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All things charm

CHARM QUARK

a bottom quark, the
CHARM QUARK was
discovered in 1974.

Aerylic felt/ fur with
poly bead fill for medium
mass.
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+ Measure property of

— charmed hadrons
Cq » Lifetimes qu

0 N+ N+ 0 . . + 5,00 =
D 9D 9D59°°° > DO‘DOm|X|ng Acazcgcah‘C?"'

» CP violation

Michel Bertemes - BNL



Lifetimes




Lifetime

ifetime is inverse of decay rate, H
=1/
- e.g. decay of muon

oroportional to particle mass m™

besides additional electro-weak
corrections, this provides good
estimate
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Lifetime

lifetime is inverse of decay rate,
=1/ (Fsemi—lept + 1—‘lept +1 had)
- for hadrons:
- need to consider different types of
weak decays
- QCD eftects for initial/final states and
everything in between

- use HQE:
- expansion in mass of heavy quark

- corrections are significant for charm
hadrons

(©9) , 1, £00

m m;
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How to measure a lifetime

- what we want

- determine decay time t by measuring
vertex displacement and momentum

- decay-time uncertainty o, is obtained by
oropagating uncertainties of L and
- what we need
- accurate VXD alignment,

- precise calibration of final-state particle
momenta

- powerful background discrimination
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Measurements
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Measurements

¢ Data
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Mixing & CP Violation



To mix or not to mix

The eigenstates of the neutral D meson are a mixture of the flavor states:

D 2)
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Short & Long

mixing at short distances
- box diagram involves loops with

(d, s, b) quarks

- 2 22 /102 02
- GIM suppression, (m; — m7)*/mym

C

» CKM suppression,
|V VE 12V, VE]? ~ 1076

us cs
mixing at long distances

- non-perturbative, difficult to describe

» inclusive (HQE) and exclusive
(summing over intermediate
resonances) approaches give varying
estimates

more to come
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CP Violation

Three types of CP violation

(1) in decay, |A]z/Af| #* 1

(1) inmixing, |g/p| # 1
(1) in interference between a decay with and

without mixing, (4, # 0, 4, = q/pAf/Af

Strange

Beauty

Charm

(D, (I and () in K = #x

(Il) also in K — ©tv,
K, > ntn ete”

e~ 107
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(1) in various decays of
B°, BT and B!

(Il inb — ccs, b — ccd,

b — cud, b — qgs...

AK 77) ~ 0.08
S(PK) ~ 0.7
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CP Violation

Three types of CP violation
(I)  indecay, |A]z/Af| * 1

(1) inmixing, |g/p| # 1
(1) in interference between a decay with and
without mixing, (4, # 0, 4, = q/pAf/Af

Strange Beauty Charm

(), (1) and (1) in K — zz | (1)in various decays of (1) in difference of

0 p+ 0
() also in K — nfv, B" B and B asymmetries for

K — mtaete () in b = ccs, b — ccd, DY - K*K~ and
. b — cid, b — qgs... DY = ztrn~
e~ 1077 +_— -3
HAK n7) ~ 0.08 Ad ~ 10
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CPV in charm

- direct CPV has been established in 2019 (LHCDb, link):
- AAp = A p(D° - KTK™) — Arp(D° — 7tn™) = (—=0.154 £ 0.029) %
- observed value is consistent with SM, challenges calculations
and raises the question whether the signal is due to NP
- recent measurement from LHCb indicates direct CP violation in
D' - 7tz at 3.86 (link)
0 O(

. at Belle Il focus on DT = 7272” and D® — 797" (isospin sum rule)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.211803
http://www.apple.com
https://cerncourier.com/a/lhcb-digs-deeper-in-cp-violating-charm-decays/

CP Asymmetry

I'(D - f)—T(D - f)

A~n(D — f) =
cpl /) ['(D- f)+T(D —>f)
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CP Asymmetry

I'(D - f)—T(D - f)
I'(D - f)+T(D - f)

Acp(D = f) =

One of the main ingredients of any CPV (mixing) measurements is flavor tagging
—determine the signal flavor at the time of production

Michel Bertemes - BNL
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A typical beauty event

opposite side

Y(

same side

45)
O / signal decay
‘ *B <: Id

products

signal decay

- eTe”—= Y(4S) — two beauty mesons

+ quantum entanglement

+ flavor of signal B can be determined from flavor of opposite-side B
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A charm event is different

opposite side

P
+ _—
K (Su)\
/é\é;’_
7V
H K~

» ete™— two charm hadrons +

+ no entanglement, inaccessible strong phase
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A charm event is different

5 L o°w* fa) |
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- e¢Te”— two charm hadrons +
+ no entanglement, inaccessible strong phase

. standard approach (since 1977): exclusive reconstruction of strong decay D" — D'z
+ inefficient reconstruction of slow=low momentum pion

+ loss in statistics (only ~25% of all charm quarks hadronize into D¥*)

slow pion: M(D™*) — M(D") ~ 145MeV/c?
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A charm event is different

opposite side same side
P e” KT
K+(§l/l) ]z'+
~ i / \)
\ O - /: signal deca
J D (Cu) . S|c;)r01:!(jctsy
,l/l_ K~ T signal decay

» eTe™— two charm hadrons +
+ no entanglement, inaccessible strong phase

. standard approach (since 1977): exclusive reconstruction of strong decay D" — D'z
+ inefficient reconstruction of slow=low momentum pion
+ loss in statistics (only ~25% of all charm quarks hadronize into D¥*)

- a new more inclusive method is desirable to exploit correlation between signal flavor and
charge of tagging particles

Michel Bertemes - BNL

22



The Charm Flavor Tagger (CFT)
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g=+1 for D® and -1 for D°
r=1 perfect prediction, r=0 random guessing
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reconstruct particles most collinear with signal meson

uses kinematic features (AR, recoiling mass) and PID of tagging particles
based on BDT, predicts gr (tagging decision g and dilution r)

trained using simulation and calibrated with Belle Il data
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tagging power: G&g = etag(rz) 23




The Charm Flavor Tagger (CFT)

. double the sample size w.r.t D" *-tagged events

» provide discrimination between signal and background

+ CFT will increase sensitivity for many charm decays:
- DY = 7979 KgKO, Knr, enn' . . .
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What we are doing



CP Violatio

n

« Direct CPV in:
» Mesons

+ DY - 7%%link), D? — KJK(link),

DY > ntrn
+ neutrals in
- Baryons

+ BEf > X h"h™ (h = K, 7) (link)
+ largely unexplored domain

0

final state — Belle Il territory

Araw — ACP T Adet + Aprod + Atag

Michel Bertemes - BNL
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https://indico.belle2.org/event/9085/contributions/59808/attachments/21910/32416/pi0pi0_status.pdf
https://indico.belle2.org/event/9085/contributions/59809/attachments/21928/32449/CharmWG_19_04_23_sanjee.pdf
https://indico.belle2.org/event/9084/contributions/59807/attachments/21792/32263/charm_update.pdf

Mixing & CPV

2 2
- flavor eigenstates R(t/7) = Ry + \@y'(t/f) + r Ty (t/7)*
> D’ > Ktz x" (link)
- ratio of DCS over CF
- X, y rotated by strong phase
- self-conjugate final states C ntmpmasmarcr . F—
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. DV > KgﬂJ“ﬂ_(M)

30T g
- direct access to x,y
2.5
parameters
- model-independent ¢
> L
approach o,
1ol
os |
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https://indico.belle2.org/event/9085/contributions/59810/attachments/21929/32450/charm_meeting_April_19_2022_final.pdf
https://indico.belle2.org/event/6818/contributions/35398/attachments/16590/24737/Updates%20of%20D0%20D0bar%20mixing%20measurement%20in%20D0%20to%20Ks%20PiPi%20v0.15.pdf

And much more

. T(D;* = DFz")/T(D;* — D]y) (link)

- Absolute BR of 56(2790)0 (link)

- Inner structure of D (2460) (link)

- BRof D™ — n£¢1¢™ (link)

- AT — 9K (link)

- T-odd correlation in AT — AthJr (link)
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https://indico.belle2.org/event/9717/contributions/63122/attachments/23365/34522/FullStatusDs.pdf
https://indico.belle2.org/event/9461/contributions/61793/attachments/22613/33374/Xic0s_charm_meeting.pdf
https://indico.belle2.org/event/9528/contributions/62223/attachments/22906/33847/report_v0.0_charm_meeting.pdf
https://indico.belle2.org/event/9358/contributions/61235/attachments/22325/32954/andrejl_charm_meeting_2023_05_17_final.pdf
https://indico.belle2.org/event/9358/contributions/61231/attachments/22326/32955/LctoXiK_CharmMeeting.pdf
https://indico.belle2.org/event/9301/contributions/60907/attachments/22210/32807/LcToLamKsHp_Todd_CharmMeeting.pdf
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