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Model-building: EFT-typeconsiderations>Simplified models=> UV completions
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¢)D.-XK""/ #0556% ¢<DG/ROP B #3LLEKS$$S\B.* 1IK"1
¢C6EB2K489 4.009 16 67YA4#

¢6E1489 A, pairs at threshold FGHIJA

¢7489 :<=>9?@BEAD "
20 points for R &QCD Scan: o |
500/ pb finished in May 2015 o ]

= Y(2175) resonance: 100 /pb A

= 12016: 3/fb Ds data at 4170 MeV | = |
¢5 hCLEO-c S YT
2017 Y(4260), X(3872) s | H#PY& HPIH()*+ #3!,0*+ #$%%-'#$!,"#$.()*+

2018 0O6-8B 3/ "a9(] L

Cother data sets: tau, resonance .,
scan and continuum, etc.
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Magnet: 1 T Super conducting

"#$$$2T5B5<B+,

Ref:

NIM A614,
345 (2010)
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& )*+, -+.B';%%J1"5\31
T: Y1&1"43
MDC MDC EMC
Spatial dE/dx Energy
resolution resolution resolution
CLEO-c 110 pm 5% 2.2-24 %
[L3"%'3%A@1$5%23%7'"%4'0@¢| BaBar | 125um 7% 267 %
|_Y2@ 0%%6%$6 @ 7#"7'891:3" Belle 130 pm 5.6% 2.2 %
O3LIXYL'X$L' @%4@1357'11$K| Besn [ - | <su o
1"13-X$1K @44 3%'#6 (Bhabha)
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“//F 1o T e'e ADD (/] ), near Thrs.
D™/~ KT
et . T Double tag analysis

) e 9 Tagging D (DY), / . from

hadronic decay modes
— 2 2
MBC _ \/Ebea.m o thag

9 (semi-)leptonic decay event can
be well reconstructed in the

recoil side of the tagged D (/)

" " " *
L is0e00dd: ss000met 30008

_ —
UIIliSS — EII]iSS _ ‘pIIliSS| ™~ O

D AKX SS vs. D* &P Q

Event is very clean

High tagging efficiency

Most systematic uncertainties candaacelled
Could measurabsoluteBFs

)+,0)-. /0"121"13'435"#6"7'89:;;; "#$%& ("% & +*



BESIL

"HS% SHSR(H) 4




BGS]]I T2%bb\2G+BCL=BC+F

« FCNC mode, forbidden at tree level

— Larger GIM suppression

— Short distance: BF~1 0-11 [PRD66 (2002) 014009]

— Long distance due to VMD: BF~1(-8 [PRD66 (2002) 014009]

— MSSM up to BF~10-6 [PLB500(2001)304] 'j e, c—uy via gluino exchange

G5=.H,5>5FB. =B! A=<B+,C5\ “F . . ...
— Reconstruct through D™ — D°(— yy) " S TR
normalized by D™ — DO(—» KsT®) m*.  10°p Uheerimtona@ 1)
— Peaking background from D% — om0, s &
o 10 E
G5=.H,5>5FB =BI'#$$$ or
+ T+H)D5B=E ol S
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o G=c+,)=<-E,+HF?\ T9%0C0C > 2
=
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REST T9%bb\ =F=D:.C.2>5

-1 _

(x10%) 2',9 fb , w(3770) The ¢(3770) resonance is below the threshold for D D=
: production, so the events from ete~ — ¢(3770) — DD
have D mesons with energies equal to the beam energy

(Eveam) and known momentum. Thus, to identify D" can-
didate, we define the two variables AFE and Mgc, the beam-

constrained mass:

AE =) E; — Eoeam,

. E MBCE\/E&M—IZ{)}P,
, T4 i

on Ao

PN
DO(DOar) DO%ar(D°) yy

Number of events/0.00025 GeV/c?

M:: (GeV/c?)
Cut on Mg on the tag

, : side, and search for yy in
M::(GeV/c?) AE, on the recoiling side

*52<+HD?2H.5Z>CD=,2B5</FCIH52B+205,A+,>2+B/5,2T2
_,=,5 ?5<=; .b=,</12=F?25.BC>=B52B/52.5F.CBCLCB;
) +,-)-. /0"121"13'435"#6"7'89:;:; I"4$9%6& ("%& +<

Tag D° with 5 channels on tag side.




BESII

2.9 fb-! y(3770)

.
»

-
L

Number of events/0.002 GeV
e

o N » -] ®

Major background DY-=2an" is
determined in data with similar

double-tag method. 2.9 b1 y(3770)
=7 o im0}
"0"' % 1605—
'v" 9 140:—
3 1205—
?.F
€ 100
s wf
B oof
E ¢
5

1.845 1855 1.865 1875 1.885
Mz (GeVic?)

B(D—10119)=(8.24+0.21+0.30)x 10~

2-D fit to AE in both tag side and yy sides
to determine D%->vyy yield.

B(D%—yy)<3.8x107°
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Events/(15 MeV/c?)

(+>0=,C.+F

UO#6T3A! )*+E] D.<D*G++¥)

=F? 0,+.05<B.

16
Phys. Rev. D 85 (2012) 091107R > 14
60 ('D . (0] \
K 3 =153 w 12[f]
o Combinatoric ] by | e
50 + @ ': 30 Con;l;il:ato'ric + 10 B g 10
B GELLE 5 5 [ | Combinatoric + 7"+ Signal 3 E K
40 8 T [t { ¢ 8
C s 2 || 4] . ) 6: N
L o - S [
30 . I skl DT D s F
--------------- ‘g T % 4=
207 TN + -3 P : » z t
10 \ 5 ‘ ) “ ‘-' - 0 ;/ Gl ,,_-i,.r‘v. fa! A A e 7 4a' 4 A '7-_’
N - 43 18 19 195 2 -0.2 -0.1 0 0.1 0.2
] TR T DR T~ SO D m(ry) (GeV/c?) AE ™ (GeV)
1.7 175 18 185 19 1.95 2
n R [} [} 1]
Meyy) [GeVi/c] 89:;;; 0"6 703L3"67/K"5\&1$Y%4
Source Contribution " "
Cut variation +6.8% 5$%7 2@% 7@$%
PDF shape 29 events noong 0 "
Photon detection 2 o Y04 A31#&$$4 55%71HX6#6732"7@5
K2 reconstruction +0.7% " @43 5 (
wosidentibcation +4.0% /$YL4 67 $2|37@7@@7@03X@
B(D°! KI7°) +3.3% HK"1 6"21L3

Uncertainties independent of fitting procedure

137" @L34 1$j357 @BV 44D B0334347$
5035\ *0"7 @B0351@ 7 @t % 26h1

Source Relative uncertaint9o) e .
Photon reconstruction 2.0 K"1 6"2IL3 6@k3
Mg requirement 3.1
ST DY yields 1.0
Total 3.8
tted
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{ Tree level

(a) (b)

(c) (d)

{ Figs. (a) and (b) are Structure-
Dependent (SD) radiative decays,

{ fig. (c)is the Internal

Bremsstrahlung (I1B) radiative decay.

{ (d)Suppressed by a factor of
1/M, 2, thus can be neglected.

No helicity suppression
No hadronin final state . /
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= T+H)D5K=E=F=D;.C.

150~ " " oo .
- MCBBJ7AY fgJhhgi5Z
- —¢— data
> F total fit = 0C%H L )=<-E,+HF?
2 100F——- %" bkg. T
o " I other bkg. F+,>:DCJZBC+MCB/
- i HE i
R 4o g 252C<=BFK =F=D;.C.
L . NP = p Npt NZSTO/B!
N 04 DT#
I i O'_STTO/BT,#O y
-0.2 -0.1 0 0.1 0.2
U ... (GeV)
B(D+ I !e+"e) < 30' 10" 5. Source Relative uncertainty (%
With E->10MeV ' %facking " 05

e PID 0.5

$ reconstruction 1.0
2.7

"O¢*#, backgrounds

) +,-)-. /0"12'1"13'435"#6"7'89:;; 458 ("%& +H



€ =9>>93?7">>8@"8&#$"3A())BC
e &\ 60 L[tanidiOoP3EIOUVDPRsI®

' 89:: "$1\ @$&1366

€ =D=DE3?">>&@"8&#3"3A())FC (@701363%72"7" 637F

e (& 6 L(tyzGrarGray Hsr’?® &"'22" hd5$YLK3I"@70@Y
e H(&4\ W) L(udzGrar Grdy) Hsr’8 13"50
"1 @XXOSIOBEY3 7$10@
|@*'%4 10@hR K"5\&1$Y %46
€ =9>>93?7">>&@"8&#$"3A()*+C " a$76$5%$2317@7@KB72$13
e H(&*\ 6YL(tyxGra{Gran Hsr?d 4°7"

e &\ W) L(vaxGrasGras Hsr?8

)+,0)-. /0"121"13'435"#6"7'89:;;; "#$%& ("% & +,




. J4 £
BESTI A
G | q nn q
. |
Lfﬁf=—2 o Vaib CiQi, , . .
i=7.9.10 c J"J<f !

% ()\\RI : (b)

123"4"56 &&
-$.(&00 &0

)*+,)- /0"12'1"13'435"#6"7'89:;;; 458 ("%& i



OL"A$1'/0"%&@%&' a3Y71"L'/Y113%7" O/a/]" 3DJD' ¢33E]'11$536636'
"13'3Z135734'7$'K3'A31#'1"13'6 @%53' @7'5"%'%$7'$55Y1"77133'L3A3L'@

:0$17'4@67"%53B'V*+ L3A3LARS," +..<]'.EH
R$%&'4@67"%53BRFL3A3UFTIHE)**H]*HC*+*
R3I7$%'aY2K31'N@QS$L"7@$%" RaN]!‘:?I]m&DES ¢36]'435"#6™13'X$1K@443%
@%'703"._FM@L3' K3#$%4'703":_F'3D&DF'

iB1M%" %3Y71@%$BRME L3ASUFTIEC: ) *+]'++C**.
2"#'K3'&13"7L#'3%0"%534'7$'VAE A@70Um/H+")*++]+H+G]
bOYG6F'11$536636'$X'703'X$1 X 033 I1FA@43"'63%6 @7 @A3'"%4"%' @43

X$1L'@%A367 @&"7 @%&' %3N 10#6@56' @ 70@%'"%4'K3#$%4' 703" _D'S%:
PX'43X@%@73'6@&%"L6'"PYLA'KI'5L3"1'3A@43%53'$X'alD

89:;;,'0"6'5%LL35734"'0Y&3'$13%'50"12'4" 76" 2IL3F' @716'321357347$'&37"
K37731'136YL76'X$1'70363'435"#6D

)+,0)-. /0"121"13'435"#6"7'89:;;; "#$%& ("% & )



BES]]I Previous measurements

B(DT =)\ [x107°] KTeTe™ K eTe™ ntete” n eTe™

CLEO[1] - - 2600 -
MARK2[2] 4800 9100 2500 4800
E687[3] 200 120 110 110
E791[4] 200 - 52 96
CLEOI[5] 3.0 3.5 5.9 1.1
Babar][6] 1.0 0.9 1.1 1.9
PDG[7] 1.0 0.9 1.1 1.1

. Haas et al. (CLEO Collaboration), Phys. Rev. Lett. 60, 1614 (1988).

. J. Weir et al. (MarkII Collaboration), Phys. Rev. D 41, 1384 (1990).

. L. Frabetti et al. (E687 Collaboration), Phys. Lett. B 398, 239 (1997).
. M. Aitala et al. (E791 Collaboration), Phys. Lett. B 462, 401 (1999).
. Rubin el al. (CLEO Collaboration), Phys. Rev. D 82, 092007 (2010).
. P. Lees el al. (BaBar Collaboration), Phys. Rev. D 84, 072006 (2011).

. A. Olive et al. (Particle Data Group), Chin. Phys. C, 38, 090001 (2014).

B R A L
A TETET

) +,-)-. /0"12'1"13'435"#6"7'89:;; 458 ("%& )+



BESI

3,5DC>CF=,;5.HDB.

XB4520H)DC./5?2Y
DY - K'e'e DY —» ntete”
* [
S0 188 L ¢ oo 188 | . €t ae v
E ; * et ' o .‘. ’ * - ¢ N . e
> ir== {0
Q . ¢ . . ‘. ¢
186 | . RS . 1.86 . .
.L_D. oo .... ot ‘o. ., :.o .
R . ) . o .
Q ‘: * y ¢ o g
as] v . . * .
l84 A P LA 1 84 A P I o2
= 010 005 000 005 o010 BESH 010 005 000 005 010
3,9DC>CF=,;
Dt —- K ete* DY s mete’
. . . . . ., :
188 = * , "t 188 g .
OE: - .‘.. o. . I. % * !.... * °
186 [ % RN 186 | I
SRS s a
L " . .’ . - e "
184 " 1 A an 1 84 i Lol 1 s M
010 005 000 005 0.10 010 005 0.00 005
AE [GeV]

5"7731'1L$76'X$1ly, A316Y6'N9F'"0313'703'6@&%"L'13&@F%6"13'60$"
"6""KLY3'1357"%&L3D'n03'5$%7$Y16"13'437312@%34'X1$2" ['6@2YL'
73'3%5L3$63',Co'$X'6 @&%"L'3A3%76'X$1'3"50'50"%%3LD
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BGS]]I SystematicErrors

Source\[%] Bp+_k+ete- Bptosk-etetr Bptontete- BDtom—etet

Niot 1.9 1.9 1.9 1.9
Tracking 3.0 3.0 3.0 3.0
Particle ID 1.2 1.2 1.2 1.2
MC modeling 1.1 1.1 1.8 1.8
Scale factor 3.7 4.6 4.2 5.3
Echarge Cut 0.1, 50 01 0.1 0.1
M., Cut 0.1 0.1 0.1 0.1
Signal Box Cut 0.1 0.1 0.1 0.1
Total 5.4 6.1 5.9 6.8
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TAW/X/IVY55 0,+<5..5.

Decay Upper limit Experiment Year Ref.
D1 glete 450 CLEO 1996 [14]
D1 petet 1100 CLEO 1996 [14]
D! wete' 1800 CLEO 1996 [14]
D1 KO*té 1100 CLEO 1996 [14]
D1 petet 1240 E791 2001 [15]
D1 gete 590 E791 2001 [15]
DOl K#ete! 470 E791 2001 [15]
D! ztrtete 3700 E791 2001 [15]
DYl KTK'ete 3150 E791 2001 [15]
DYl K' gtete 3850 E791 2001 [15]
DT gtete 1.1 BaBar 2011 [16]
DT ! Ktete 1.0 BaBar 2011 [16]
D1 gtrlete
DTl gtKZete
Dt 1 Ktalete
DTl KTK%te

" %Y %@X+* E

" 8915

5$YL4Y14"73 "LL$X7032
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BGSI[[ TWX/IVY55\ +FE+CFEB!"#

*CB/ ?+H)D5B=EB5</FCIH5=B
Signal decays (10 %) B/,5./+D?1 )+B/ T9 =F? TJ
Dt K et : AP( =5 .BH?C5?J

DKo ' k& A+, T[ |9B,=<- 5L5FB.

DT # KJKTete

b et 5 <+HD?5 0,+LC?5?A+,: B

ggg ﬁi{e!e ‘ P 3%5 BC>5

Doy Hocre S +B/5, 4(P(  HOO5, DC>CB.
0.00, 6.20) Gev' /e - <+HD?)5 E,5=BDL>0,+L5?

0,65, 0.90] GeV /o2 : ?CLC?52B5355Y2C.B,C)HBC+F:

CFB+2g2,5EC#=2m0C53+
/5D0 .50=,=B5 &T 5AA5<B

K/5 ,5.HDB.B+)5 OH)DC./57?
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BGS]I[ #5=</ A+, DO "  4Om:

o I"#'$%E&'()*%*+()$+(,-$+../&$' %S, ++05+&12&$*($
¢ 6,2.9%8&@'9(2%*.$1-('8*.)$*)$")2(%$;+&$%32$(2/%
o <=3$.+(%&*:/%*+()$'&2%)/00&2))21$%+$:2%,+>2&:
«  5/.3%.,2'($%+$)%/1-$%32$!"#"$%&' () *%*+() ?

Decay mode Experimental limit Brsp Br; p.
D*sXxle*e 2x10°*
Dt—atete” <4.5%10°° 25104
DY satutu <1.5%107° 1.9%10°¢
DY—wptete” <1.0x10°* 4.5%10°¢ 0) yq;
D= Xlete 0.8X10°8 QA)@e 1
u > anan
D’ nlete <6.6X10° 0.8X10 ¢ 89-”,F
0 L —4 —6
D% plete <5.8X10 1.8X 10 ($1\ $%&$@%&
. il <23% 10" I
1.216™"
551010
2.4%X 10716
gxio™»

83LL381'0"  J'ppBUO#6D'T3AD'R377D"..F'))+,*)")*H]D'
8'8"1' 8™ | qpPBUO#GD T3AD'R377D".<F*.+%)")*C]D
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In Charm hadr on decays

" Lepton Flavor Violation

(LFV) processes

" Lepton Number Violation

(LNV) processes

Violatoin

" Baryon Number

(BNV) processes

89:;;;'@6'2%13'5%2137@7@A3' @%'50"%%3L6" @70

L$N3%31&#'3L3571$%-10$7$%6F ' %3Y71$%6F | @*f

utet LFV
nletu* LFV
netu™ LFV
ntn ety LFV
pe*u* LFV
wetyu® LFV
K*K-e*u®* LFV
petu’ LFV
Kle*u* LFV
K ntetu® LFV
K*%e*u* LFV
nintetet LNV
nIn_uiyi LNV
Kfntete* LNV
K¥ntutu* LNV
K¥K¥ete® LNV
KYK*u*u* LNV
qatntetyt LNV
KFntetut LNV
KtK¥e*fu* LNV
pe” BNV + LNV
pe* BNV + LNV
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BGS]]I LFV and LNV processes

B(D° — e 4¥) < 1.5 x 10~ at 90% CL B(D" »n ppt)<22-107°
B(DF -7 ppt)<11-107°

SL13"4#A31#671@%&B@DZ@3B3 "13 4@ XX@PLL7
89::;; 7$K35%$213737@ A3

KY79:::: 5%$YL41$K3
= A "#S %&\)* $+!",&

= RaNB! J 033F0033
* LNV : c>upu* forbidden in SM

v’ Majorana neutrino: ~ 103%"23 |evel, PRD64 (2001) 114009
v’ May be greatly enhanced: ~10°"¢ with EPJC71 (2011) 1715)

H.R. Dong, F. Feng and H.B. Li, Chin, Phys. C 39 013101 (2015)

:3%6@7@26DER"7 ASB34 $% /
5%$21"1"KL3' 7$'703'RaN'8435"#6
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u u u u

W= [ w- Py w- I w- ()
U L) LK L) K

S S

(a) DY - K—n—1H1F (ZCF) (b) Dt — KOz~ 1+1+ (;CF) (c) DY - K- 7~ 171+ (bDCS) (d) D¥ — K= 7011+ iDCS)
= &50B+F2FH>)5,2LC+D=BCFEX&PZY 20, +AR 26/
e 0+..C)D; ?H5B+= .CFED&2=c+,=F=F5HB,CF60</=FE5
= K/5)5.B 0,5LC+H. DC>GBrHF?2:9%22:9%D5L52 "h7:2 q3@&26r12
g/r7X899:YsJ
= "#$$$ <+HDZT>0,+L5 CB+0:9 %
= 4H,B/5, <+F.B,=CF2=.. %505F?5FBA # Ke*v\(me") ?5<=;
¢ <+F.B,=CF2COCFE2>=B,CO25D5>582t7

« K/5 ,5.HDB.B+)5 OH)DC./5?
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BESIT 1 _ &PZ 0,4+<5..5.

D+ ->Lambda -bar(Sigma -bar)e+
T. %&=>)?=2 5

T[2%F)=, 5[
T9 %0)=,25[
SLI67"17347 89:;::F "@K3%3XEB2703X@%0"12 4"7"637

(@]
Y
(@]
Y

<

9 . \w 9 - \q -
D+O

Many standard model (SM) extensions and Grand Unibed Theories (GUTS) —<

as superstring models and SUSY predict proton decays. In this case, baryo o
number is violated while the berenceA(B! L) is conserved. /

In the assumption of the heavy bosons X (4/3e) and Y (1/3e), there exists
baryon number violation processes wi@)X u or c(u)Y d(s) coupling.
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BESII
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© 1__Summeri6 | &)
S O X 10°?
QL v v 2 T
o 107° f o V| LF
- o o ® ,%0v o 2 [ &
o
ot} ¢ 9@ . o 0t |
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10°° F |
) 107" |
1077 f o
107"
105 | v E653 > BaBar
¢Q E791 A Focus . 1
@ CLEO © LHCb 10 [
-9 Il 1 1 1 1 Il Il 1 1
10 S O O o I [ ¥ SO E I S SR SRR A > BaBar VvV E653
’QJ 3 'QJ I X ’13. 3 iQJ Hi 3 'QJ ’U I X 'QJ 3 I 3 10—9 1 1 T - T 1
+ o+ + 4+ 4 b - A
N v © 3 @ 3 o ) [ [ I | | oo+
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& . n anns
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| <?2@==A&H("> .B>$H#$&>("#$%>'&(#)0

SM |predictions

10~

o2 | Cabibbo favored Experimental reaches
103 | Singly Cabibbo suppressed

10% | Doubly Cabibbo suppressed 1 CLEO-c

:z: Radiative decays D’ — E*Oy/ oy pyl wy | BESIII

107 | Long distance: D' —=K™y/p'y D:—=K"y/p'y BESIII final/B factory

10 | Vector meson Dominance D° — yy /VV'(— )/ hV (— ][)/hh'V(-—> /1) L LHCb
10-9 Super-B

10-10 Super-t-charm
Short distance FCNC D’/ D* — yy /VI'l" | hI*'l” | hh'T*I
10~ ,
0 + -
10712 b HH
1013 D() — e+e—

> W'@K$ R@

1015 D— (h)u+e—
. Forbidden decays: LNV, LFV,BNV D — (hh)e*e* | (hh)u*u® -

)*+,)- /0"12'1"13'435"#6"7'89:;;; 458 ("%&



BESII

K/=F-.u2

"OB,=2.DC?5.W
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BESI

S N NSMRie  faeatle € (%] Asys [%] 00 B[x10~°]
DT 5> Ktete™ 5 69 0.08+0.01 22.53 54 194 <1.2
DT 5> K ete™ 3 55 0.08+0.01 24.08 6.1 102 <0.6
DT 5> xtete™ 3 65 0.094+0.02 25.72 59 42 <0.3
DT 5> xete™ 5 68 0.06 +0.02 28.08 6.8 205 <1.2

= (03136 . @6'367@2"734"QDMEM " P$&1"2F"%4' 703 YII31'L@2@7'$X'
K1"%50@%&'X1"57 @$%'@6'5"L5YL"734'K#"

S
B < 90

tot '
Nt

= 70313 N9t = (1.681 £0.032) x 107
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RECSTT 4P, 0+<5.5 4 Xv W wA2
E+D?5FCF?C,5<B20,+)5+A2P3

cleanexpsignaturerobusttheorycalcg highsensitivity

OXX357 @B3$1#B$43L @%4313%4348H51 @17 @$%06

4G1 r I C 1 =1,2 Tree
Heft = _ﬁhl"'tq Z\C""O"",_*_gg_l_ Z A2 Onp i=3-6,8 Gluon penguin
2 Nt =T Photon penguin
Left handed Right handed, i=9.10 EW penguin
% suppressed i=S8,P (Pseudo)scalar penguin
l@XX313W$B366360"A3 63%6@ 7 @ ASRH@AC31HR/' 7516
Operator O; Bs,d — szd/,L_*_,U,_ Bs,d — ,LL+,LL_ Bs,d — Xs,d“/
07 ~ mb(S_LO'I“/bR)F#,, v v
Oy ~ (57"b1) (Ty0) /
O10 ~ (S.9"bL) (Py57,.0) Ve v
Os.p ~ (5b)s p()s p (V) v

)*+,-)-. /0"121"13'435"#6"7'89:;;; "#$%& ("% & -36



