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Mixing and CPV in charm [o.. - no+ o) = (2 €
. Mz = M1 o r2 - r2
T Y=o
e Charmed mesons are the only ones with up-type quarks where 0'25_—
r :No Mixin,
CPV can be measured Q00 i Current World Average
025 |, L7 HCP Beaty and Charm
e In SM, mixing and CPV in charm are suppressed, O(<107°) -0.25 0.00 0.25 0.50 0.75[}.]00
X [%
e Simultaneous fit to beauty+charm observables, pHer12(2021)141)
leads to 3.5% relative precision on y, dominated by LHCb % o

e F[irstobservationof xz0in 2021 (PrL127(2021)111801]

e First observation of CPV in the decay in charm in 2019

[PRL122(2019)211803] -5F

e Still no evidence of CPV in mixing and interference
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https://link.springer.com/article/10.1007/JHEP12(2021)141
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.111801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.211803

Outline

e Measurement of the charm mixing parameter y . - ycg using
two-body DY meson decays [arXiv:2202.09106]
e Measurement of CP asymmetries in D’ -n " and D —>r] N

decays [arXivi2204.12228]
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https://arxiv.org/abs/2202.09106
https://arxiv.org/abs/2204.12228

Measurement of charm mixing parameter

y ., With D°—h*h" decays at LHCb



https://arxiv.org/abs/2202.09106

[arXiv:2202.09106]

Yeop- yK” in D'—h*h™: experimental observable

Cabibbo Suppressed

e The experimental observableis: (f=K'K and n'n”) /_\
F(DO—)f)t) ~ 1= f_yKn g (1+\/R_) KK m'm
I(D°—K ", t) Yep Yep B D\\/ g{g‘%:—g; ~ 6% "
mixing ">~» [)0—"Cabibbo
e The parametery -y Jis the average of y ;- ySrand y2i- y57 and Suppressed
it's measurement directly constraint the mixing parameter y
Cabibbo favoured
o yCP ycg is obtained with an exponential fit to R/ /-\
fo _ND-f, t) Kn elf, ) D’ K
R/ = ) o expl ~(yl, - vEI) t] 1] x ~ :

N(DO—’K_T[+, U ) ( K_YT+ ) mixin(_:.]\‘w 50_——"/
doubly

where ¢ are the time-dependent efficiencies Cabibbo-suppressed

e Biggest challenge: equalize efficiencies so they cancel in the ratio
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[arXiv:2202.09106]

Yop~ Yor in D°—h*h™ : dataset

e Run 2 dataset: 6 fb™* of pp collision @ /s = 13 TeV 0 h<+
e D°from D*—D%* produced at the pp interaction point. =~ i B

e Pion charge determines the D° flavour

o Fitto Am=m( h‘h*ntag) — m(h™h*) to subtract the combinatorial background
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[arXiv:2202.09106]

Yop- YSE in D°—h*h™ : efficiency equalization

8 T P A

e Trigger requirement on D° daughters tracks (p, P N, IP) S0 ZOIWUM%:?%
. . . 3 r K 2 3

are applied to two different final states Rl T W,

. o . . S0.015F o ]

— time-dependent efficiency discrepancies appear § oy R
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[arXiv:2202.09106]

Yep yK” in D’—h*h™ : efficiency equalization

Trigger requirement on DY daughters tracks (p, P N, IP)
are applied to two different final states
— time-dependent efficiency discrepancies appear

New “matched” variables are computed imposing |p| of D°

daughters in the D° center of mass to be equal between
the final states and then tighter selection on new
variables is applied
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[arXiv:2202.09106]

Yep yK” in D’—h*h™ : efficiency equalization

e Trigger requirement on D° daughters tracks (p, p. n, IP) %00252- = et

are applied to two different final states i R,

— time-dependent efficiency discrepancies appear Eoszi :

e New “matched” variables are computed imposing |p| of D *™ 7 "]

daughters in the D° center of mass to be equal between s Iof(;sé I(h‘)l
the final states and then tighter selection on new l

variables is applied g OETEE T A

50.025F t D’>K 7+ 3

e This efficiency equalization procedure is then validated Bonf " :

both on full simulation and data go-olf ]
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Yep- YST in D°—h*h™ : secondary decays

X
e DYdecay time measured from pp interaction vertex BBi/ng
e Sample is contaminated by secondary B¥*—D** X g-': """""""""" T ‘—ﬁn he
decays — reconstructed decay-times are biased 2
towards larger values, diluting mixing effect
T, 10E T T & @ 4
e Selection on IP(DY) reduce this background to few % % o LHCy E
e Residual fraction is fitted to the 2D [IP(D?) - t(DY)] T ek — 3
S5E = E
distribution and the bias is subtracted with MC 4 W 3
3E 3
simulation 25—”/ , ;
1E D' =Kn _
T T T e
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Yop~ YSE in D°—h*h™ :results

0335}

RKK(t)

e [he measured values in each decay channel: :
o Yip- ygg =(7.08+£0.30,,+0.14_ )x 107 "

sys _
6.57 +0.53_ +0.16_ ) x 1073 o
- = + + So034sf T T
© yCP yCP ( ) - stat — 7 sys) X g 2
g -
e I 034
E791 1999  — 7.32 +28.90 + 10.30 r
FOCUS 2000 H—— 34.20 + 13.90 + 7.40 0335k
cLE0 2002 | H H AR -12.00 + 25.00 + 14.00 r
Belle 2009 H—~—H : 1.45 % 6.10 + 5.20 C
LHCb 2011 He=—=H —— | 5.50 +6.30 + 4.10 033 5
BaBar 2012 I t—— 7.20 £1.80 +1.24 r 4
BESII 2015  f—o— bt F—— || -19.65+ 13.00 £ 7.00 0.325,——— é i 1'1 —— é ———
Belle 2016 M TR 11.10 £2.20 +0.92 e
LHCb 2019 H 5.66 + 1.33 +£0.94 . .
Belle 2020 P4 M 10.30 +9.10 + 6.43 o Flnal‘ average'
LHCb 2022 { v e o) 6.96 +0.26 +0.13 2
World average t 6.97 +0.25+0.13 yCP yCP ( 6.96 £ 0. 26 o 0'135\’5) x10
50 0 50 100 .
— VKT [107] e \World average improved by a factor 4!
Yep ¥
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[arXiv:2204.12228]

Measurement of CP asymmetries in

.—n"/m* decays at LHCb
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[arXiv:2204.122728]

P(D(S*)—m” %) : the experimental observable

The CP asymmetry is deﬁned as (with f=yN—yn'n)n*)

v - D) - —’f
AT D~ = —>f N r ¥ =)

Experimentally the raw asymmetry IS measured as:
N(Dg—f") - NIO,—f")
N (D(s*)—>f )+ N <D(s;—>f )
For small asymmetry: Apmd(D(j
Araw D+ f ACP f )+Aprod<D+) +Adet(f )
— Adet(f )= e(f ) —elf)
e(f*) +e(f)
Production and detection asymmetries are subtracted using control channels:
O AraW(D+—>77(‘) n') - A™(D*—¢pn’) = AP (D*—ny(‘) n) - AP (D*—¢n’) . external input

. ‘ + . , 0.005 £ 0.051)%
® AraW<Ds—>77()7T+) - A™Y(D!—¢n’) = ACP(Ds _"7()7-[+) [fDRL122(2019)1918)O3(;

A raw(D(s;r_)f +) =
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[arXiv:2204.12228]

A, P(D(S*)—m(’)ﬂ) : analysis workflow

e Run 2 dataset: 6 fb™* of pp collision @ /s = 13 TeV

e CP asymmetry from simultaneous, binned ML fit to m(»"'n*) and m(y n*n")
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A p(Dj—n"'n") : results

e T[he measured values in each decay channel:

o AD'—>pm) =(0.34+066_, +0.16__+005 )% "
o ADj—nn’) =(032+051  +012 )%

o AY(D'—nm)=(0.49+£0.18 +006 =005, )% "
o APDi—y'm)=(001£012, +008 ) %"

e “ Most precise measurement up to date!

e Statistically limited, no CP violation effect observed
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Future prospect and conclusions

e Exciting results with Run 2 data and new one are on the way, however we have
just barely started to approach SM upper limits for CPV

e | HCb Upgrade I is starting now. Expect to collect 23 fb~* of integrated
luminosity by the end of Run 3 and 50 fb™! by the end of Run 4

[CERN-PUB-LHCC-2018-027]

e Thenew LHCb DAQ&trigger system will grant a further gain w.rt. Run 2 (about
a factor of 2 in efficiency / fb™*) for charm hadronic modes
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LHCb experi

Vertex tracker
0(IP) = 15+29/p_(GeV/c) um
ot=45fs=0.11(D%
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p-p collision @ 40 MHz
10 MHz visible interactions
1 MHz charm interactions
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SO\

Trigger
LO hardware 10—1 MHz
HLT software 1000—12 KHz

S N\

Electromagnetic calorimeter

| O(E)/E = 1%=10% E/GeV (25 X%, 1.2 A, )

JINST 3 S08005 (2008)

Int. J. Mod. Phys. A 30 (2015) 7, 1530022
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Yop- YSTin D°—h*h™ :impact on charm average

y [%]

09—

I ' T ' T
— - LHCb-PAPER-2021-041

LHCb Charm Only
(JHEP 12 (2021) 141)
LHCb Beauty and Charm
(JHEP 12 (2021) 141)

01 02 03 04

FPCP 2022-05-24

L | L
0.5 0.6 0.7

x [%]

[arXiv:2202.09106]

I ; I ! I d I
- LHCb-PAPER-2021-041

- LHCb Charm Only
09 (JHEP 12 (2021) 141)
: LHCb Beauty and Charm
(JHEP 12 (2021) 141)
LHCb Charm Only
+ LHCb-PAPER-2021-041

y [%]
T

0.8

| I | | L | 1 |
150 160 170 180 190

R. Ribatti (SNS) | Mixing and CPV in Charm at LHCb

300
O, [°]



https://arxiv.org/abs/2202.09106

A p(Dj—n"'n") : dataset
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A .p(D;—n"'n") : control sample
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