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Charm Physics Programme @LHCDb

e Mixing and CP violation

- First observation of a difference between D° mass eigenstates |
- Time-dependent CPV search in D° —» K*K™, i*rr |
- Time-integrated CPV search in D°— K°.K° [

e Production and spectroscopy
- Lifetime of QOC [LHCb-PAPER-2021-021(Preliminary)]

e Rare decays

- Flavour-changing neutral current (FCNC)
- efc.
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https://arxiv.org/abs/2106.03744
https://arxiv.org/abs/2105.09889
https://arxiv.org/abs/2105.01565

LHCb experiment JINST 3 (2008) S08005
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta

Charm Productions at the LHCb experiment

e Unique o /
Up-type quark decay

DV e
- New physics coupling can be probed e

PV

e Indirect CPV in charm decays

Prompt [TT-tagged]

- Small mixing, sensitive to CPV

- Probe high BSM scales (suppressed in SM)

e Large cross section
- Billions of charm hadron decays to be
studied at LHCDb!

Semileptonic [p-tagged]
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Mixing and CPV

- W+
Mixing parameters ; \

e Flavour mixing is the transition between a neutral flavoured meson and

its antiparticle. The time evolution is described by DY

A -t ) ()

- Eigenstates of this Hamiltonian are

Yy (%)

|D172> — p|D0> + q’EO> with eigenvalues W1 2 = 111 2 — %Fl,g

[ r = (my —mg)/T = Am/T  y= (T, —Ty)/2T = AF/ZF]

e Mixing parameters in charm have yet to be measured with high
precision. [Mixing occurs when x and y z 0]

e Measurements of these parameters are sensitive to probe physics
beyond the Standard Model (SM).

sM: z,y € [107%,107!]
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https://www.worldscientific.com/doi/abs/10.1142/S0217751X06034902

Mixing and CPV

Direct CPV

CPV in mixing

DO

DO

CPV in decay-mixing interference
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D’ — Kirtm™

LHCb measures tiny mass difference
between particles

The result is a milestone in the study of how a particle known as a DO meson changes

from matter into antimatter and back

8 JUNE, 2021 | ByAna Lopes

First non-zero

measurement of x

The LHCb collaboration has measured the tiny mass difference between the D1 and D2 mesons, which are a manifestation of the quantum
superposition of the DO particle and its antiparticle. This mass difference controls the speed of the DO oscillation into its antiparticle and back.

{Image: CERN)
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https://arxiv.org/abs/2106.03744

D’ — Kirtm™ | |

e Self-conjugate decay

- Reconstruction efficiency is equivalent between D° flavours. /k \

- Decay path: Cabibbo-favored (CF),

Doubly-Cabibbo-suppressed (DCS)
o o Mixing
e Mixing and indirect CPV

- Sensitiveto x, y

ﬂz‘ 3 __ I I ' '/I__ — 220 2-\
- Indirect CPV measurement of g/p and ¢, 0; - 7 g =
2 25F . %
e Analysis approaches: Model independent with Binflip method © N 1 71180 8
NSI N 1 160 2
- Measure the time-dependent ratio between positive and negative ’F 5140 =
_ 1 120
Dalitz bins of constant strong phase difference, which gives 15F 484100 ?g
access to mixing parameters B30 &
1- o U
- Suppress biases due to nonuniform event reconstruction i / 40 2
B = 3+
efficiencies. 03¢, CF KT T R (2)0 O
0.5 1 1:3 2 29 3
e Analysis on Run 2 dataset mi-tagged sample m?2 [GeV?/c4]

Surapat Ek-In Charm Physics @LHCb Aug. 25™, 2021


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.012007

Binflip methoc | |
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https://arxiv.org/abs/2003.00091
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.012007

DY — K% T7~ Binflip Results
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https://arxiv.org/abs/2106.03744

DY — KJntn~ Binflip Results
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First observation of a difference between

¢ D° mass eigenstates ( > 70 significance)

However, no significant CPV is observed.
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https://arxiv.org/abs/2106.03744

DY — K% 7~ Binflip Upcoming Results

Semileptonic [p-tagged]
e Model independent Binflip Method
- Cover wider decay time distribution because events are selected with muon
candidate
- Combination with prompt sample
e Model dependent amplitude model

- Perform amplitude fit with parameterized Dalitz and decay time efficiencies
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Time-dependent CPV in DO S hTh™ (h =¢ 77)|

6
e Search for CPV in two-body decay Final state dependent CPV | &~ 90FT————————T———
- Sub gou] B
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https://arxiv.org/abs/2105.09889

Time-dependent CPV in DY 5 hth— (h =¢ 77)|

BaBar 2012 AYgig- =(—2.3+1.54+0.3) x 10~
“ +8.8 £ 25.5 % 5.8 _ -
; : . N F D'—K*K- LHCb
= 0.5 6 b
| CDF 2014 > :
T 120+ 120 g 0 R e % .
{  LHCb 2015 p~ tag (3 fb™) E nzk 3
=+ i 125+ 73 > 0.5 o
' ; . Belle 2016 < 0 2 4 6 ’ /1{3
" ; 1 3.0+ 20.0 + 7.0 D°
sy THED 20 I Eg () AYip = (—4.042.8+0.4) x 10~
| LHCb 2020 4~ tag (5.4 fb™1) R o5k DAt LHCb 1
Y 59.£33405 = b 6" -
I Q E {H i l+ l :
'\ LHCb 2021 D** tag (5.7 fb™1) o O -\-}ifﬁ +r~H?—f— —————
M 97413+03 = : t :
i i -05F —
b World average 4 s o
40911203 < > m ¢ / 3
20 0 20 40 60 80 1T o
— 1074 _
AY [107] [AYz (—2.7+1.340.3) x 10~

Surapat Ek-In Charm Physics @LHCb Aug. 25™, 2021


https://arxiv.org/abs/2105.09889

Measurement of CPV in DO — K%K% | |

e Time-integrated CPV search

- Measure decay width difference between D° flavours AP (KK = (-31£12+£04+£0.2)%

F(D0—> KgKg) — F(EO—> KgKg)
I'(D°— KJKQ) + I'(D°— KJKY?)

AP (KJKQ) = e Consistent with no CPV at 2.40

i |
e This quantity can be large up to around 1% * Most precise measurement up to date!

e Analysis on Run 2 dataset r-tagged sample
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https://arxiv.org/abs/2105.01565
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.054036

Lifetime of Qg baryon

Charm hadron hierarchy

e In 2018, LHCb measured longer Qg lifetime in

Surapat Ek-In

On PDG 2018

se

Cross-check the result with an independent sample

Estimate lifetime with least squares fits to decay time

mileptonic b-baryon decays

7':+>>7’+>7':

Run 2 dataset on promptly produced

0Q° /=° — pK K™mt* final state

Use prompt D° — K-K*mt™1t* decays as control mode

Charm Physics @LHCDb

LHCb-PAPER-2021-021
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.092003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.030001

Lifetime of Qg baryon LHCb-PAPER-2021-021

e Measure the lifetimes to be PDG Q' s’ A E*
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Conclusions

e LHCb has produced the largest dataset of charm hadrons.
- This leads to new interesting results and provides often world-best
measurements
- More results are coming soon!
e However, the measurements are limited by statistics
- This is expected to be improved in Run 3 which is starting next year with
luminosity up to 50/fb by 2030

- Working on preparing upgraded detector as well as upgraded online trigger
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Thank you!
Any questions”?
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Mixing and CPV

e Mass eigenstates of neutral meson mixing . .
e There are different scenarios of CPV

’Dl 2> ’DO> i q‘50> Direct CPV

e Usually described by mixing parameters x, y

=y :FQ_Fl F:F2+F1 CPV in mixing
r = ) y )
I 21 2 2 2
qu DO 50 0 0
e and interference parameter ¢r = arg D D =
e Mixing occurs whenxandy #0
c—p—— w2 S CPV in decay-mixing interference
2
D%  d,sb Y A dsb (D .<f+ .<f+ P .<f
] —— W= = s ¢f e = ¢f
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DY — KJntn~ Binflip Results

¢ Data — Fit
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DY — K277~ Binflip Results

( 3.9740.46 +0.29) x 1073
( 4.59+1.20 £0.85) x 107°
(—0.27 £0.18 £0.01) x 107°
( 0.20£0.36 £0.13) x 107°
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|
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\

r = (3.98T9354) X
= ( 46775 )x107°

\Q/p\:=(l996"
¢ = 0.056F

0.047
0.051-

1073

- 0.052,

First observation of a difference between D° mass

cc eigenstates with significance of more than 70. o

However, no significant of CPV is observed.
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DY — KJntn~ Binflip Results

Source Top  Ycp Ax Ay

Reconstruction and selection 0.199 0.757 0.009 0.044
Secondary charm decays 0.208 0.154 0.001 0.002
Detection asymmetry 0.000 0.001 0.004 0.102
Mass-fit model 0.045 0.361 0.003 0.009

Total systematic uncertainty 0.291 0.852 0.010 0.110

Strong phase inputs 0.23 0.66 0.02 0.04
Detection asymmetry inputs 0.00 0.00 0.04 0.08
Statistical (w/o inputs) 040 1.00 0.18 0.35

Total statistical uncertainty 0.46 1.20 0.18 0.36
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DY — KJntn~ Binflip Results

e Oscillation parameters

mcp:—Im(ch):% TCOS(/S(% + §>+ysinqﬁ<% — g),
1 q| |p . qa| . |p|\]
Azr = —Im (Az) == xcosgb(; — E)—Fysmqb(]—) . i a>:,
yCP:_Re(ZCP):% ?/COSCb(Z—q? + §>—$Siﬂ¢(% - Zé),
Ay = —Re (Az) g ycosg/)(g - g)—xsingb<g - ]—9) :
2 pl 14q Pl laql/]
e Sensitivity to x
i T (1) T Re (X;2)
b T+ (£),1/7 Re (Xp2)
= 1y + (t); Re (X;2) — rs Re (Xp2)]

[
(1 —ro)e y — (1 +73)85 2],
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Time-dependent CPVin DV — B thH~ (h =K, )

AAF(K_W+) AAP(K+K_) AAI‘(W+7T_)

Systematic source

[1074] [1074] [1074]
m(h*h~) background 0.00 0.06 0.03
Subtraction of the m(D°r} ) background 0.12 0.24 0.34
Flavour dependent shift of m(D**) peak 0.14 0.14 0.14
Secondary decays 0.08 0.08 0.08
Kinematic weighting 0.05 0.05 0.05
Total systematic 0.23 0.32 0.39
Statistical 0.50 1.52 2.81
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Time-dependent CPVin DV — B thH~ (h=K,m)]

AYy-n+ = (—0.4 £ 0.5+ 0.2) x 10~

e The analysis procedure is controlled on Krt

| — T
channel where CPV is not expected. = 0df D' —Kz* %Eﬂ:b .
e We found no significant CPV in the g 0 arfl Lr#ﬂ L+, E
o E +I+} ff +l ]
channel, and the analysis is not affected g o1k 1
>‘ V.
significantly by the systematics. < 5 e ¢ 5
t/t
Source AY i+ g [10_4] AY o [10_4]
Subtraction of the m(D°x" ) background 0.2 0.3
Flavour-dependent shift of D* -mass peak 0.1 0.1
D** from B-meson decays 0.1 0.1
m(h*h~) background 0.1 0.1
Kinematic weighting 0.1 0.1
Total systematic uncertainty 0.3 0.4
Statistical uncertainty 1.5 2.8
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https://arxiv.org/abs/2105.09889

Measurement of CPVin DV — K%K%

Sample 2015 + 2016 (2 fb™1) 2017 + 2018 (4 fb™1)
Yield AF (%) Yield A (%)

LL PV-comp. | 1388 +41 03+ 254+06 |4056+77 —43+ 1.6+04

LL PV-incomp. | 178 +31 —11 £17 +£2 430441 —-30£ 79+1.1

LD PV-comp. 411425 —7.24+ 584111145449 —294+ 3.84+0.7

LD PV-incomp. | 58+18 —10 +31 +4 3499+64 —5 +£17 +£2

DD — — 87+28 —35 +47 =£6
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https://arxiv.org/abs/2105.01565

Lifetime of Qg baryon
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Lifetime of Qg baryon

Sources Tqo [fs] Tzo [fS]

Fit model 22 1.0

Calibration sample size 0.1 0.1
Kinematic correction 3.4 0.4
Decay-time resolution 1.3 1.8

Xip scaling 1.1 0.5
Decay-length scale 0.1 0.1
D°-D° mixing 0.8 0.6

Total systematic uncertainty 4.4 2.2
DV lifetime 0.7 0.2

Statistical uncertainty  13.4 2:3
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