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Why study charm physics?

e |f new physics (NP) exists it should violate CP symmetry
o

e Up-type quark: unique probe of NP
In the flavor sector, complementary to
studies in K and B systems

e Small CP asymmetries expected (0.1%+1%)
« CKM/GIM suppression

- Large uncertainties due to low-energy strong interaction effects
[Phys.Lett. B222 (1989) 501-506]

e CP violation (CPV) in charm decays has not yet been observed

e \Why at LHCDb"? Huge ccC production cross-section:

o(pp 2 cC X )r-1arev = 2.4 mb
[JHEP 03 (2016) 159]
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http://inspirehep.net/record/277142
http://inspirehep.net/record/1396331?ln=it

Mixing of neutral D mesons

® Mass eigenstates are not the flavor eigenstates:

|D1,2> — P {DO> T ( ‘DO>

Intensity

my — mp
X = r
® This causes D « D transitions described by T
1 — 12

0

[ {P°(0)|P°(t)) |? ox e "*[cosh(ylt) + cos(xIt)]

| (P°(0)|P°(¢)) |? o e "[cosh(yTt) — cos(xTt)] Tiny mixing in charm!
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Measurement of
the charm-mixing parameter ycp

e Compare decay widths of DO
decaying to CP-eigenstates (I'CP)

E791 1999 | . ’I 0.732 x 2.890 = 1.030 %

and to CP-mixed states (I): s 1202 0780%

FC P CLEO 2002 |H - g -1.200 + 2.500  1.400 %

yCP — 1 — AFT Belle 2009 H_._H 0.110 = 0.610 + 0.520 %
F LHCb 2012 H 0.550 + 0.630 + 0.410 %

AF = FCP — F Belle 2012 o 1.110 = 0.220 + 0.110 %
0.720 + 0.180 = 0.124 %

® USG K+K- aﬂd 'I'[""I'[' (CP-GVGH) BESIII 2015 H_’_H -2.000 = 1.300 = 0.700 %
and K-rt+ (CP-mixed) states

World average H 0.835 = 0.155 %

® ycp differs from O because of mixing fer ()

® if CP symmetry is violated ycp differs from vy
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[Phys. Rev. Lett. 122 (2019) 011802]
Strategy and results

_oof +  LHeb -

. . < b 7

e Use DO from semi-leptonic ¢ 0-19%%~ﬁ | =

nd i + ? =

B decays (Run-1 data) 0A8(= T

- Data -

go.om—H, | 1 — Fit _

| = [ 'T++++ + | .

® Determine the K+K-, Tt+1t- ooes- + o T -

and K+1t- signal yields in B B ey time o
bins of DY decay time ® Results are consistent between

modes, and combined give:
ycp = (0.57 £ 0.13 (stat) £ 0.09 (syst)) %,

® it the acceptance-

corrected ratio of e Consistent and, as precise as,
K+K-/K+1t- and 1t+t/K+mt- the world average
to measure ycp e Consistent with world average

value of y = (0.62 = 0.07) %
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http://inspirehep.net/record/1698962/?ln=it

Direct CP violation l —(I l —-(I

e Corresponds to A f L Af

— — 0
Acp AR+ Af 7

® Most promising channels are Cabibbo-suppressed (CS)
decays because CPV may arise from the interference
between the tree and the penguin amplitude
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Experimentally...

® Raw asymmetry between the observed yields:

_ N(D=/)=N(D=])
AD = 1) = N~ peND—n

e Contributions other than Ace:

oL _ f
Ap(D) = g) Uggi Ap(f) = e(f)+e(f
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CP asymmetries in the CS
Dst—Ksmtt, D+— KsK+ and D+—>cprt+ decays

Easy-to-reconstruct and
high-statistics channels! o K™

® Best measurements to date are from LHCb Run-1:
[JHEP 06 (2013) 112] and [JHEP 1410 (2014) 025]

Channel Acp (N) Dataset

DF — Klnt  40.38 +0.46 (stat) + 0.17 (syst)

Dt — K2KT +0.0340.17 (stat) +0.14 (syst) 2011-2012 (3.2/1b)
Dt — ¢nt —0.04 4 0.14 (stat) +0.14 (syst) 2011 (1.1/fb)

e Joday, updated results using 3.8/fb of
Run-2 data collected during 2015-2017
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https://arxiv.org/abs/1303.4906
https://arxiv.org/abs/1406.2624

Strategy

e Correct raw asymmetries A using kinematically weighted
samples of Cabibbo-favored D)+ decays (where CPV can

be neglected) Production and detection
asymmetries cancel out !
Acp(DF — Kont) = [A(DF — Kr ) — Ap(K°)] — A(D — ¢r1")
Acp(DT — KeKT) = [A(DT — KOK') — Ap(K")] — [A(DT — Ko7 ") — Ap(K")]
— [A(DT = KgK™) — Ap(K")| + A(D7 — ¢ ")
Acp(DT — ¢nt) = A(DT — ¢n7) = [A(DT — Ken7) — Ap(KY)]

where Ks—rr+r- and Ap(K9) = —Ap(K9) is the detection
asymmetry of neutral kaons, which includes mixing and
CPV effects
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[LHCB-PAPER-2019-002] in preparation
Determination of raw asymmetries

K sr[+ K K+ - GrT+ N
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https://cds.cern.ch/record/2654854/?ln=it

[LHCB-PAPER-2019-002] in preparation
Systematics

Table 1: Summary of the systematic uncertainties (in units of 1072) on the measured quantities.

The total is the sum in quadrature of the different sources.
LHCb preliminary

Source Acp(DF — Kint)  Acp(DY — K{K)  Acgp(DT — o)
Fit model e ().30 e ().44 e ().24
Secondary decays 0.30 0.12 0.03

Kinematic diff.

Neutral kaon asym.
Charged kaon asym.
Total

% L = goosi..l-.-lllllll_—
S 10k LHCbpreliminary _| R §
5 t Bkg-subtracted data - Somb — % LHCD preliminary -
§. —Fit 5 [ . # K'fromD" — ¢p(— K" K?) "

Secondary decays < - ¢ K fromD" —= ¢(—= K" K)xn* 7
& N y decay 0.03F . u )™ 3
o - _
=
S 10°
@ -

0.01F
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' K*) [MeV/
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Results

® CP asymmetries:

LHCDb preliminary

ACP(D: — Kgﬂ+) = ( 1.3 =£1.9 (stat) + 0.5 (SySt)) X :_0_3,
Acp(DT — KJK1) = (—0.09 £ 0.65 (stat) & 0.48 (syst)) x 1077,
Acp(DT — ¢r) = ( 0.05 4 0.42 (stat) £ 0.29 (syst)) x 1072,

e \When averaged with previous LHClb measurements they vyield

.ACP(D: — Kgﬂ'_l_) — ( 1.0 4

- 1.7 (stat) -

Acp(DT — KOK1) = (—0.04 -

- 0.5 (syst)) x 1072,

- 0.61 (Stat) —

Acp(Dt — ¢nt) = ( 0.03 -

- 0.45 (syst)) x 1077,

- 0.40 (stat) -

e No evidence of CPV is found

Serena Maccolini LHCDb results on Mixing and

CP violation in Charm

- 0.29 (syst)) x 1077,
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Summary

® Presented new results in Charm physics at LHCb

® Measurement of mixing parameter ycp as precise as the
World average

® For the first time: a search for direct CP violation in
Det—Ksht and D+— ¢+ decays
In D+— ¢+ measured the most precise Ace
in charm hadrons!

e All results so far are consistent with CP symmetry

® However they are limited by statistics, and a large amount of
data remains to be analyzed

Serena Maccolini LHCDb results on Mixing and CP violation in Charm Lake Louise WI - Feb. 12th, 2019

13




Serena Maccolini LHCDb results on Mixing and CP violation in Charm

s /
7 4 Avﬂ "

e

i
|
3

[t

i

a8 2
¥ ~meei 5o

‘.4 ] v SR

BE g\, o= 2

-

Lake Louise WI - Feb. 12th, 2019




e =3
chish i
P
— = -
e
= S
e
s
i
= e
o o 2 N
S
=
R
i
ok -
e
=] -1
i ol
e
i I
o
. =
e 3
o [}
Tt
e
= ] R
o
¥ -
¥ e
- a2
e N
L o
At

Serena Maccolini

i
b
L
=
it
&
T 7
i Ty
5y
z
p -'L— .':.::. -
b ¥
P
2
-
= ,
T

3 : 1

: & &

3

-
S
= =
% =
. 1 : 3
=
B
=] S
o
o ]
- = -
B g g
e
=

R e
W
s 2
= i
£ i
: :
a
=
o= =
= 7
¥
R
F

A

Lo
1

LHCDb results on Mixing and CP violation in Charm

L a

J
S
= E s
-
&
-
o -
= = - o
=
4
=
1l F ol
o - W
e
R o S
4 e !
] - =~ ¥
ko S
o aF b
e
& e # )
- o =
- 3

A
"-.':

b

o

Lake Louise WI - Feb. 12th, 2019



Mixing and CP violation

D 2 2
e CPV in mixing 5 D 17 =
Occurs if |q/pl| # 1 fl # f
® CPV in interference

between mixing and decay
Occurs if

¢ & arg(qAs/ pAr) # 0

e Charm-mixing parameter ycp

ver =3[y cos g ([5] + [7]) —xsine (5] - [7])]
| q J \_'—l

CPV in mixing CPV in interference
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CP violation in Cabibbo-favored  _

VELO

T stations

downstream track

D +—}Ksh+ deca s upstreamtrack#___,_.————

(S) y VEII_"Otrack \

® Ks reconstructed from two \)
Iong tracks (LL) «szzz - IK% L I<I>
----------------------------------------- . . U
Effect that we |gnore 004 Rs DD =
---------------------------------------- “‘ 0.03 _; j|>
.............................................. "‘ 0.02 —f B
_Effect that we COﬂSIder L 15
........................ e, 18
K T T~ ) Yy
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https://cds.cern.ch/record/1556318
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.181802

