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LHCb charm results since
. HFCPV2021

- Mixing parameters in D° - h'h* [Phys. Rev. D105 (2022) 092013]
- Mixing parameters in B - D°( - KsTt1r)p- v X [arXiv:2208.06512]
— For CP-only results (Ace(h*h’), etc.), please see Jiesheng’s talk
* Amplitude analyses of 3-body charm hadron decays
- D> et [arXiv:2208.03300], Ds* - e [arXiv:2209.09840]
- A - pKTT* [arXivi2208.03261]
* Rare decays
- DO p*p* [LHCh-PAPER-2022-029]
* For other recent charm results (=..** related, etc.):
https://Ihcbproject.web.cern.ch/Publications/LHCbProjectPublic/Summary Charm.html


https://indico.ihep.ac.cn/event/11988/contributions/15184/attachments/7169/8115/LHCb_CHARM_LSun_20211107.pdf
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/Summary_Charm.html

LHCb as a Charm factory
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Tracking System

* LHCb acceptance: 2 < n < 5 (forward region)
* Large production cross-section
[JHEP 03 (2016) 159]
o(pp=cc)=(2369+3+152+118)ub@ 13 TeV
* More than 1 billion D° - K-1t* collected by LHCb between 2011 and 2018

Run2: Turbo stream from online reconstruction



D° production at LHCb

Independent data sample
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D° flavor tagging at LHCDb

/ Experimentally we can tag D? flavour at
production by means of the charge of the muon

and the soft pion K-
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Mixing In neural D system

u d . s.b c

* Charm mixing - a well established fact
* Mass eigenstates are related to their flavor eigenstates via
|D, ,> = p|D°> + g|D°>, with [g|*> + [p[* =1
* Mixing parameters based on the mass and width differences:
x=(m,-m)/I,y=(,-T,)/20, with D° decay width ' = (I, + I')/2
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* Note: yep

[Phys. Rev. D105 (2022) 092013]

Mixing parameters in D°- h'h*

Measuring the lifetime ratios of 2-body D° decays allows
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Using full 6 fo* Run2 data, D° from prompt D** - D%rf

decays

Biggest challenge: Equalizing time-dependent
efficiencies in R/(1)

— v was previously called yp

_Term —yfF=~ +0.4x107? was included because of ¥ = K “m*/D” = K*n~ mixing [JHEP03(2022)162).
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[Phys. Rev. D105 (2022) 092013]

Mixing parameters in D° - h'h*

* The measured values are (slope of RY (t)):
VEE — y&F = (6.57 £ 0.535¢at + 0.165y5)x 1073
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m2 [GeV?/c?

Using Run2 (5.4 fb?) data, D° from B decays & tagged by muon charge
Complementary to prompt analysis pri 127 2021) 1115013, lOWer statistics (3.7 M

[arXiv:2208.06512]

Mixing parameters in B8 - D°(- Kdn*n~)u=9,X

vs. 31 M), but capable at small D° decay times

Bin-flip method: model-independent approach, no need for modeling of

Dalitz-plot efficiency & decay amplitudes

Data binned in Dalitz-plot regions +b, binning scheme chosen to have
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3_.

. mixing 5.4/

DCS +

LHCh

2.5 B 3
m2 [GeV¥c#]

1.5 2

2feA
m?2 [GeV?/c4]

=
T

Signal per 4.5 MeV

=

Lo

[R]
Lh

(3]

tn

—

=]
n

. A s
sk E &
: | 3
] @7 5
a2 N
i i E
- Em
y m E
05 1 15 2 25 3

m2 [GeV7/ct]

Absolute bin index b

Simultaneous fit of the yield ratio R} (+ for
initial D°/D°) between +b and —b in bins of
DP decay time t:

RE@) = 1, — y1p[(1 —1p)cpy — (1 +1)spx]Tt

* 1, =Rp(t=0)

* (p and s, parameters related to the
strong phase differences between +b
regions (based on external inputs from
CLEO and BESIII).
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Mixing parameters in B - D°(-
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[arXiv:2208.06512]
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Summary of uncertainties
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Compa’rlble resulTs for prompT & SL

0202 . Source zep (1073 yep [107%] Az [107%] Ay [1079]
e Reconstruction and selection 0.06 0.79 0.28 0.24
= Detection asymmetry 0.06 0.03 0.01 0.09
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[LHCb-CONF-2022-003]

New combinations on charm mixing

« With respect to last ones, improvement of y by 40% thanks to new ver — V&7 result

* 0p5"#180° @ 3.60 — Evidence of U-spin symmetry breaking

- External inputs including BESIII measurement on strong-phase difference ric 52 2022) 1009
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https://link.springer.com/article/10.1007/JHEP12(2021)141
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-CONF-2022-003.html

[LHCb-CONF-2022-003]

New combinations on charm mixing

« With respect to last ones, improvement of y by 40% thanks to new ycr — ¥(5 result
* 0p5"£180° @ 3.60 — Evidence of U-spin symmetry breaking
- External inputs including BESIII measurement on strong-phase difference ric 52 2022) 1009
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https://link.springer.com/article/10.1007/JHEP12(2021)141
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[arXiv:2208.03300, arXiv:2209.09840]

Amplitude analysis of Dy"—a 7'z

* 2012 data L = 1 5 fb 1 Promptly produced D mesons

T T — T

& 25(}00: o = e r LHCb

S : N(D+)~600k S [~ Toulfi 15! ]

en 20000 5 agl Sl .

o0 r = L ----- Background + J

S B 4 N(DH~700k ]

= 15000 F S X

o E 220

] r = -

S 10000 <

= C

=

[ ]

U 5000

1 4 PP ". M 1 2 A i 1 n T ., - = - el bk uiehs Kk etttk etals ek sl
1820 1840 1860 1880 1900 1920 192 194 196 198 2 2.02

m(rm ) [MeV] m(nt'n )| GeV]

* Competitive statistical power

* Methodology for amplitude construction

 S-wave: Quasi-Model Independent approach (QMIPWA) s

As (512, 813) = As (512) + As (513) AL (8545~ ) = cpe™*

] Statistics >50x prior measurements from

e‘e experiments & higher signal purity

1 (BABAR/CLEO-c/BESIII)

* Ck, @r: Generic functions determined by fit to data

* Isobar model for spin-1, spin-2 components
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Candidates/(0.03 GeV?)

[arXiv:2208.03300, arXiv:2209.09840]

Amplitude analysis of Dy"—a 7'z
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Dominated by S-wave, followed by spin-2 resonances
Contribution from (w(782) —» '~ )mTobserved for the first time 14
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Indicating f,(500) as dynamical pole of mm — mm rescattering ?

[arXiv:2208.03300, arXiv:2209.09840]

S-wave of D —r '
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[arXiv:2208.03262, accepted by PRD]

Amplitude analysis of A.*—pK 7"

e 2016 data, £ = 0.5fb~1:

; ~400k S|gnals heI|C|ty based Am.An.

A" from b-hadron decays

Promptm, K,p ... ...

Candidates/ (0.018 GeV?)

£
Resonance  JP  Mass (MeV) Width (MeV) g |
A(1405)  1/2° 1405.1 50.5 3
A(1520)  3/2~ 1515 — 1523 10 — 20 2
A(1600)  1/2* 1630 250 3
A(1670)  1/27 1670 30
A(1690)  3/2° 1690 70
A(2000)  1/2 1900 —2100 20— 400 .
A(1232)++ 3/2+ 1232 117 3
A(1600)*+  3/2* 1640 300 =
A1700)*+  3/2° 1690 380 S
K (700) 0t 824 478
K*(892) = 895.5 473
K3(1430)  oF 1375 190

* All parameters of amplitude model reported

* Mass and width of A(2000) determined
m = 1988 £+ 2 + 21 MeV I'
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In the lab system
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[arXiv:2208.03262, accepted by PRD]

A polarization measurement

PA_1/2m, ()2

2P =5 3 {0 PR A, P + (1 -

o 2 2 N Lo
Q= (T.*LPK_,mK_ﬂh(,oh Op, Op. X)

mp==%1/2

Final-state kinematics

+ 2Re [ P, L iP

=

Initial spin structure

Tf?,m.p(Q)A—lﬂ,m?(ﬂ)] } N Of Ag

* Large interference improves sensitivity to initial polarization

3
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AY polarization from semileptonic b-decays measured,
with 2 different definitions of initial spin axis

Model dependency contributes to the largest
syst. uncertainty (second term)

Advances in High Energy Physics (2020) 7463073

Large interference between
A(1232)** and K*(892)

Measured polarization P components

Component Value (%)

P, (lab) 60.32 £ 0.658 £ 0.98 +0.21
P, (lab)  —0.41+0.61 +0.16 +0.07
F. (lab) —24.74+06+03+1.1
P (B) 21.654 0.68 +0.36 £ 0.15
P, (B) 1.08 + 0.61 4 0.09 + 0.08
P. (B) —66.5 0.6+ 1.1+0.1
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[LHCb-PAPER-2022-044]

Polarimeter vector field of A.*—pK 7"
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Important inputs for analyses involving A:* [Details]
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https://indico.jlab.org/event/600/contributions/10964/attachments/8674/12523/2022.11.16_Polarimetry_talk_FDSA2022_at_JLab.pdf

Searching for D°—uut

FCNC & helicity suppression

Predictions: B59-(D% — i Tp~) ~ 10718

BON(DO — ptp~) < 2.3 x 1071

Full Run1+2 analysis (9 fb*), D° from prompt D** — D%n/,,
B(DD_}h_ﬁ+) Cp0 sh—nt ~ 2 X 10_11

Normalization channel: B(D° — pp™)= alNpo_, ), o~

2D simultaneous fits in
3 BDT bins per run:

Peaking mostly from
Tt/p misiD

Preliminary result:

Candidates / ( 6.17 MeV/c?)

[LHCb-PAPER-2022-029]
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. Preliminary S "rPreliminary :
100 4 = E 3
+ é 100 E ++ a
- g 7 = o *
50 (= . + 4 B sk T4
E . . VO B S T U S U R [t . ey Al SRLIIER " ' !
g 1800 1900 2000 2100 = U 140 145 150

m(u )y [MeV/c?]

B(D® — ) < 2.9(3.3) x 1072 at 90(95)% C.L.

Am [MeV/c2]

Improvement of more a factor of two!
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Summary & outlook

* LHCDb is in fact a charm factory and has the world’s largest samples of
charm hadronic decays

* High statistics and superb detector performance allow for high precision
measurements on charm mixing & CP, amplitude analyses, rare decays,
etc.

* Still more charm results in the pipeline with full Runl1+2 data, stay tuned!
—More CPV observables, dielectron modes, SL decays, radiative, etc.

* Longer term: Run3 has started
* Synergy with BESIII important for mixing & CPV in the charm sector
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LAB FRAME

DO _ _..<
F0°)

K+

K-

K+

CENTRE-OF-
MASS FRAME

Pk

e DY

nt CENTRE-OF-
MASS FRAME
Fet)
e D°
B (K
=—p'mh)
K-

[Phys. Rev. D105 (2022) 092013]
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Figure 1: Sketch of a D' — K~ K™ to D' — K~ 7" matching.
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B decay D decay Ref. Dataset Status since
Ref. [14]

B* — Dh* D — hth- 29 Run 142 As before
B* — Dh* D— hta—wta 30] Run 1 As before
B* — Dh* D — K*z¥Fntz~ (1§ Run 1&2 New

B* — Dh* D — hth—a" 10) Run 1&2 Updated
B* — Dh* D — Kghth- 31] Run 1&2 As before
B* — Dh* D — K{K*n+ 32] Run 1&2 As before
B* — D*h* D — hth- ﬁ Run 1&2 As before
B* - DK** D — hth- 33] Run 1&2(*)  As before
B* — DK** D — hta~atn~ 33] Run 1&2(*) As before
B* — Dh*ntn~ D—hth 34] Run 1 As before
B" — DK*" D — hth- 35] Run 1&2(*) As before
B" — DK*" D — htr-mtn- 35] Run 1&2(*)  As before
BY - DK"Y D — Kintn~ 30] Run 1 As before
B" — D¥g* DY — K—ntat 37] Run 1 As before
BY - DFK* D — hth—n* 38 Run 1 As before
BY —» DFK*gta D — hth-at 30, Run 1&2 As before
D decay Observable(s) Ref. Dataset Status since

Ref. [14]

DY — htpo AAcp 24140411 Run 1&2 As before
D" — Kt Acp(KYK™) 1624251 Run 2 New

D" — h*h~ Yop — Yo ™ 42 Run 1 As before
D% — hth- Yep — YL 15] Run 2 New

D" — hth- AY 43146 Run 1&2 As before
D" — Ktx~ (Single Tag) R*, (2'*)2, y'* 7] Run 1 As before
D" — Kt~ (Double Tag) R*, (2'*)%, y'* 18] Run 1&2(*)  As before
DY — K*a¥ata- (22 +y?) /4 1] Run 1 As before
D" — Kdrtn~ T,y 50] Run 1 As before
DY — Kir*n- e, Yor, A, Ay 51) Run 1 As before
D" — Kr*n- rep, yor, Ax, Ay |52 Run 2 As before
D" — Kixta~ (= tag) Tep, yop, Az, Ay 1T Run 2 New

[LHCb-CONF-2022-003]
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https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-CONF-2022-003.html

[arXiv:2208.03300]

Amplitude analysis of the
DT = n~nTnt decay and
measurement of the 7 ~7 ™ S-wave

amplitude
0 1 2 3
2 2
51,[GeV~] 51,[GeV~]
Figure 4: Models for (left) background distribution and (right) signal efficiency across the Dalitz
plot, where the z-axis scale is arbitrary. i o
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[arXiv:2209.09840]

AU.

Amplitude analysis of the
D;‘ — 7w decay

5,,1GeV?) 5,,[GeV?]

Figure 4: (Left) efficiency variation over the Dalitz plot and (right) background model for
DY = a=ntat decays.

Residuals

—~ s e, —_— — - 5
> ol 1Daa LHCb § % 4
mode ‘ this result BaBar BESIII g 1.5 fb E %ﬂ ;
S-wave | 84974064 83.0+21 84.2+14 = 4 = I
p(770)°7+ | 1044012 18411 09408 2 E 0
w(782)xt | 0.360£0.022 = )
p(1450)°7+ | 3.86£2.0 23+£19 1.3£08 O E
p(1700) 7% | 0.37£0.34 - -
f2(1270)7* | 13.60+£0.50  10.1+19 10.5+1.4 L S, S e 1 7 S
f3(1525)7* | 0.045+0.011 5., [GeV?] ' o [GeV?]
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A7 polarization frame

@ Polarization measured in two A helicity rest frames, with orthogonal components defined
from the muon direction

- Laboratory frame: no s . _ At X4
reconstruction uncertainties 24; = Pl +)
: . A - . "
- Approximate B rest frame: Xyr = |p£/15r; i p?j—h x p(Ag) plup™)
closer to semileptonic decay PLie ) > P ) /
i j:f‘, =244 X ,AX j Yaro ~ ~
physics A A A} 22 = PAL)

@ Longitudinal (P;) and transverse (Py) polarisation are T-even, while normal (P,

polarisation is T-odd
@ P, can be produced only by T-violation or (EM) final state interactions, see Sozzi, Discrete

symmetries and CPV

Daniele Marangotto (INFN-Milano/UNIMI) Charm AmAn & P 26/09/2022 10/21

=7 — pK~ 7t SL amplitude analysis ongoing
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https://agenda.infn.it/event/31703/contributions/174556/attachments/97096/133948/2nd_SELDOM_workshop_CharmAmAn.pdf

J | HCD Upgrade | === = |HCb Upgrade Il
e HL-LHC

2015 2019 2022 2025 2027 2031 2032

=
beyond
Z=4x102cm?s™! Z=2x10¥cm’s™! = 1.5x]034cm25‘q
9fb! 50 fb~! 300 b~
Mode Upgrade (50 fb~!) | Upgrade Il (300 fb™!)
DYt 4.2 x 10710 1.3 x 10710
DY s atutyu~ 102 3% 109
Limits on BFs D} — Ktutp~ 1078 3x107°
Ar — putp~ 1.1 x 108 4.4 x107°
D% — eu 10> 41x107°
DY - gtuty~ 0.2% 0.08%
DY — atoptyu~ 1% 0.4%
Stat. precision on asymmetries | D° — 7t K= ptp~ 0.3% 0.13%
DY - Kta—ptpu~ 12% 5%
DY - KTK—putu~ 4% 1.7%
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