ha
channel

et hs

PV .\‘
D* Ts h4
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(] — — — —
D' 5 K K'n"'n~™ & 5> 7 n'ntx

LHCb-PAPER-2013-041(in prep.)

Analysis Strategy » Significance in equally populated
bins of 5D phase space

» Fit (m, Am) plane to extract ;JWeights sipo MDD e % N(D°)

(m(4h), Am = m(4hms) — m(4h)) a(a3(D°) + o(D") 22 Ni(D)

» No CPV = Gaussian distribution

» Signal extraction via sPlot technique

D - K~ Ktata~ D 5 K ntmtm™

[ LHCb
Preliminary

LHCb
[ Preliminary

= sooof- LHCh
£ Preliminary
S

2000 3
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20000 ]
o 0 e
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*77) [MeVie?] m(K x*a*x7) [MeVie?]
10"
< T T i T T T W T E
Z ool LHCO 43 E LHCb z LHCb
=7 Preliminary Preliminary H Preliminary
o S b ]
S iso00f- E F g
E 1 E ol B
s000F- B E o !
Tiv IS % To T 50 m g )
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57k Signal 330k Signal 2.9M Signal
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D° 5> K K'ztr~ & > 7 nlxin™

LHCb-PAPER-2013-041(in prep.)

D — K Ktntr™ D° —» K rntntn
n 10T T T T T "
g LHCb <
E 8C D' =K K*aa SCP é
5 Preliminary g

IS
=

T 5 T T T o T
E LHCb 3 HCb E| S 25F LHCb
D' atata Araw E ! KKt Araw 3 % D' K atata Araw
Prehmmary + 3 £ 6F Preliminary £ 20F preliminary
3 5 8
E| 15
ISE El 4 +
0E + .{. E ; + + o + E
°F ++ + 3 + »H—+ E °F + E
0 . , netS E E . , , N . | 4,
0T 005 0 0.05 0.1 0.1 2005 0 s 0 002 0 0.02
[ LHCb Preliminary Results ] [ LHCb Preliminary Results ] [ LHCb Preliminary Results
| Bins | x?/ndf | p—value(%) | [ Bins | x?/ndf [ p—value(%) | | Bins | x*/ndf [ p—value(%) |
64 68.8/63 28.8 16 22.7/15 9.1 16 16.5/15 34.8
128 130.0/127 41.0 32 42.0/31 9.1 128 113.4/127 80.0
256 247.7/255 61.7 64 75.7/63 13.1 1024 1057.5/1023 22.1

No evidence for local

Consistent with no CPV  Consistent with no CPV .
asymmetries
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Summary

Summary

> With 1 fb~" of 2011 LHCb data:
» DD’ mixing verified (9.10)
» CPV constrained in D™ — ¢n™ and D} — K2n™

» No evidence for CPV in 5D phase space of D° — K=K+ r 7~

or DY - ratatn~

» 2 fb~! of 2012 data are currently being analyzed.

» Stay tuned for much more soon!

A. Davis
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