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Why New Physics?

« Standard Model extremely successful during past decades

« Some outstanding issues still unaccounted for, such as dark

matter & energy
Atoms

Dark

4.6% Energy
Dark G
Matter
23%

None particles in the
Standard Model are
satisfactory candidates for it

Presence of dark

e What is the dark matter made of?

universe?



An example: Higgs discovery

Searches for NP

* Direct search (ATLAS / CMS): Look for production of
new particles

* Indirect search (LHCb / BESIII / Bellell): Look for “hints” of new particles in
loops

b MSSM -
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Enhancement of the branching Effects on the value of
fraction of very rare decays Standard Model parameters

(precise measurements to look
A bit of history (1970): charm suggested to explain for discrepancy)
suppression of K2 — u*u~ before J/y discovery 4




NP searches in b-sector: a coherent

pattern?
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See also, e.qg., LHCbSZL [ 1R 52



https://indico.ihep.ac.cn/event/16171/contributions/44344/attachments/21327/24287/20220728_FAatLHCb.pdf
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' Zooming on Charm
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Why is Charm so charming?

) ) _ 2 SU(4) 1 6-plets
= charm is an up-type quark, of mass ~ 1.25 GeV/c [): Gegiildscalars

e not heavy (m(b) ~ 4.2 GeV/c?) nor light (m(s) ~ 100MeVi/c?)

= it forms charged and neutral mesons and baryons

= |n particular the neutral meson D? is the only mixing meson
made of up-type quarks: T

» the top quark decays before forming bound states
» T1° coincides with its own antiparticle

D° D,

charm flavour physics

= complementary informations provided w.r.t.
q K and B mixing (and CPV)
B

down-type

N

= eventual NP contributions must couple to
the up-type sector

‘K C

> = constraints NP models probing a different
parameters space

B



Summary of charm decays

Charm provide a unique environment for

BFs expected in SM
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testing the SM rare/forbidden decays and searching for NP

_ Complementary information to B and K
Cabibbo favor sectors with down-type quarks

Single Cabibbo suppressed
Doubly Cabibbo suppressed

Radiative decays

Long distance:
Vector meson Dominance (SM)

Short distance FCNC (SM+NP)

(NP)
Forbidden decays: LNV. LFV. BNV

DO—K%/dy/wy/py
D*g—>K™*y/pty

D% —>yy/VV'(I*1-)/ hV(I*1-) hh*V(I*1)

D% —yy/VI*I=/hl*I-/hh'I*I-
D> ptu-lete-

D—(hh)utut/(hh)etet
D—(h)ute~
D—(h)pe—

Rare decays



Flavor Changing Neutral Currents

* Forbidden at tree level in SM, only allowed

in loop and box diagrams H §<
» Strongly suppressed due to GIM cancellation: - - o e W
« BF ~O(107) < X <
box diagram penguin diagram
« D — X¢{*¢~ dominated by Long-Distance
contributions = 10 a——— 5711‘7
* Vector Meson dominance (VMD) ¢ % 05— roooa, 64 | —
« BF ~O(10°) < 1077
. — = 107
* NoVMD in D — Xvv '}?“’“‘ﬁ‘_‘h vl
-_va 13 ] - = 7\\\
gl()l() D —’i" o 2\)’



Lepton Flavor Violation

* LFV exists in neutrino oscillation
 Observation of charged LFV (cLFV) decays (A A S

will be a clear sign for NP - e o R —
 Lepton flavor non-universality closely related Gl
to CLFV 1.0 < q>< 6.0 GeV-/c*
* LHCD recently reported 3.10 tension with SM in yoe | LHCbO &
b—stte R, R S
0.5 1 [l

Ry

[Nature Phys. 18 (2022) 3, 277]

* BSM models (lepto-quark, Z’, etc.) may induce _ LQ )
cLFV and enhance BF up to O(107) C —= \ \ i
2al




Lepton Number Violation

* Lepton Number Violation (AL # 0) is forbidden in
SM

* Neutrino oscillation — m,, # 0 — New Physics
needed to explain mass origin

* Nature of neutrino: Dirac or Majorana (v,)?

* Majorana neutrino can lead to AL =2 LNV
processes

* LNV is introduced in many NP models:

4" quark generation, SO(10) SUSY GUT, exotic Higgs,

etc.

* LNV processes have been widely searched for in
7, K, D, and B decays

V1
4 V
iy or ( T)
V1 L)
vy
Dirac Majorana
0t a
DO | ) /) K-
L S
W+




Baryon Number Violation

« Excess of baryons over
antibaryons in the Universe
— BNV processes exist

* BNV is allowed in GUTs and
some SM extensions
* Accompanied by LNV

*BFsof D - B{,B=AXpn
expected to be no more than
ﬁ(10_29) [PRD 72, 095001 (2005)]

Feynman diagrams under operators

A (B_L) =0 with dimension six
e e’
X < 5(d) ¥ < i
c ,’I j‘“ I il ( ,’l }I‘ 3{ (7)
g \J g g \Jgq

(a)

A(B-L)=2 ®

Feynman diagrams under operators
with dimension seven
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https://hflav-eos.web.cern.ch/hflav-eos/charm/rare/Spring2021/rare charm.html



https://hflav-eos.web.cern.ch/hflav-eos/charm/rare/Spring2021/rare_charm.html

Results on rare charm decays
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Major experiments on charm physics

threshold
production

- o

-

e

CLEG e

D s K nt

no additional tracks from
charm quarks fragmentation.

e

Lab frame

D° = Kintm™

v double-tag method for bkg. suppr. & neutrino reco.
v extremely clean environment

¥ high efficiency detection on electrons/neutrals
v quantum coherence
@no CM boost, no T-dep analyses

hadron colliders

-
Secondary _

!

—a—

PV

&

....._.Kno
DK _
K-

V¥ large production cross-section

V¥ large boost: excellent time res
@dedicated trigger required

@hard to do neutrals and neutrinos

high-luminosity
B-Factory

| 4
D* (ed) + X’

v clean event environment
v high trigger efficiency

v high-efficiency detection of
neutrals

¥'many high-statistics control
samples

v time-dependent analysis

@smaller cross-section than hadron
colliders 15



A tale of two experiments: selected topics

16



Electromagnetic Csi(Tl) Calorimeter (EMC)
ocE <2.5% @ 1 GeV (barrel)

BEPCII & BESIII e o)
Time-of-Flight (TOF) Main Drift Chamber (MDC)
ot = 90 ps (barrel) or¢ = 130 pm (single wire)
=120 ps (end-caps) op/p.=0.5% @ 1 GeV
Superconducting solenoid (1 Tesla)

AN - ZINT N rITE

Beljmg Electron P05|tron Colllder II(BEPCII) ¢/
“)-‘o '

- Double storage ring ~240 m | L

5100
(2373}

BES||| detector J R + O 2% . 2004: Started upgrade BEPCII/BESIII
= >\/‘ 2.0~4.9 GeV
ry > L=1x10% cm 25 1(April 2016)

\ ',, " 2008: Test run
A '~ 2009-now: T-charm physics runs

,\
AN S

M. Ablikim et al. (BESIII Collaboration), Nucl. Instr. Meth. A614, 345 (2010)




Charm datasets @ BESIII

» Pairs of D, produced near threshold w/o additional hadrons

Datasamples /s (GeV) Int.L£ (fb™1)

DD 3.773 2.93
D,D; 4.178 3.19
D,D; 4189 — 4.226 3.18
AETA; 4.599 0.567
AtAT 4.612 — 4.698 3.8 o -

e —
* Advantages:
* Low background level

* Full event info, neutrino kinematics can be inferred
* Absolute branching fraction measurement possible with one D, tagged

« Superb EMC performance one/y / 7"

18



Double-Tag method

* Fully reconstructed D at tag side (ST)

* Requiring signal decay at the other side
(DT)

ST yields:

Ng[(‘s)=2>( NDI_) X BST X Eqt

DT yield:

N;'%“a'=2>< Npp X Bsp X Bgig X 7519
The signal branching fraction:

Tag side

Ds

Signal side

4.178GeV <

D;”

y/m°

Signal side

DO

19



B'GS]I[ PRD 105 (2022) L071102

DY — Wy

* First search on charm hadron Missing mass
decays into v¥ final states KOor® e

2.2 2 T
. . B ©° decays involving K':

» Reliable modeling of K7 % B ey o v
backgrounds crucial for this o K*(892)0r0
analysis

e Data-driven method to model
energy deposits from DY — 7K{X

decays as dominating residual N
background VE ., [GeV7rc'

Events/0.03 GeV4/c*
ke

20



BGS]]I Fit with MC shape

Nsig

DY — 70y

* First search on charm hadron
decays into v¥ final states

» Reliable modeling of K7
backgrounds crucial for this
analysis

« Data-driven method to model
energy deposits from DY — 7K{X

decays as dominating residual
background

B (DO N 7‘(01/17) <2.1x107% @90% CL

=14 + 30

Events / 40 MeV

Pull

400

PRD 105 (2022) L071102

350 £

[h]
%))
o

200 £
150 &
100

300 f — 0" 7K

sofle ey,

====== Wrong tags

0.5

Number of experiments

1x107

| L 1 1 1 1
-0.2 0 0.2 0.4
Branching fraction



BESII
DY — pe

 Flavor of D determined from tag
side
« Background suppression with:

Energy difference: AE = Epgpar = Ebean

Beam constrained mass: My= \/ EZ,../c*— |Ppo|?/c?

* Almost background free

* No signal found, upper limits @
90% CL are set: Bro_sper < 1.2 x 10

BD()_}pe._ 22 W 10_6

ME (GeV/e2)

(GeV/c?)

M3

PRD 105 (2022) 032006

—h

o]

~
I

—h

o)

»
I

1.851

1.84

D° — pe™

-0.10

1 | 1 1 1
-0.05 0.00 0.05
AE™ (GeV)

0.10

1.88

—
Qo
~l

—_

(0]

(8))
|

—_

(0]

(82}
|

1.84

_ D° — pe~

0.10

AE™ (GeV)

I I | I I I 1 | 1 1 1
-0.05 0.00 0.0%

2

0.10



BGS]I[ arXiv:2209.05787

Dt — n(n)et

- D™ tagged to suppress non-DD 2 s>
backgrounds S =
* n(71) regarded as missing particle & § _
L TR R M - B M W
« GBDT based on EMC shower £ B e oy B e
shape trained to suppress S Ng= 261 93 Sl N = oz 3 (D]
background T op Mt 424 ST Ngs 1216
* Fit to n(77) mass to extract signals ?;j ﬁ.' MLl ? g
- Upper limits @ 90% CL are set: " " méevicz‘)”L . MGevic)
B(D*®) »n(n)e*) <143 x 107> w/AB-L| =0 D~ — e D* — ne*

B(D*®) - n(m)e*?)) <291 x10 w/AB-L| =2

23



(S
LHCDb detector in a nutshell

By design: study CP-violating processes and rare b-hadron decays

® can profit from the large bb and
cC cross-sections and from the
larger production at high

selgAL " e M pseudorapidity
RICH2 ) T

® o(pp — bbX) =144 + 1+ 21 ub
at 13 TeV in the LHCb acceptance
=~ 25% of the total inside LHCb
[Phys.Rev.Lett. 118, 052002]

® o(pp — ccX)~25 mb=1MHz
cC pairs in the LHCb acceptance
[JHEP 05 (2017) 074]

24



LHCDb detector in a nutshell

By design: study CP-violating processes and rare b-hadron decays

e Particle detection in the forward region (down to the beam-pipe)

e Excellent resolution for localization of decay vertices (Vertex Locator)

— Excellent time resolution, enough to resolve By — B oscillation m the large bb and

ons and from the
e Excellent momentum resolution (o(mg)~25 MeV for 2-body decays) tion at high

e Excellent particle identification to distinguish p, K*, %, y* y

e Excellent leptonic and hadronic triggers ) =144 +1 421 ub
PR R EEN av 2o 1ev i the LHCb acceptance
Iy = AN AR =~ 25% of the total inside LHCb

[Phys.Rev.Lett. 118, 052002]

® g(pp — ccX) ~ 25 mb=1MHz
cC pairs in the LHCb acceptance
[JHEP 05 (2017) 074]

25



e

LHCDb trigger scheme

LHCb 2012 Trigger Diagram ) .
LHCDb Run 2 Trigger Diagram

o O O - ——

LO Hardware Trigger : 1 MHz

readout, high Et/Pr sighatures LO Hardware Trigger : 1 MHz
readout, high Ev/Pr signatures

450 kHz 400 kHz 150 kHz
h+ e/y

> <

Software High Level-Trigger
29000 Logical CPU cores

450 kHz 400 kHz 150 kHz

( A

Offline reconstruction tuned to trigger Partial event reconstruction, select
displaced tracks/vertices and dimuons

time constraints

Mixture of exclusive and inclusive
\___selection algorithms y

Buffer events to disk, perform online
detector calibration and alignment

Full offline-like event selection, mixture
of inclusive and exclusive triggers

2 kHz 2 kHz 1 kHz
Inclusive Inclusive/ Muon and

Topological Exclusive DiM T
. opologica Har iMuon : O U O

12.5 kHz (0.6 GB/s) to storage

m% trigger efficiency: ~ 90% on muons,
P, ot W " ~ 30% for multi-body hadronic final
4 %; states

t= e |
o~ 401

26



LHCD

LHCDb data samples

Integrated Recorded Luminosity (1/fb)

[ T o N A & 1 = . M * + B (e

o o

levelled instantaneous luminosity of £ = 4 x 10* cm™2s
Run 1: ~ 3fb™! of pp collisions at /s = 7-8 TeV
Run 2: ~ 6fb™" of pp collisions at /s = 13 TeV
a(pp — QQX) o /s = 4x b- and c-hadrons in Run 2

2

—1

More than 1B of D® — K-+ events reconstructed with full LHCb data sample

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018

Year

= . 2018 (6.5 TeV): 2.19 /fb
=i ® 2017 (854251 TeVi171Mbs0r0M | i LA
= . 2016 (6.5 TeV): 1.67 /fb
| 2015 (65 TeV): 033/ | i
E 2 2012 (4.0 TeV): 2.08 /b -
= . PO RS TeVE Lty chemmmse i llocnsane ‘;"
— 2010 (3.5 TeV): 0.04 /b 2
— £ X 2
kT T R e e L B R e e -
e i L
= 5 (=9
— : 7]
E i e e o 5
= LS s
| | i =)
cp— L e 5
= &
= | o | i i | i i i

2010 2011 2012 2013 2014 2015 2016 2017 2018

LHCb-CONF-2016-005

LHCb Preliminary
Runl+201542016 data
D' > Kn

Signal: 789 million

[ R P . = NN B -

[ T

1850 1900

K'7* mass [MeV/c?]

27




LHCD

Candidates/(2 MeV

Search for D(

« 25 decays
LFV & LNV included

* Normalized with D ) = XCA ¥ el

)

— h::

Dt = ntutu D* — ntete D+ — K*e* D?
D" - au'u’ D" - n7ee” D’ = n"u"u D’
D" - nrue D* - K 'u™u DY = au*u’ D’
D" - a u'e’ D" - K'u"e DY - ntute D’
D™ - a%e u D™ - K%e u DY - au*e D’

¢+ ¢)* decays

* Analysis based on 2016 dataset (1.7 fb")

e [ LHCb
] Dl = ntptp
40004 e Non-peaking
] Total
] +
3000 3 — D+—>7r7r77
1 By Dy—omnm

2000

1000 —

2050

2000
m (7T pT) [MeV]

1850 1900 1950
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o

=)

S
l

>

=)

S
I

w

=)

S
I

Non-peaking

D" — ntete”

Df — nfete”

Total LHCH

JHEP 06 (2021) 44

—ae'u

—naeve”

”% ¢ C

‘/\b.‘( i

— K

H

Allowed in the SM, Forbidden in the SM

O!IQ

D?
D?
D?

D

D?

— K u"e
— K u'e?
— K¥e"u

L
— K e"e”

B D'onrr

| Dl Channel

Fitted yield

D+
QO— €

— (0= pu put) nt
et)

18 1004340
5 21604180
— (¢— ppt) 7 420004400
—

op—eet)mt  5320£180
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m(mTe
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LHCD

Search for DF

(5)

JHEP 06 (2021) 44

— h=¢+¢)* decays

» No signal observed, BF limits are set down to ©(107°)

« Results improve the prior world's best by up to a factor of 500

—

o

=)
|

Candidates/(4 MeV)
T

..... Non-peaking

==« Dtmwrn
==+ Dionan

50 —
E —— Total
L B Dt — atptu~
LHCb//,\\\ ’/"\\ Xy Df = wtptp-
0 =T T — 1 L | PRap—p— |
1850 1900 1950 2000 2050

Regions dominated by
resonances in dilepton
mass spectrum are
vetoed

Candidates/(4 MeV)

m

(mF ™) [MeV]

Candidates/(4 MeV)

(Al
f=]
L1

150

100

+ ..... Non-peaking

| T T
1850 1900

— ) [Sv]
ot o= (A
o =] [==]
| | |

100

(4]
=
|

N IR Non-peaking
] ==- Dfoamm
]| ==- Dronrn

—— Total
| DT = atpte

{ ER®l D = wtute

T I —
1850 1900

LHCb

—~

1950 2000 2050
m(rtute™) [MeV]

=== DVtoarrw
=—a D}omrm

= Total

\
\
\ LHCb
1950 2000 2050

m(ntete™) [MeV]

DT — ot
Dt — wrput -
DY - Krutp— —
Dt — o ptet -
Dt — atet
D+ — mrpte
DY — Ktetpy
D¥ — Ktpte™
Dt — mete™ -
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Dt —» Ktete™ -

%
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Expected | 193
= g, 2o
BaBar
CLEO bS
LHCb

LHCb
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LI RLL | LY | UL LY | T

10— 10-7 10-° 10—
Upper limit at 90% confidence

Df —» o~ ptpt
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Upper limit at 90% confidence



1LHCH
S )

PRL 128 (2022) 221801

CPV and angular analysis in D° — hhutu~

» Rarest charm meson decays observed,
dominated by resonant contributions

BD° - gt uTuT) ~9.6x 1077
RBD - KK utpu)~15x1077

« First full angular analysis with 9 fb™’
data

« DV selected from flavor specific D** —
DY7c

ND® - ztz~utu™) ~3500
ND? - KK utu™) ~ 300

Candidates per 5 MeV/2
§ H

=

II§II

n
=
T 1

- Data

1Y ==Lt

[ Dt rptp
W=t

hhhhhh
nnnnnnn
HHHHHH

ﬁﬁﬁﬁﬁ

- Data
::: — Fit
E DK K utu
''''' WDKK nta
--- Comb. backg.

W1 LA
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

1850 1900
m{itirptu) [MeV/ e
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LI_ICI‘Q PRL 128 (2022) 221801

Differential decay rate in DY — hhu* u

‘“~ 600 . LHCb qS' pre]jminaryé
dI’ i E s00F 2 b 3
= 4 =N .
dCOS gﬂd COS 9]1d¢ 12 . COS 29F+ ‘._; 400:_D atamutu -
" | L
I - sin® 26, cos 2+ AN L haats | R E
I . S 200F t -
4+ sin26, cos ¢ + = |

I- - sin @, cos ¢+ 5 1008 : ; :
Is, I, I clean ¥ é‘+ & _?D 0 v lw"f\mlu. e
null tests! i i s D 500 1000 1500
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Flavor-averaged observables (S;)

® Shown examples: SM null tests (Ss ¢ 7) [(Ss) ~ Apg]
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I'(D° - hth ptp™) —T(D° — hth—utyu™)
D(D° — hth=ptp~) + T(D° — hth=—ptu~)

Acp =

CP asym metrles < Al) From D. Mitzel's talk @ 11 workshop on "Implications

® Shown: (A) [(Ag) ~ AE};L (Ago) [triple-product-asym.] & Agp of LHCb measurements and future prospects”
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Semileptonic charm decays

* Challenge: only partially reconstructed final state

* For ete- machines such as BESIII, use the other side of the event and beam
energy to constrain neutrino momentum
* For a hadron collider like LHCb neutrino momentum can be constrained by
the D flight distance: pr (1)
” A Prompt

K : h
Origin Decay // :
b sl ks AN SO pv D ¢

- -

pr(P )+ pr(€)
* A two-fold ambiguity for total neutrino momentum can be solved by using D*
mass constraint with Do from D* - Do+
- The cone-closure method [FERMILAB-THESIS-1995-05] 34




Test of LFU in D decays

* LFU in the charm sector is a
relatively unexplored area
* LHCDb is expected to collect

. . * 5 0 O_) ! "
millions of D™ - D", D°~ eV 0 e,

events with Runs 1-2 datasets, Bso'=x eu2)¢ v

about three orders of

magnitude higher than BESIII

statistics [arXiv:1703.10695]
 Measurement on the ratio of

AL [ S R R BN B R | LR SR LR B R
FFs from 1305.1462
From S. Fajfer
BD'=mwvy) | 5 PDG 2016
B(DD% et v,) s BESIIT [1802.05492]
L ° PDG 2016 —
B(D'> K u*v,) s
—_— —— PDG 2016 —
B =K e'v,) BESIIT Beauty2018 ——
£ e . ® : LHCDb RLImIReach

€tot (ln")

€/1_ _ B(D[)_)K_e_"ue) . J\T(DO_)K'_E—'_U&:)
Re/n — , _
B DY K~ e, N(DO=K-—ptu,)

Efof(e)

in bins of g2, which can be

reconstructed with the cone-

closure method

* Uncertainties will be dominated
by systematics

07 08 09 1 11 12
R

- BESIII [1810.03127, 1508.07560
15[ SM prediction: PRD 91, 094009(2015)| ]
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b — sy photon polarization with D — K;{v

Photon Polarizationin b - sy is
sensitive to BSM

A noval method is provided to combine
the B—» K;y and D - K;e*p, to
determine the photon helicity [PRL 125,
051802 (2020)]

r b B
‘\/\M/"‘ _—r ‘ Standard Model

Q* 19Q

T b s
‘\/\N\/“ —_—— ‘ New Physics
r|g<!> Qm

® Picture taken from report of Fu-Sheng Yu

1 0 A K, ev,
[ﬁ. = 2 1] dcos B G5

& O Ty
]:.’nl .I( \:{ d “"\H’ l:! :.L l'u‘

’ —
Al‘[l -

D - K (- Knm)e*v

’
-Al'l) P

Aup =

"1 0 dl g, -
— VR Fhetmdl,. W o0
[.I[) f—[] d(“hﬂh d cos 8

1 .0 dl .
2 gt b
|:J() 65 I l] d cos ()“\ dcos B

e B - K (= Knr)y
\ 3Imfii - (J x J*)]

Sy ®
4 Aup
[1.1-1.3]GeV: ey

PRL112,161801(2014)

Aup =(6.9+1.7) x 1072

If SM <
Ayp =(9.2+2.3) x 1072

Taken from Up-down asymmetries and angular distributions in D->K_[(->Kpipi)l+v_1, by %17
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https://indico.ihep.ac.cn/event/14560/contributions/31714/attachments/15397/17560/CLHCP_Prospect_D2K1lnu.pdf

D — K,(— Kmm)e*v, at BESII

« Using 2.93 fb~! of ete~ collision data at BESIII, first observation of D? —
K1(1270)"e*v, and Dt - K1(1270)%e*v, have been both published with ~100
signals [PRL 127, 131801 (2021)], [PRL 123, 231801 (2019)].

« B(DY - K1(1270)"e*pg) = (1.09 + 0.13*092 + 0.12) x 10~3
o B(D* - K1(1270)%*p,) = (2.30 = 0.2619-2% + 0.25) x 10-3

W7 et
The yield is too small for
= ' c v S
angular analysis and Ay p o V| = —
measurement ) Ty
u < u
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https://indico.ihep.ac.cn/event/14560/contributions/31714/attachments/15397/17560/CLHCP_Prospect_D2K1lnu.pdf

Prospect of D° - K (- Knm)~ p*p, at
LHCDb

« About 2000 D*+ - D9+, DO >
K~o*tutyu~ candidates at LHCDb, 2

)
=
=

12000

~ 10000 o 10000
fb~lat 8 TeV [PRL 119,181805 - s
(2017)] = s
B(DO i K1 (_> KHH)_]J"'I)N) two ‘é j$2 ::) jg))g Model with m, = 0: Hy, =(7.98£0.91)%
orders of magnitude higher than & S TR
B(D® - K—mtu*tu) o - . .
Conservatively estimation: 10° g . R C(?SB 0
D° - Kq(— Knm)~ptv, candidates |
based on 9 fb~! at LHCb « ~10° DY = K4(— Kmnm)~p*v, signals generated
by RapidSim [Comput.Phys. Commun. 214, 239

(2017).]
« Muon mass can not be neglected
- Statistical sensitivity of Hg,:1.1% [PRD 104,

053003 (2021)]
Taken from Up-down asymmetries and angular distributions in D->K_[(->Kpipi)l+v_1, by %17
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BESIII prospects

10-6

White Paper
CPC 44 (2020) 040001

10-6

Decay Upper limit Experiment Year Ref. BESIII Expected
D° = nl¢te 0.4 BESIII 2018 [35]
0 o=
D® — nete 0.3 BESIII 2018 [35]
D° 5 wete™ 0.6 BESIII 2018 [35]
(] 0+ -
D" — Kgee 1.2 BESIII 2018 [35]
0 =
D° — pete 124.0 E791 2001 [36] 0.5
0 -
D" — ge*e 59.0 E791 2001 [36] 0.5
DP =y R0t e 47.0 E791 2001 0.5
20 fb-!
D° = ntnete 0.7 BESIII 2018 f 0.3
D s K*K-¢te 11 BESIII 2018 @ 3.773 GeV 0.4
D > K-ntete 4.1 BESIII 2018 [35] 1.6
Dt - rtete 14 BaBar 2011 [37] 0.12
D* - K*ete™ 1.0 BaBar 2011 [37] 0.46
D* - n*ne*e” 14 BESIII 2018 [35] 0.5
+ + 0 o+ ,—
D* — n*Kge*e 26 BESIII 2018 [35] 1.0
+ 0 pr+ o+ o~
D™ - KgK"e"e 1.1 BESIII 2018 [35] 0.4
D* - K*nle*e™ 1.5 BESIII 2018 [35] 0.6
\ 4
+ + ot p—
A 13.0 BaBar 201 6 fb-1@ 4.18 GeV 70.0
DY - K*ete = ’ " -
. BaBai 201 —— 1.7
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LHCDb prospects

Mode Upgrade (50fb~") | Upgrade Il (300fb™ ")
DY — php~ 4.2 x 10710 8.5 G
Dt — wtutu™ 10~* 3 5 1072
Df — K utp~ 10~° 2107
N — ppp EER e [
DY — epu 15— 4.1 x 10~°
Mode Upgrade (50fb™") | Upgrade Il (300fb~")
Dt - ntutpu~ 0.2% 0.08%
DY = nrm—utu~ 1% 0.4%
D — K—7ntut ™ 0.3% 0.13%
D - Ktn—utpu~ 12% 5%
D - KTK putp~ 4% 1.7%

A. Contu, Towards the Ultimate Precision in Flavour Physics, Durham, United Kingdom, 2 - 4 Apr 2019




Summary

« Charm hadron decays offer unique opportunities for Indirect NP searches
 LHCb & BESIII are two major players in the field:

« LHCDb: Dominant role for charm decays to all-track final states due to overwhelming
statistics

« BESIII: Advantages in reconstruction of neutrals (no/n/Kg/A/...) and invisible particles

(v/K}/n/DM/...)

* More results on the way: more decay modes currently under study & more
data in a few years

» Uncovered topics today:

« Charm mixing & CPV: See LHCb_ %75 1B &5 CPHE AT by Shanzhen Chen

« Radiative charm decays
« Charm decays into invisible final states
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