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Why study CP violation in charm?
* Mixing and CPV

» CP and mixing well established in K and B systems
» charm system is the only up-quark sector which can
exhibit these phenomena

— 70 is its own antiparticle and top does not hadronize....

» mixing in D° — D° now verified with ~ 100
(no single 50 though)

mass eigenstates:

¢ u |D1) = p|D°) + q|D°)
o0 § § 5 1D =pID% - glD%)
a c _ mi+m _ ;4T
a c m = 172L 2’ = 1g2
%] [-4]

» Indirect CP arising through D® — D° mixing
estimated to be O(107%) in the SM
but up to O(1072) in NP

Y. Grossman, A. L. Kagan, and Y. Nir, Phys. Rev. D 75, 036008 (2007)
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Why study CP violation in charm?
some mixing observables sensitive to CP

2ycr = (lq¢/p| + |p/4ql) ycosé — (|g/p| — |p/q]) zsin
2Ar = (lg/p| —|p/ql) ycos ¢ — (|g/p| + |p/q|) zsin g

with arg(g/p) = ¢

In the absence of CP : |g/p| =1, ¢ =0,
Yyep =y, Ar =0

otherwise manifestation of QP !!
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Why study CP violation in charm? CP Violation in

Charm Decays at

. LHCb
* DlreCt C/P Carla Gébel
» in the SM, appears in single-Cabibbo suppressed
channels: 1. Introduction
v, uo o+
us K
_.f\'< 3
C
o' 5 Vs s
— ;K
both have Zm(A) « \® in the SM s i W
. _a _3 3.2. Getting
asymmetries O(107* — 10°) production

asymmetry

NP can enhance to O(10 % — 10~?)

» searches through time integrated measurements (both

for neutral and charged D’s) 4.1. yop and Ap

4.2. WS Mixing
analysis

In summary:

charm represents a unique sector for searches of
CP (both direct and through mixing)
clear windows for NP due to the low SM predictions




2. The LHCDb Experiment and Charm
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The LHCb Experiment e Do 2
LHCb

Carla Gébel

LHCb design

1. Introduction

2. The LHCb
Experiment and
Charm

» a forward spectrometer: s
good acceptance for bbd
2< n <5 sl “‘“w o M 3. Time Integrated

agned RICH2
) (@)>)

3.1. Getting
Acp(KK) — Acp(7m)
3.2. Getting
production
asymmetry

25, 1ol

» excellent vertexing and
proper time resolution
o,; = 50fs (compared to
Tp ~ 410fs, 75 ~ 1500fs)

4. Time Dependent
Studies for

D h™h

Al 4 |

4.1. yop and Ap
4.2. WS Mixing

» very good tracking and momentum resolution analysis
Up/p ~ 015 — 035% ;Olljr/ozsoplc:;cts for

» excellent particle ID (specially K /7 Conclusions
discrimination)

kaon ID eff ~ 95%, misid ~ 7%
» excellent features for charm physics too!!!




Charm Production & Trigger in LHCb

» Two types of charm production:
e prompt - created at the PV
e secondary - from B decay (B ~ 50%)
» o(ce) ~ 20 x o(bb) — much more prompt charm!

» Trigger

[LHC rate ~ 10 M[-lz] [cc fraction ~ 10%]

v

LO Er trigger ~ 1 MHz ] [cc fraction ~ 50%}

(After the hardware trigger have ~ 500 kHz of cc events
No possibility of an inclusive charm trigger!

Use exclusive triggers tuned for the needs of specific
analyses to deliver high signal efficiency and purity

[I-ligh Pr,IP track ~ 50 kHz (50% eff.) J

v

[Exclusive D->hh/3h/4h ~ 1 kHz (50-90% eff.) J
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2010 — 2011 Data Taking SRl

Carla Gébel

1. Introduction

2010 data taking: 37 pb—! 2011: ~390 pb~! collected so far

2. The LHCb
Experiment and

[CHCb Integrated Lumi over Fill Number at 3.5 TeV | [2011:02.16 16:25:28) | | iCb Integrated Lumi over Fill Number at3.5TeV | [2011:06:30 06:03:48 | Charm
§ ef [+ ouhedtmian 2 wf —emiiereem | | 3. Time Integrated
Z Wb *+__ Recorded Lumi: 37.66 I /1 £ F +  Recorded Lumi: 388.87 /pb P
§ ¥ z
i;’ E .l g = 3.1. Getting
£ }- EF . Acp(KK) — Agp(mm)
3 [ 3 o " .
i # et ot 3.2. Getting

E / s ;;:' production
E E ,’:' - J asymmetry

E & E 4. Time Dependent

E ’J E Studies for

E o : D — b7}

AT s o i T T Taso Toso 70 i Toor e a0 4.1. ygp and Ap
LHC Fill Number LHC Fill Number o

4.2. WS Mixing
analysis
» currently running at 3 x 10%2cm 2571

> ~ 1 fb~! expected by the end of 2011

5. Prospects for
2011/2012

Conclusions

... results shown here correspond to 2010 data




3. Time Integrated GP
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D — h™h™ - Time Integrated CP Vielstion in

Charm Decays at
LHCb

» D — hth~ can manifest time-integrated asymmetries Carla Gébel
both from e indirect CP (final-state independent)
e direct CP (final-state dependent)

Look for CP asymmetries in D — K~ K and
D — 7r_7r+ 3. Time Integrated
D — K77 as control channel

3.1. Getting
. - Aop(KK) — Agp(mm)

. (D% f)—I(D°— 3.2. Getting

» CP asymmetry is defined by Ace = S5 5152 poguchion

» what we measure, instead, is
N(D—f)—N(D°—f)

ARAW = N(DISATN(BOT) . »
ycp and Ap

» Ar.y can have contributions from 4.2. WS Mixing

analysis

» production
» detection (particle interaction and/or
reconstruction)

» and ... CP

» study tagged and untagged modes
tagged (*) : D** — DO(hTh™)n} and D*~ — DO(hth~)n;




D — h™h™ - Time Integrated CP Vielstion in

Charm Decays at

LHCb
» thus, Azuw is expanded as Carla Gébel
0
Araw () = [Acp(f)|+HADp(f)|+ + (Ap ()
+
ARAW(f)* = ACP f AD f [AD Wsj + (AP D* ))
physics CP asymmetry Production asymmetry 3. Time Integrated
Detection asymmetry of D° P

3.1. Getting

Detection asymmetry of soft pion Acp(KK) — Acp(wm)
3.2. Getting
production

» construct observables for which unknown asymmetries aeymmetsy
cancel

» without external inputs:

4.1. yop and Ap
4.2. WS Mixing

Acp(KK) — Acp(nmt) = Araw (KK)* — Araw (mm)* sl
> indirect QP expected to cancel (since it is final-state
independent)

> expect non-zero result if there is direct GP
» complementary NP search to Ar

» also possible to get info on production asymmetry
(discussed later)




Getting Acp(KK) — Acp(mm) S

Carla Gébel

tagged Kt K~ tagged
$ %000 %
& J800E LHCD G 600F- LHCb
s Preliminary 10 Preliminary
® 1600E 'S 500F ..
& 1400EV5=7TeV Data 2 \s=7TeV Data
~ 1200 3 400 3.1. Getting
£ 100 £ 300 Ap(KK) — Agp(mm)
[ 2 X 3.2. Getting
& 600F-x*/nDoF:0.98 @ 200 2/0noF: 1.02 production
400 100 asymmetry
200
0™"2.006 2.008 201 2012 2.014 2.016 2.018 0™ 2006 2.008 2,01 2.012 2.014.2.016 2.018
m(KKn)-m(KK)+m(D )PDG (GeV) m(zezer)-m () +m(D' )PDG (GeV)
E H ‘ gl | IH L 4.1 , and Ap
0 i | I fl‘l“'ll“l“"]ml“r'f‘ F vl" ]‘ 1 L 1“ LN J 4.2. WS Mixing
analysis
3 2.006 2.008 2.01 2.012 2.014 2.016 2.018 -3 2.006 2.008 2.01 2.012 2.014 2.016 2.018 :

yield=1.16 x 10° for 37 pb~* yield=0.36 x 10° for 37 pb~*

» study also in bins of (pr,7n) and magnet polarities




Getting Acp(KK) — Acp(nm) SR

LHCb

LHCb-CONF-2011-023 Carla Gébel

1. Introduction

— Results:

2. The LHCb
Experiment and

» systematic studies: Charm
D° mass window (0.20%), multiple candidates (0.13%), 3. Time Integrated
ap

modeling lineshapes (0.06%), binning in (pr,n) (0.01%),

3.1. Getting
Acp(KK) — Acp(mm)

» systematics dominated by conservative estimates due to 3.2. Getting
.. L. . production
large statistical uncertainties; expects to decrease with asymmetry
statistics 4. Time Dependent

Studies for
D h=™hT

<9
e\'}@%\ACP(KK) — Acp(mm) = (—0.28 £ 0.705¢: £ 0.253yst)%‘ slover ;ﬁilﬁg
y$

analysis

5. Prospects for

Comparisons: 2011/2012
Belle -0.86+0.605t2c+0.07 sysc Phys.Lett.B670 (2008) 190
BaBar" +0.242+0.6250a Phys Revett.100 (2008) 061803
EDE: -0.46+0.33,:¢ CDF note 10296 (preliminary)

“naive difference from individual measurements of Acp(KK) and Acp(TTTT) ignoring systematics;
all input measurements are dominated by statistical uncertainty




Getting Acp(KK) — Acp(m)

PRELIMINARY

OII\IlIIIIlI
W

kindly provided by M. Gersabeck

CP Violation in
Charm Decays at
LHCb

Carla Gébel

3.1. Getting
Acp(KK) — Agp(wm)
3.2. Getting
production
asymmetry

4.1. yop and Ap
4.2. WS Mixing
analysis




Getting production asymmetry CP Violation in

Charm Decays at
LHCb

LHCb-CONF-2011-023 Carla Gébel

> also possible to get info on production asymmetry
Araw ( f) Acp( )+ Ap(f + (4p(D")
Araw (f ACP AD [AD .e)] + (AP(D*+)]

physics CP asymmetry

Production asymmetry
Detection asymmetry of D°

Detection asymmetry of soft pion 3.1. Getting
Acp(KK) — Agp(wm)

Ap(D%) + Ace (K K™) = e
Apaw (K~=7mt) — Apaw (K~ nT)* + Agaw (K~ KT)*

asymmetry
> use measugred (external) Acp(KK) to obtain Ap(D°)

o

4.1. yop and Ap

Q@\\ Ap(D°) = (—1.08 + 0.32u4a¢ + 0.12,0¢) %] 42, WE Mixing

4 = 4
2 TE S
& a5 LHCb Preliminary £ 3 LHCb Preliminary
) E\=7TeV Data %2?\/3=7Tevﬂa(a
< = 1=

o oF +

AN 4

2F 25 +

3F 3E

4E o

5 5E

B | | . L L L I | I | | | L |
° 2 25 3 35 4 45 "2 4 6 8 10 12 14 16




4. Time Dependent Studies for D — h~h™
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Time Dependent O/P from D — hh CP Violation in

Charm Decays at
LHCb

« recall the quantities yop and Ar Carla Gobel

yop = PE—kt) . r(xTat) 1
= Pt T(K-KT) both measurements
made through
_ (DK~ Kt)—r(D° =K~ KT) i fats ;
Ar = SR KT T (DO K=K lifetime ratios
! 3.1. Getting
e Acp(KK) — Ac
0.732 = 2.890 = 1.030 % grzo'd Scettigs =
asymmetry
FOCUS 2000 P*"* 34201390+ 0.740 % Belle 2007 «{“—{ 0.010 = 0.300 = 0.150 %

0500 = 1.000 = 0.800 % 4.1. yop and Ap
0260 0.360 = 0.080 % -2 WS Mixing
analysis

Belle 2002
Belle 2007 1.310 = 0.320 + 0.250 %
Belle 2009 0.110 = 0.610 + 0.520 %

1.160 = 0.220 = 0.180 %

World average 0.123 + 0.248 %
110720217 %

donlonloololnobodnoloul o) A I T T )
4321012345 02 0 02 04 06

World average

CLEO 2002 }—;—.—Q—{ -1.200 = 2.500 = 1.400 %

Yep (%) Ap (%)




Time Dependent QP from D — hh
... Some analysis details ...
» use decay chain D** — D°(hth~)m™" to tag the
flavour of DO (and correspondingly for D°)
» for the Lifetime fit: mainly two concerns

» charm can be produced promptly or from B decay
Fs

important to discriminate these two sources for
production and time-dependent measurements
use the IP x2 of the D

» lifetime distribution biased due to trigger &
offline selection acceptances
use an algorithm to obtain the per-event
acceptance move the PV, rerun the trigger
(possible due to software trigger)
“swimming method”
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Time Dependent QP from D — hh

KK and mm measurements for Ar and ycp
underway and still “blind”

= here the results for control channel D°® — K —#t

2200 p r T 2200} p T T
Z2000 LHCb Z2000f LHCb
<1800} Preliminary 1800f Preliminary
=1600) 51600)
§14m low 5‘14«7
21200 mis-tag KRN
£ 1000} ‘£1000f
g 800 rate g po
600) 25 pb-! (subsample 600l 25 pb-! (subsample
400) of same size as 00 of same size as
200) tagged KK sample) 200) tagged KK sample)
s s
140 145 150 155 160 140 145 150 155 160
Am [MeV] Am [MeV]
@ T T T @ T T T T
21200 L1200 E
E Preliminary E] LHCb
wi1000 w1000 Preliminary -
800F 8001 B
low
3 DfromB a3 3
200 contamination %= 4
200 200F B
10 5 [] -10 5 ]

; 10
InGE(IP )

5 10
InG(P))

validation of the procedure:
no CP expected in K7

AFT =0
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Time Dependent QP from D — hh

$roog T T T g 87000 T T T T
Z5000 LHCb 2 LHCb 3
i Preliminary w000 Preliminary

4092 £ 24 fs

407.6 24 fs ]
B

4 2000 3
4 1000 3
r ol 5 13l
1 2 3 4 5 v 1 2 3 4
Proper Time [ps] Proper Time [ps]

#(D%)ppg = 410.1 £ 1.5 ps

weﬁ eﬁ‘(DO) _Tgﬁ(DO) _ —
@\ﬁ F (D% 1 (D0) (—2+4) x 1073
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CP Violation in

WS mixing analysis Charen Devaye at

LHCb

Carla Gébel

0 WS decays
D §\Mixing » D% - K*7~ - wrong-sing (WS) decay -
I P can occur through DCS decay or mixing

2 /CF » assuming no CP (cos¢ = 1, |¢/»| = 1) the
® time evolution for WS is

DCS

9.9,

K*tn~
3.1. Getting
2 2 Aop(KK) — Agp(nm)
Tt / T +y 2 3.2. Gett
WS(t) e Rp++/RpyTt+ ———(Tt) production
4 asymmetry
DCs interference Mixing
where 2z’ = zcosé+ ysind z'2 4 y'2 = 22 + 92, . o
. Yo, an A
y' = —zsind + ycosé § — strong phase between RS and WS 42, WE Mixing

analysis

=> due to the limited 2010 statistics, we measure the
time-integrated ratio
_ f0°° WwS(t)

_ / $I2+yl2
— foooRS(t) —RD+\/RDy + o




WS mixing analysis CP Violation in

Charm Decays at
LHCb

Carla Gébel

2_ tagged D° - K n*
Sk LHCb Preliminary
% \S=7TeV
> N(RS) = 214,523 + 494 v
> N(WS)=948+70 il X
_ _ ; ) J Ldt=(36.4:36)pb|
» Rmes = (0.442 +0.033)% i 5 = 5 760 3.1, Getting
AmMev] Aop(KK) — Agp(mm)
: : wS(t F
> corrections: since RS((t)) - _ 3.2. Getting
increases with time the §70 [Lat-easagpst 1090 KK =
“600F LHCb Preliminary
acceptance function requires -3 \8=7TeV
a correction of the measured ™ 200
ratio 300 . 4.1. yop and Ap
4.2. WS Mixing
» final result: 3 analysis
’ IDD—
BT 5 755 760
Am [MeV]

.{9\§W§/RS of D° — Kr decays (%)
Reorrs® | 0.409 = 0.031444¢ £ 0.030yst
R (PDG) 0.380 =+ 0.018




5. Prospects for 2011/2012
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Direct CP Violation in D™ - K- K*nt O Vielsio

Charm Decays at
LHCb

Carla Gébel
= Search for CP signs by a direct comparison of
D and D~ Dalitz plots

» Use Mirandizing method to search

for QP PRD 80 096006 2009 oo
( ) 85Wm_LHCb Preliminary D' — Kn'*n* 3.1. Getting
N o N . s \'s =7 TeV Data Acp(KK) — Agp(wm)
Sop(i) = Nobs (1) — alNops(2) gmon 3.2. Getting
- - - H production
\V4 Nobs (7) + O‘2Nobs(1) 30000| asymmetry

» not sensitive to global asymmetries 1w

» need careful control of non- gP .
sources of local asymmetries analysis
‘S LHCb Preliminary 3, Prems &w
> control channels D — K- wtxt  s-7revoms ol
and Ds — K_K+7r+ ?{12000—
@10000F-
» 2010 data sample: sof-
6000~
» 390K D* — K~ K*trt
» 550K Df — K~ Ktrt E

1800 1820 1840 1860 1880 900 1520 1540 1960 1980 2000 2020 2040

> 4M D+ N K77T+7r+ KK'z* Mass (MeV/c")




Direct CP Violation in Dt — K- K™n™*

Analysis in progress

>

2010 data set is ~ 20x Cleo’s

(PRD D 78, 072003(2008))

several studies to shown the
absence of local asymmetries
e sidebands

e control channels

toy studies on binning choice to
improve sensitity (given our
statistics)

blind analysis until all controlled

with 1fb~! expects a few millions
KK events!

My, (GeV2rc)

My y. (GeVeicY)

1.5]

Dt - K—ntnt

LHCb
Preliminary

s=7TeV Data 2010
L~ 37py

EE I R NI X ]
my... (GeViic?)

Dt - K~ Ktn+

LHCb

Breliminary

S =7ToV Data 2010
L a7pbt

6.4 06 0 E EREEX
-

TE2
(GeV?rc®)
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CP violation in D°® — Kshth~ CP Violation in

Charm Decays at
LHCb

. . Carla Gobel
= Very rich environment

» CP eigenstates as intermediate

states D*t — DO Kgrtn~)nt
» rich Dalitz plot structure izonn— ratminary
M 5 Yield 15391+ 195
» both Cabibbo-favored and DCS &t 10
S . Getting
final states £ E 3 Agp(KK) — Agp(nr)
.. .. & Sdeiane
» promising D° CP and mixing soof- 1
studies . .
. . . 0 5 10 15
e time dependent amplitude analysis m(D° ) - m(D% - m(r) (MeV/c?)
e direct access to QP and mixing D*t = DYKsKTK )mt a1 yop and ap
& 6o T T 4.2. WS Mixing
parameters (strong phases 2’ wk Lt ey ]
measured!) B sk oo swsos 5. Prospects for
S 2011/2012
> current results from BaBar and g E
Belle with ~ 540K for Kgmm i 20p . 3
100 .
» explicit trigger implemented for . ,

[ 5 10 15
2011 m(D° ) - m(DY) - m(r*) (MeV/c?)




DO — h+h+h_h_ CP Violation in

Charm Decays at

LHCb
» one of the largest CP effect was observed through Carla Gébel
T-odd observable
angle between planes 7t7~ and ete™ in K; — ntn ete™
» similar mechanism can be at work in
D KtK—ntn™
» look for asymmetry in the distribution of the angle
between K+ K~ and 7T 7~ planes S F I ()
. N N 3.2. Gettin
FOCUS (2005) pioneered this study; BaBar with 47K pmducntong
asymmetry
events measured AS" = (0.10  0.51 & 0.44)%
» LHCb competitive by the end of 2011
n FT T = Frr ‘s T T i j 1 :/i;g ‘T:il:g
"0 6000 LHCb 0= sazs=00s vt ] 0 [ LHCb Amp= 145.431+ 0,003 Mevic® | lvsis
3 E Preliminary womrooimeve ] 2000F Preliminary Amoy= ooTEoosemAE ] v
; 50005—755,*;‘::_“ b N,,= 85185+ 422 _g §10009;—7:m=(17..4¢:.71 [ N, = 95185+ 422 —; ;-O]ir/o;gle;ts for
g“m";— 3 gaooo;— 3
?:‘ sooo;— —; % 5000;_ _;
8 20005 - $ 000 .
E 1000:— . —f 20005— ey —:
EL L N E : ]
1800 1850 1900 140 145 150 155 190
M (MeVIC?) Mg, M (MeVIC?)




D(ﬂ;) — Kgh*

» CF and DCS decays:
Dt = K57T+,
D& — KgK+

» CS decays:
Dt - KsK™,
Ds — .K'Sﬂ'Jr

» CP through
K% — K9 in the SM:
expect asymmetries
~0.3%

> values of O(1%)
would sign for NP

» no evidence so far of

CP (Belle)
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Conclusions

» LHCb has a broad program on charm physics

» mainly focused on mixing and CPV

but also spectroscopy and rare decays (not covered here)

First (preliminary) results presented here :

ACP(KK) — Acp(ﬂ'ﬂ') = (—0.28 + 0.703mt + 0~253yst)%
Reorr(WS/RS) = (0.409 = 0.031,4: & 0.0395yst) %

dedicated triggers for many modes aiming to

search for CP: D° — h*h~, D' — 3h,

D® — 4h, D° — Kgshh, DT — Kgh, etc

plenty of charm foreseen for 2011
for instance ~ 200K D° — K~ 7 per pb~" being recorded !

great potential to search for New Physics in an
environment with low SM CP “background”
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