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BESII Outline

« History of charmed baryons
= The lightest c-ed baryon A

» Recent results on 1ts decays
(for the charmed baryon spectroscopy, one may refer to Alan & Paras's

talks.)

» Summary and prospects

For more details, please join the parallel session:
Charm baryon decays this afternoon.



BESIT Discovery of the charmed heavy baryon

* Not exclusively clear about the first observation
* A number of experiments which published evidence for the

charmed baryons beginning in 1975
v First hint of charmed baryon X}X*— Afw™ in BNL PRL34, 1125 (1975)
v First evidence of A at Fermi Lab prL37, 882 (1976)

« The first well established state is the AT at Markll PRL44, 10 (1980)
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BESII The charmed baryon family

« Singly charmed baryons
: (a) Charmed baryons
v’ Established ground states: T » S

Ar s, 2P,

— 0.8

v’ Excited states are being explored - ol i
(see Alan's talk) . 728 2040 4‘?
* No observations of doubly or 297 jﬁuzsso) Aot o6
triply charmed baryons = P 1 2oy
(see Paras's talk) @ Ar 7‘ e ’@%wor
» AT:decay only weakly, many recent 5 7 / M 2 vy |,
experimental progress since 2014 fé —Ae@@&’;{ mEa
> 2. :B(E. > ATm)~100%; e ;A'%zg e I
B(ZC - A:V)r) 2.5 ’ f

» Z. . decayonly weakly; no absolute
BF measured, most relative to
=Tt (nT)

» (1. : decay only weakly; no absolute
BF measured

Spectroscopy is well
described by the
quark-diquark model
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BESII Quark model picture

a heavy quark (c¢) with an unexcited spin-zero diguark (u-d)

=>» diquark correlation is enhanced by weak Color Magnetic Interaction with a
heavy quartk.

u

o d d
d * .
“ rod
C S
- Charmed meson (D*[cd]) > Strange baryons (A[uds]) - Charmed baryon (A.[udc])
my << m, = quark + heavy quark m,, my = m, =2 (qqq) uniform m,, my << m, =2 diquark + quark
Q) Q) (qq) Q)

In some sense, more reliable prediction of heavy-light quark
transition without dealing with light degrees of freedom that
have net spin or isospin.
Al may provide complementary powerful test
on internal dynamics to D/Ds does

Charm 2016, Bologna




BCSII A7 : cornerstone of charmed baryon
spectroscopy
(a) Charmed baryons

* The lightest charmed baryon Mo ﬁ(}gsm 03

* Most of the charmed baryons will | AR

R ! =.(2980) —
eventually decay to Ac j?_m_g:w) ?

pD 2.7

— 0.6

* The Acis one of important tagging
hadrons in c-quark counting in the
productions at high energy energies
and Bottom baryon decays

2770)

— 0.4

 B(AL -» pK~m™): dominant error
for V,, via baryon decay

Charmed baryon mass (GeV)

Vv_od Spectroscopy is well
@ﬂ described by the
quark-diquark maodel

00
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BESII

The A} decays

Since 1980's, the A.* have been produced and studied at many
experiments, notably fixed-target experiments (such as FOCUS and
SELEX) and e+e- B-factories (ARGUS, CLEO, BABAR, and BELLE).
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pK-ntn0 frac- § Tt =
tions pKtn® | 20 20 =gl sin0
pKomtm ¥
20 AK*KO
A — - - AntnOx0
+
not measured; nKn Antntn
assigned 1/2 X B _
sum of pK—m* Z0n0 10 10 A
and pKn® P
fractions Antn0
A pKn* B +— Axt
the normaliza- Au*vu
tion mode: _ N
50+£13% pK° Aetv,
0 0
N modes A, Z, E modes

Before 2014, absolute branching

fractions (BF) of Ac™ decays are still
not well determined

=» BFs of all measured decay modes are
measured relative to AT - pK " n*

No completely model-independent
measurements of B(AL - pK~n™):
uncertainties of BFs of A7 decays are
25%~40% in PDG2014

The sum of measured BFs 1s only
about 60%. Many missing channels,
esp., those leptonic or neutron-
involved decays



BESII

« (Contrary to charmed meson, W-exchange contribution is

A} weak decays

important
U — U ]7!' + u = ¢ $ 5
. C: d c —» — S i U
) u d d
¢ — Wé g o d |+
d —d d — U ‘ U u ]ﬂ-

 The Ac weak decay acts as isospin filter

v' E.g., Oset suggests to study the A(1405) through Ac—>nA(1405) and

A(1405) e v, which filters isospin =0 from contamination of the =1
[Phys. Rev. C 92, 055204 (2015), Phys. Rev. D 93, 014021 (2016)]

i XT“L
Ve '
U
et
wH M
C S c S < w4+ dd + 5s | Final state

( uu +dd +5s U

u ” B
d

Weak decay qq creation

 Exotic searchin A7 - ¢pr°:
an analog to the Pc statesin Ay — J/YpK~
Charm 2016, Bologna 8



BESII BESIII threshold data set

In 2014, BESIII took data above A, pair threshold and run machine
at 4.6GeV with excellent performance!
This is a marvelous achievement of BEPC!

available data set at BESIII i:% ool STLiE (00 7
Energy(GeV) lum.(1/pb) g J’ J[ BELLE
4.575 ~48 } |
0.2 + + ‘{’
+.580 ~8.5 0.,___&__.__Hﬂ_%ﬂﬁ_ﬂﬂfW Sy
4590 ~81 45 46 47 48 49 5 ;1 52 53 52.|4
4.600 ~o567 FIG. 4: The cross section f: (‘:;tjclusive )roce:e:/: o

Measurement using the threshold pair-productions via efe
annihilations is unique: the most simple and straightforward

First time to systematically study charmed baryon at threshold!
9




BESIT Single Tag (ST) and Double Tag (DT)
method at Threshold

The absolute BF can be obtained by the ratio of DT
vields to ST yields.
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BESIT  Specialties of current ongoing

experiments
RESTH Belle & Babar
LHCb
* Threshold production & « |Large statistics
two body process * High background
« (Clean background « Good PID and vertexing
« Absolute meas. with many ¢ Complex production
systematics cancel out environment
* Missing-mass technique: <+ Good hadron-ID and u-ID
neutron, neutrino ... * (Good photon resolution in
« (Good photon resolution: electron machines

> = a% ...

They are complementary!

Charm 2016, Bologna 11



=4 Belle’s first model-independent measurement
Wy belle’sfirs ode o

PRL 113, 042002 (2014)

The number of Ac baryons is determined by reconstructing the

recoiling D™ ~pr* system in events of the type
ete” - DWW prtAl

. + i + — -+
—>
Missing A7 Tagging A » pK™m
o 3000 ~ ~100
S (a) RS sample L 300} (a) RS sample L " (b) RS sample
9 > ~> ol
= ) i > O [ +
©w 2000 = | = ool
= g 200 8 7l
: 2 100 2
> 9 - o I
2 1000 2 100/ 2 ol
> >
w 0! ez W g T .
2003 201 (c) WS sample aol (d) WS Sample+ "
i 10F i
1000 (5) . R 23 1 ++. . T
05 53 35 23 22 25 2 21 22 3).3 24 25 2 21 22 (g).s 24 25
M,_..(D"pr) (GeVic?) M,ies(D"'Prr) (GeV/c?) M,,.-(D" 'pn) (GeV/c?)

N(A} - pK—nt
B(Af - pK~zn") = - (Al = pK™n")
Ny foias€(Ad = pK~7™)
precision reaches to 4.7%:

significant improvement from old world average (~25%)
Charm 2016, Bologna 12
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B'ES]]I Absolute BF's for 12 /1;—r CF hadronic decays
PRL 116, 052001 (2016)

We define an optimal invariant mass: Mgcc? = /E2,,, — p>c?

N R B T
50 -
ST yields S Aot DT yields

3 modes NPT § 200 An - Decay modes N PJ-T
2 pKs 1243 + 37 S 10f K 89+ 10
- pK—nt | 6308 + 88 ~ | - pKwt 390 + 21
3 pK g7 558 + 33 3 ¢ pKgn® 40+7

5 pKsmtn~ | 454 + 28 S 200 pKlno - pKsmtmo 29 + 6
= pK—ntnY | 1849 £ 71 = 15? > :- pK - ntr0 148 + 14

Art 706 + 27 10F Art 59 -+ 8

Art 1497 + 52 . Arntqd 89 + 11

Antrn—xt | 609 + 31 150 F Artaoat 53 + 7

$07+ 586 + 32 10f PKT'T L 20gt 39 + 6

DI 271 + 25 3 X tq0 20+ 5

TSIt Shrtas | 836443 ! L b Stata 56 + 8

‘ ‘ T Ytw 157 + 22 226 228 23 Xtw 13+ 3

Very clean backgrounds!
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BESII Results of 12 hadronic BFs

a least square global fitter: simultaneous fit to all the modes and

constrain to the total number of Az pairs.  PRL 116, 052001 (2016)

Mode This work (%) PDG (%) BELLE B

PK? 1.524+0.08 +0.03 1.15+0.30

pK~nt 5.844+0.274+0.23 5.04+1.3 6.84 £ 0.2470%
pK2r° 1.87+0.13+0.05 1.65=+0.50

pKerTm~ 1534+0.114+0.09 1.304+0.35
pK—n™n® 4534+0.23+0.30 3.4+1.0

Ar™ 1.244+0.07+0.03 1.07 +0.28
At r° 7.01+0.37+0.19 3.6+1.3
Artn~ 7T 3.81+0.24+0.18 2.6+0.7
Y Or™ 1.27 £ 0.08 +0.03 1.05+0.28
Y Tl 1.184+0.10 +0.03 1.00 + 0.34
YTrta~  425+0.24+0.20 3.6+1.0
Y Tw 1.56 + 0.20 + 0.07 2.7+ 1.0

v B(pK—m"): BESIII precision comparable with Belle’s
v BESIII B(pK n*) is compatible with BELLE's with 2o

v Improved precisions of the other 11 modes significantly

14



BESIT  Absolute BFs for semi-leptonic (SL)
AF>Alv
 No absolute measurements yet
v B(A 2 Aetv): poor precision in PDG2014 (2.1+0.6)%

v B(A 2 Autv): no measurement
« BESIIl uses the DT method and missing-mass technique at threshold:

11 ST modes are used, except 2+ w
* An optimized missing mass: U = E ;i — ¢|Pmiss|
which takes into account beam energy constrain.

B(A! — Ae'v,) = (3.63£038020)%  B[ASDAWY,]=(3.49£0.46x0.26)%

> "
D) 30 —a— data
O sl PRL 115, 221805 (2015) BESHI | —an
- prelimingry | >
o o || L other bkgrounds
= 20
§ ol 10
=
'LI" ] -]- ] TPTTIN PP L | '%
-0.2 -0.1 0 0.1 0.2 0.2 -0.1 0 0.1 0.2
Umiss (Ge UITliSS (GGV)

CIAS2 ARV ITA DA™y, ]= 0.960.16 =0.04 (preliminary)
Also See Gang's plenary talk 45




SO HFAG Fit to world BF data

« Afitter to constrain the 12 hadronic BFs and 1 SL BF,
based on all the existing experimental data
« (Correlated systematics are fully taken into account

HFAG Summer 2016

1 HFAGFit
Il BESIII 2016
Il Belle 2014

1

[ CLEO 1998
1

0.008 0.010 0.012 0.014 0.016 0.018 0.020 0.022

Mode HFAG 2016 (%)| BESII (%) |PDG 2014 (%)| BELLE (%)

pK: 1.59+0.07 [1.52+0.08+0.03| 1.15+0.30

pK m" 6.46 +0.24 |[5.84+0.27+0.23) 5.0+13 |6.84+0.241020
pKem® 2.03+0.12 |[1.87+0.13+0.05| 1.65=+0.50

pKentw™| 1.694+0.11 [1.53+0.11+0.09| 1.30+0.35

pK 7nt7%| 5.054+0.29 [4.534+0.23+0.30| 3.4+1.0 L os

Ant 1.28 £0.06 [1.24 +0.07+0.03| 1.07+0.28 -

Ant 7l 7.094+0.36 |7.01+0.37+0.19| 3.6+1.3 & 007
Artm w| 3.73+0.21 |[3.81+0.24+0.18] 2.6+0.7 <

50+ 1.314+0.07 |[1.27+0.08£0.03| 1.05+0.28 OO
AR 1.25+0.09 |1.18 £0.10+0.03| 1.00+0.34 L 00sp
Stata 464+0.24 [4.254+0.24+0.20] 3.6+1.0 m

Stw 1.774+0.21 [1.56 £0.20+0.07| 2.7+1.0 0.041-

Ae v, 3.184+0.32 [3.63+0.38+0.20] 2.1+0.6

B(A[ — pKy)

The least overall y?/ndf=30.0/23=1.3

Precise B(pK~n™) is useful for constrain V , determined via baryonic mode

16




BESII Experimental precision reaches of
the charmed hadrons

Golden hadronic mode oB/B Golden SL mode oB/B

DO B(Km)=(3.88+0.05)% 1.3% B(Kev)=(3.55+0.05)% 1.4%
D+ B(Kmmm)=(9.13+0.19)% 2.1% B(K%v)=(8.83+0.22)% 2.5%
Dy B(KKpi)=(5.39+0.21)% 3.9% B(dev)=(2.49+0.14)% 5.6%
N B(pKm)=(5.0x1.3)%(PDG2014) 26% @ B(Aev)=(2.1+£0.6)%(PDG2014) 29%
=(6.8+0.36)% (BELLE) 5.3% =(3.63+0.43)% (BESIII) 12%
=(5.84+0.35)% (BESIIl)  6.0% =(3.18+0.32)% (HFAG) 10%

~(6.46+0.24)% (HFAG) 3.7%

* The precisions of Ac decay rates 1s reaching to the
level of charmed mesons!

L HCb data will further constrain the HFAG fit

 However, search for more unknown modes are

important
Charm 2016, Bologna 17



=4 Observation of doubly Cabibbo

suppress decay A: - pK nr™
PRL117,011801 (2016)
* |Important to constraining models of W-exchange diagram
and in the study of flavor SU(3) symmetry
 DCS decays of charmed baryons have not yet been
observed: B(A+ - pK'n )<0 46% by FOCUS FLB624, 166(2005)

IIIIIIIIIIIIIIIIIIIII

O
o
<
8
+

35874380 signals

Events / 3 MeV/c?
|
|

- Bkg

9tz

M(pK n*) [GeV/c?]

* no W-exchange
=(2.35+0.27+0.21)% contribution?

=(0.82 + 0.12) tan“0, » effect of resonance
contributions of A* or A?

B(A; » pK'm™)
B(A; » pK—mt)

> B(Af » pK*r™) = (1.61 £ 0.237)97)x107*
Charm 2016, Bologna See Kiyoshi's talk 18




BESI Singly Cabibbo-Suppressed Decays of
AJS—prtn and Af—pKK-
arXiv:1608.00407

« Sensitive to nonfactorizable contributions from submitted to PRL
W-exchange diagrams
* ST method: A *->pK-=* as ref. mode

G a0t I Gl

b 200} g | Lo}

° | 020} O |

s 150p = = |

o | o [ o

T 1008, Tt I

5 Ff 10 A,

2 F a1 210

— —

S 50 - c |

> 0 O |

0 > >

£25 226 227 2.282 229 23 225 226 227 228 229 23 1 105 1. 1 1 15 1.2 125 13
Mg, (GeVic) Mac(GeVIcY) M(K'K)(GeVic?)
Decay modes Biode/Bret. (this work) Biode /Bret. ([28]) . r
AT - prnto” (6.70 4 0.48 + 0.25) x 10~~ - See Blnlong s talk
A} = po (1.81 £0.33£0.13) x 1072 0.015 % 0.002 + 0.002
AF - pKtK™ (non-¢)  (9.36 £2.224+0.71) x 10™*  0.007 % 0.002 + 0.002
- Brnodc B(PDG)

AF = prta™ (3.91+£0.28 +£0.15+0.24) x 107°  (3.5+£2.0) x 1073~ first observation

AL — po (1.06 + 0.19 + 0.08 + 0.06) x 107> (8.24+2.7) x 107* } d
A} = pKtK™ (non-¢) (5.47 +1.30 £ 0.41 +£0.33) x 10™*  (3.5+1.7) x 10~* improved precision
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BESII Singly Cabibbo-Suppressed Decay of
At —pnand A" —pn?

 B(A.f —pn)>> B(A.," —pn?)in the SU(3) flavor symmetry generated by
u,d and s.
Their relative size essential to understand the interference of different
non- factonzable dlagrams

— 120

40 <, - 3 < 27.9@ 90% C.L.
N§ E BESIII prellmlnary : > 100 - t:iagt:al curve :0'85
2 a0 [ \+ — 1),,(»«-) (a')_— % [ e background curve 0'65—
2 - i o - —total curve 04
= L + T - N 80 _ data in AE sidebal 0'2;’
2 _ 1 - : Ot D
c 20— [ . — ~ . 0 20 40 60 80 100
° Tl o1 i’ ': ] 2 60 N(A—pr?)
W LT Ry =i . 5 - It ‘]L
of L TP oty PRI
- L ] - L 40 i T | i !_f_l 1l Lrq
) : - - . - — + _,I f_l
15~ ;{d#:' e L\;J—>;n(7*+7rl_7r”) - F g l
- ----siagr?al CUI’VG* - / (b) : BESIH prehmlnary T TN T DN TR FPEY ckly Netd S T WA T |
[ [ background curve ] 855 o6 27 228 229 23
10 | —data in AE sideband ] MBC (GeV/Cz)
-- datain M_.__, sideband _
b Mjr - » BESIII prellmlnary results:
lasas - +
- jl . L - .7l
935 556 T 5T 228 220 2.3 B(A t— pJ'CO) < 2 7X1 O 4

Mg (GeV/c?)

B(A," —=pn")/B(A," —%pn)<0!24
» First evidence for A_* —pn with 4.20
2+ Npswg™ € Bine See Binlong's talk 4,

Nobs
B =




B‘ES]]I Measurements of channels

Involving a neutron See Binlong's talk

Observation of A/"2>nK.'n* Observation of a large-rate
. +_ -
s [ (a) | 20 (b) R 80_./\c+—)‘£‘1t+1t’“ ‘k BESIII preliminary
— Total fit % | ‘
A, bk _ < Nebs=161.3+15.p
+ s | I, BESIN preli = wf i
o 1 < 2 = ,'|
z A
> - F
o 10 210 = 20 [\
3 3 e, Hpbgisgte s
+ + ToksPeeguasanast
5 g T AT nnnd BESIII prelinpinary
10 a') - 10 Z
- ) . o MF -} Nebs=88 14 13.9
100 P e o 2 i
0.7 ,0.8 0.9 | 1 1.1 046 048 05 0.52 0.54 :} | |
Mz (GeV?/c?) M, +.- (GeV/c?) 2 Br _H.
B[A,/—nK'm]=(1.820.23x0.11)% 8 le M
BIA*—nK'm]/B[A.*—pK]=0.62+0.09 T '

1
0.25 0.3 0.35

B[A.—nK't*|/B[A;—pK'n’][=0.97+0.16 Myn- — M, ( GeV/c? )

to test final state interactions and isospin | B(A.2>2w'n’) = (1.810.17)%,

asymmetry in the charmed baryon sector | [Br?orig[ecls? tof)‘a_”(gki 1rigu:;’ts()%/.3~:O.4)°/o]
[PRD93, 056008 (2016)] A ) = (2.11:0,33)%
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eI More efforts in the coming years

* Era of precision study of the A_decays: BESIII/LHCb/BELLE

to provide more data for theorists to develop more reliable models

— hadronic decays:
to explore as-yet-unmeasured channels and understand full picture of
intermediate structures

— more semi-leptonic decays: Xnl™v, pK-I"v, prlv, ...
understand internal dynamics

— CPV in charmed baryon:
BP and BV decay asymmetry, charge-dependent rate of SCS ph'h-

— Rare decays: LFV, BNV, FCNC

* Establishment of absolute BFs for =_ and €2_decays at BELLE
and LHCDb

Many more outputs are expected in the coming future years.

22



BESII Potentials @LHCDb

« Huge Ac production at LHCb: ~100ub ~

« Prompt charm: using exclusive reconstruction

« Secondary charm from b-hadron decays with
inclusive b triggers

. A" - pK ™t CF yields: 0.8M in 0.65/fb (~20%
of Run | data)

Entries / ( 0.8 MeV/c?
I [} '

2260 2280 2300 2320

« CSsamples O(10°) in Run I: 30 o OMCTV_”KF;’Q[M‘?V/‘”
BF measurement and CPV ~5% of the 2011 data sample
+ 4+ ] JHEP 1312 90 (2013)
« DCSA, — pK m™ can be measured with best
precision
« Potential to set up the SL modes pK-u*v and m
pruTy

=>» size of this BF is critical to understand the internal
dynamics of Ac

. Search for CS SL mode: pr—u'v 3 A9

. amplitude analysis of Ac2>Au*v, to extract
form factors
=» input to theoretical calculation

« Raredecays: pu'u, 3u, putu, ...

pp

tag in secondary A/, decays
23



BESII

Summary

¢ In recent two years, experimental activities on Ac¢" are reviving, esp.
at BESIII & Belle (& LHCb)

¢ Threshold data at BESIII opens a new door to direct measurements

of the decays =»precise study of Ac decays

« BESIII has published several world-best results based on 567/pb data
« More efforts on hadronic decays w/ n/Z/= particles & semi-leptonic
decays

* Potential to take a larger data set for thorough exploration of A, decays:

¢ LHCb/BELLE has large Ac yields =2 large potential of best
precisions
« Search for a second SL decay: pKl*v, prl*v ...
* Precise determination of phh’ and DCS pK™z (and associate CPV)

« Hadronic weak decay asymmetry and CPV test: Ar™, AK™, p¢
« Rare decays: LFV, FCNC, ...

¢ BESIII and B factories will be complementary in Ac decays and
provide the precise measurements in the future several years.

¢ Research on absolute BFs for = and Q_ decays at BELLE and
LHCb

24



Thank you!
VI !
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BESII

BESIII negates many old predictions and
stimulate new calculation on SL mode

BF's (%) of A.* semileptonic decays

Expt 2.9+0.5 (PDG2015) qin
3.63+0.43 (BESIII) arentheses
(-0.86+0.04) P
. ' ..) with SU(6)
NRQM F,’erez Marcial et al. 3.0 (1.0) (s p)i‘r:'-Iﬂavor
('89) 2.2(0.7) suppression
NRQM Singleton ('91) 2.0
NRQM Cheng, Tseng ('96) 14 first absolute measurement of SL
RQM Ivanov et al. ('97) 1.4 (-0.812) 0.26
LFQM Luo ('98) 1.4
| Custody by H-Y Cheng
QSR Dosch et al. ('98) 3.0+0.9
Marques de Carvalho 2604 (-1)
QSR et al.("99)
NRQM Pervinetal. (05) 4.1 (HONR) 0.20 (HONR)
4.7 (HOSR) 0.27 (HOSR)
QSR Liu, Huang, Wang ('09) 3.0+0.3 (C2)
2.0+0.3 (loffe)
CQM Gutsche et al. ('14) 0.20
CQM Gutsche et al. (16) 2.78 21



BESIT  BAf— pr®)v.s. B(Af— pm)

Singly Cabibbo-suppressed modes: A .*— pn?, pn

N d & N S N d
0 0
o ") e
u u u
u . u p u N u D C N d p
d . d d . d u o
C1 C1 Cz
C d d u

7’ =(dd -uit)/\2, n=(dd +uii -s5)/\J3 for n-%' mixing angle =19.5°

A(At— pnf) = (C,+ Co + Ey- Eo- E;)/N2 It is most likely that
A(Ac— pn) = (2C1+ Cz + Eq+ Ex+ E)N3  I(Ac*— pn) >> [(Ac* py)

Custody by H-Y Cheng

27



Vub 0.02% 0.3% 12%

0( V(}KN[ ) PDG 2014
\/(:h ’ ~ 4% 2% 2%
Vekm
Vth 7% 7% 3%

_ |\/ul)|2 v G(Ab — p[t—l/”)
|\/(‘.l)|2 G(A[, — /\3‘[1, l/")
\— —

Measure this experimentally Get this from theory

Nature Physics 11 (2015) 743

Source Relative uncegen )
B(Al - pK™n7) m
Trigger

Tracking 3.0

A} selection efficiency 3.0 _ :

AD 5 N*ju-77, shapes > B(pK ™) are dominated
Ay lifetime 1.5 systematic uncertainty
Isolation 1.4

Form factor 1.0

Ag kinematics 0.5

g®> migration 0.4

PID 0.2

Total +:§

28



u u
T < " H< )
> u " > U -
8 d " 3 s K
c > c >
) 7+ 7
A W u Ac " u
d . d p d . d P
u > u u u

@ Production and detector asymmetries mostly cancelled by taking difference:
DAL = A, (K) = Ag, (1) = Age(K) — A ()

Raw Raw

@ In SCS modes should be close to zero in SM: O(10™%)

e CPV in DCS - SM even smaller CP asymmetry than SCS - possible window
to NP7

e Examine local assymetries in “Dalitz” plot, e.g. Miranda method
(Phys.Rev.D80 (2009) 096006) - local asymmetries stronger than global.

Ogilvy@Charm2015
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S Rare decays

@ LHCb published 7 — 3u and 7 — pup searches G . LF L
Phys.Lett.B724(2013), JHEP 02 (2015) 121 Sl
(o))
@ First direct experimental limits on 10° &
T — f),u+,u_ and 77 — ppfp' 10°F o <
L
@ Analogous channels for Ac: 10°
r— 3u (LEV) : Ac— 3u (|B — L| = 0) 107 m
T
Tr=pppt ([B-L|=0) : AT = pu~pu" (FCNC) 10° T

o putut (B—L|=0) : Af » putput (B-L| = 0)

@ Current limits at 90% CL:
@ BN — pu—p+) < 4.4x107°
BAl — putpt < 9.4 x10°°
Babar - Phys. Rev. D84 (2011) 072006
@ B(A{ — 3u) - no constraints.
@ LHCb should probe Af — pu~p* to O(1077) c—>

with current dataset. y u

@ After Run Il down to O(107°) d d
Ogilvy@Charm2015
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