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Why we search for CPV In —

charm

» Charm CPV is an ideal place to find NP, of course if
it couples to the up sector

 SM predicts rather small CPV value for charm (only
two generations)—> any evidence of CPV should
be due to New Physics

e experience has shown that this is not always the
case and the issue Is rather involved, at least as
far as direct CPV is concerned (a few 0.1% could
be accommodated in the SM)
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Types of CPV —
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CP eigenstates have both, flavor specific final states only the direct one
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EXperiments in the game

* |nthe past:
 Babar, Belle, CDF—>legacy; precision to sub-% level
* |n the present:

 |HCb—->precise results, high statistics; precision
aiming to sub-0.1% level

 |n the future:

| HCb-Upgrade, Belle2, possibly BESIII—>precision to
0.01% level
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Hadron and lepton colliders

* They are obviously very different machines in terms
of experimental environment

But for fully charged track final states eventually
performance in terms of 5/N not so different when a

dedicated detector is used (with forward boost and
PID as in LHCDb)
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Belle event display _
BELLE | In this talk Belle as example

of ete-.
but Babar contribution also
very important!!!
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Decay time resolution: o ~ Tp
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The LHCb detector
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Calorimeters Tracking System

Pseudo-rapidity coverage - 1.9-4.9
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| HCb:two sources of Charmﬂ“

* Two sources of charm: prompt and from semi-leptonic b
decays

« Both can be used for tagged D° CPV and mixing
analyses:

— tag with soft 11 from D** for the prompt
— tag with p charge in SL
* Prompt charm at 7 TeV (at 8 TeV is 15% more):
— g(cc) = omb, o(bb) = 0.3mb, o(pp inelastic)=60mb
— = huge o(cc) cross section

» background from secondary charm from b already
low from the start of the selection

. ?89) very favorable ratio to inelastic o (only a factor of
. Secon.dary charm at 7 TeV:
— high trigger efficiency (muon trigger)

— BR(b>DuX)=7%
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Direct CPV(i) sy

In e+e- we search for direct CPV in all modes, CA, SCS, DCS, without
prejudice

Complication in pp collider: we have production asymmetries, which are non-
perturbative and therefore non calculable

In LHCb we concentrate on SCS decays: the reason is that CPV is expected
to come from the interference between the tree and the AC=1 penguin (e.qg.
chromo-magnetic dipole) diagram and this can only happen in the SCS
decays (Gr
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either we compare binned Dalitz distributions (>2 body decays!!) or build
AAcp's (for all 2 body decays) to get rid of production/detection asymmetries

— either 2 SCS decays (hoping the asymmetry does not exactly cancels)
— or 1 SCS and one CF, assuming this latter does not have CPV
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Direct CPV(ii) b

DCS modes also potentially interesting (Bigi)

T-odd distributions is another possibility

In general direct CPV is a quite a controversial subject in
terms of NP reach: after some experimental excitement
following some measurements of D'—>KK and D°—>1r1T in
CDF and LHCb in 2011, theorists realized that effects of few 10-3

in the SM are possible and in practice cannot be distinguished
from NP

Effects at 10-2 level would instead still be a clear sign of NP

We should check many channels at 10-3 level, both CP
eigenstates and non CP eigenstates
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Channels for DCPV

e some (partial list) of SCS channels recently studied with reasonably high statistics:

« D—>K'K~ (LHCb, CDF Belle.. )

« D—>7'1 (LHCb, CDF, Belle...)

e D—>7i e (Belle)

+

« D'—>¢m (LHCDb)

D' >K K" Ds"—>K s (LHCb, Belle)

+

D'—>K'Kn',mmm (LHCb...)

e D—srrm KK (LHCbD...)

« B factories and Tevatron experiments also checked CF channels

—> everything 0 within the errors

Walter M. Bonivento - CERN/INFN Cagliari 19 50 years of CPV - QMU London 10-11/7/2014



ch
DO > K+K- and DO—>yr+7- ke

Here we build AA-p(KK/1T1T) to enhance a possibile NP effect which would have
opposite sign wit KK and trtr. For LHCD it also gets rid of the production asymmetry

D 2 o
> = rou > ~ rout
- - Signal < .- Signal
< ) Comb. bkg. ~— B Comb. bkg.
$ P Wmy'-»K= _
% K arXiv:1405.2797 (2014).
1850 1900 1800 1850 1900
M(KK*) [McV/c) M(x %) [MeV/c?]
2.14x10°D° - K K 7.67x10°D° - w7t
Adcp = (1 — 20) [Araw (KK) — Araw (707)]
Systematic uncertainties (%) Acp (KK) _ (1 o 2w) [Araw (KK) — Araw (K?T)] +
source of uncertainties AAcp Acp(KK)
Production asymmetry 0.03 0.03 (1 —2R)Ap(K)
Detection asymmetry 0.02 0.06
Background from real D°  0.03 0.03
Background from fake D°  0.07 0.0 AAcp — w = (0.988 £ 0.006)%,
Total 008 010 Acp(KK) — w = (0.791 + 0.006)%.

Acp(KK) = (=020 £ 0.19 + 0.10)%,  Acp(r) = (—0.06 £ 0.15 + 0.10)%,
AAcp = (+0.14 + 0.16 + 0.08)%.
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DO > K+K- and DO—>yr+7- ke

68% CL contours New world average
. (neglecting indirect CPV).
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—>bottom line : no CPV at the level that can be distinguished from the SM

Going to higher precision (0.1% or better) is important since Acp(D*—>K*K-) is
needed to extract the indirect CPV parameters from the Ar measurements

NB: measurement very difficult! systematics to be kept under control at <0.1%!
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DO—>770770
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D+

this decay shares the same N :

diagrams as D9>KK exchanging |

the spectator quark  g<->s and “

therefore the same CPV ' www WWMM

One big advantage w.r.t. the B
factories: CPV due to K% is

negligible in LHCb due to the
boost

n(K.X) \1 eV
Dt K%kt Dt Kkt DF KKt Dt —K)mt D —om
S S
AC[J ~ [Amcas - A'nca.s ] — [-A'ncas - -An 1eas } AAU

DF —Kgnt DF—K{nt DF —s¢n™t
ACP ~ A'ﬂCdS — vAmeas - AK().

arxXiv:1406.2624 (2014).
AKO dominated by o(KON) # o(KUN). (2019)

+ e+

Ap, % = (40.03 £0.17 £ 0.14)%
-+ (),K*:-

Ay, 7T = (40.38 £ 0.46 £ 0.17)%
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Maybe CPV in the Dalitz plot?
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Method extended to D9—>2m2m and D0—>K+K-r*r with 1fb-1

—>again no sign of CPV
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MIXINng

P e I e Charm mixing now established
gy, N with high significance: mixing
o parameters small !l (<%)

0.2} —>

need high statistics to study it

o . and to study the mixing induced

-l .,
-06-04-02 0 02 04 06 08 1 1.2

x (%) CPV effects!
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Observables related to
~Indirect CPV

1) Ar = (Fetr-Tett)/ (Tt Tesr) =
Nce [(Aw+ADp)/2 y cos®d - x sin®]=-acp"%-acp™ y cosd

= Need input on mixing parameters to gain sensitivity on
lg/pl and ©

2) WS/RS D°—>Krtvs. time

= Measure x°+y< and y’ —>Good access to Ig/pl for small
O

3) time dependent Dalitz plot analysis for D°—>K gt
decays

= Measures directly x,y, g/p and ®
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LHCb Ar

10°

PRL 112, 041801 (2014).

® Dan 3
LHCb — Fh 3
Signal
Secondary
Prompt md. x,
— = Sec.rnd. X,
D"+K x'x
D!+K'Kx
= Comb. bkg

1]
* Dun

Entries / (0.02 MeV/c))
Entries /(0.02 ps)

S.

3 o
o s Am [MeV/c) - — —
5
e fit in two stages = :MWWM
) ) tlps?
* per-candidate acceptance function for trigger 3.11 x 106 DO — K-K+ and
. 6 Oe —r+
e one track with pT>1.6GeV and x2,p>16; 1.03 x 10° DY — =
' : : — _ p—At/TH
e cross check with binned analysis R(t) ~ N po |+ 24r \ 1-e /750
Npo Tkk ) 1—e At/Tpo

e each bin 40k candidates Tk = Trx/(1+ycp)
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HFAG Ar

CHARM 2013
Belle 2012 % | e | I -0.030 + 0.200 = 0.080 %
BaBar 2012 0.088 + 0.255 + 0.058 %
LHCb 2013 KK t—H -0.035 + 0.062 + 0.012 %
LHCb 2013 . { 0.033 = 0.106 = 0.014 %

World average H -0.014 + 0.052 %

l_lllllllllllllllll]lllllllllllu

02 01 -0 01 02 03
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WS/RS DO—>Km

No
D*+ — DO 1+ /mi;:D C?‘ wrong-sign events (\WS)
—_, D°

KT
\__DCS_~
D*+ — DO 11+ < right-sign events (RS)
~—0 DV als :
N~ CF _~ Study the time-dependence of
the WS/RS ratio
e, (@),
R (/)—/l“+ l)“!/ 4 | (A
(22 + (/)2 (t in units of 1)
R™(t) = /t’b +4/ /10 Yyt + . : / t2.
T, =2xpcosd +ypsind.
1+ A e = — ]
x = (l - l"’) (2 cos & £ v sin @) Yp = Yp C080 — ZpSin g
] “"’ o cosd~1.02+0.11+0.06(sys)+0.01 (ext)
yE = (1 = "“’) (v cos ¢ = 2’ sin &) BESIIIPhys. Lett. B 734(2014) 227
T {AM
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WS/RS DO—>Kn
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3 4 §
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o = E :
E S — CPV allowed
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2.005 2.01 2.015 2.02 A .~ No CPV -
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o
n
‘i: — Fit Y
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E 0 2 4 6 20
9; 1t
2
3 5 g 0
g about 10° signal WS DV decays

and approximately 230 times more RS decays.

2.005 2.01 2.015 2.02
M (D"n}) [GeV/e?
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WS/RS DO—>KTm

R}, (1073) 3.545 = 0.082 = 0.048
Yy (1079) 51+1.2+0.7 " _ f "
PRL 111 (2013) 251801 ™ (10°?) 4.9 £ 6.0 * 3.6 win r
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Mixing and CPV from

DO—> K%

- (d)

[]signal
Random =
Combinatorial

Events/ 54MeV/c"’
o

a
Events/ 0.125MeV

IIIIIII
..............

M (GeV/c?)

\ Mixing parameters x, y can be directly accessed in a
—————————— time-dependent Dalitz plot analysis of DO = KsOn+m—.

27,4
PRD 89 091135592\81/: ) 3 types of contributions: Kx—mt+ (CF); K=+m— (DCS);
| R ) KsOpU ("CP eigenstate"), eliminating the dependence

Belle on the relative strong phase between the CF and DCS
decays.
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Mixing and CPV from
D—>KY%rmr (ii)

S | S [ R Gl
E | Eimh A / 8 h\ / A
60000 | [ / ‘! = : { 1
§ I §1ooou ,'I k.\ ! | gmooo \J. {/ ‘
i | I IAVAR /| 2 NS
wzoooo : \ w 5000-:, v ! ' | ] | ¥ {
J 1 \/ | \/ I
m?2 (GeVZc*) m? (GeV%c’) m2, (Gévz/c‘)
Belle - arXiv:1404.2412 0o1s
no CPV i
% 0.56 40.19 T0-97 VN .
x(%) .7.86% Ha‘oos :\; R ggg & gﬁ }CP—conservedﬁt
(%) 0.30 £0.15 708 0} R 950 % CL CPV —allowed fit
CPV allowed oo
(%) 0.56 io.l9f§;gj
y(%) 0.30 10,151_0‘ 03 V001 0005 0 0005 001 0015
apl  osoibis et S
arg(q/p)(°) 6+ 1143 +2 IXINg Signitficance at £.00.

No indication of mixing-induced CPV
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Indirect CPV parameters

lg/p| = 0.9310:0
o(°) = 87155

Arg(g/p) [deg.]

CP conservation: lg/pl=1 and ®=0
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Indirect CPV iy

parameters:upgrade

_e_ 1;'!YTY1 L L e e e e
LHCb upgrade study, LHC run 4
0.5 i
O_ —]
0.5} :
-1; Y PR PRI ITTT FRETE FRTEY PR PETe P ——
0506 07 08 09 1 1.1 12 1314 15
courtesy M.Gersabeck l9/pl

but how large is the SM blob?
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Interplay of ainder With AAcp

* Acp Of each final state may be written at first order as

d<t>
T

ACP ~ ad” -+ a

0
where (t) is the average decay time (experiment dependent) and t is the D lifetime

e Jo good approximation the indirect asymmetry is universal, i.e. independent of the final
state.

A <t>
T

AAC’P ~ Aadzr 4+ aznd

—>Interpretation of AA-p depends on the experiment
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| HCDb lifetime acceptance

* Lifetime acceptance differs between D°—=KK* and
D=t

* ©.g. smaller opening angle —> short-lived D= KK*
more likely to fail cut requiring daughters not to point
to PV than D°—=mmrt

e Eventually for LHCb:

At)/T = [9.83 + 0.22(stat.) + 0.19(syst)]%
* indirect CP violation contribution to AAcp mostly cancels
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HFAG correlation plot

55 002

m May 2014
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dir _ . .
Aa,~ =(-0.253 +0.104 )% violation at 5.1% CL
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Bottom line

e Direct CPV studied with many channels

e only Aacp®"(KK/mm) 2.56 from O but at a level such that it can
be accommodated in the S.M.

e the hunt will go on but it is important to understand from the
theory side the SM contribution (few 0.1% may be explained
by the SM) if we want to interpret it in terms of NP

* Indirect CPV—> no sign of it and exploration will also continue

* here SM contribution on Acp may be much smaller (<0.01%)

so there is room for significant measurements in the
Upgraded LHCb and Belle2?
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