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BESIII Experiment

‘ Linac: The injector, a 202M long
electron position linear accelerator that

can accelerate the electrons and
™ positrons to 1.3 GeV.
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BESIII Experiment

ot i - A powerful general purpose detector.
B Linac: The injector, a 202M long :- Excellent neutral/charged particle detection/identification with a large coverage.
electron position linear accelerator that : v Precision tracking

A can accelerate the electrons and : v Csl calorimeter
S Ssss=== positrons to 1.3 GeV. : v PID via dE/dx & Time of Flight

EMCAL: CsI(TI) crystal
MDC: small cell & Gas: AE/E=2.5 @1GeV

He/CsHg (60/40), 43 layers g
0p/p=0.5%@1GeV, Gaeax=6% 1 ! =
; v | 11 jt/

BESIII: Beijing Spectrometer 111,
the main detector for BEPC II.
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Crystals: 28 cm(15 X,) :
Barrel: | cos0]<0.83
_Endcap:

iRinner: 63mm;
§R outer: 810mm
:Length: 2582 mm

fETOF: 48 scintillators for each :
MUC: 9 layers RPC Time of Flight MR':,cén__'_ :e::-sETcheac :

(8 layers in Endcap) or=100ps in Barrel
oro=1.4"~1.7cm 110ps in Endcap

accelerator with a circumference of 237.5M.
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BESIII: Beijing Spectrometer 111,
the main detector for BEPC II.

BESIII Experiment

Linac: The injector, a 202M long
electron position linear accelerator that

can accelerate the electrons and
= positrons to 1.3 GeV.
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‘ WM The storage ring: A sporss track shaped

accelerator with a circumference of 237.5M.
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:- A powerful general purpose detector.

:- Excellent neutral/charged particle detection/identification with a large coverage.

: v Precision tracking
v~ Csl calorimeter

v PID via dE/dx & Time of Flight

MDC: small cell & Gas:
He/CsHsg (60/40), 43 layers _ :
0p/p=0.5%@1GeV, Oyeax=6% S| B
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Crystals: 28 cm(15 X,) :
Barrel: | cos0]<0.83
Endcap

iRinner: 63mm;
§R outer: 810mm
:Length: 2582 mm

; ! BTOF two layers
ETOF: 48 scintillators for each
MUC: 9 layers RPC

MRPC --- new ETOF
(8 layers in Endcap)
orp=1.4~1.7cm

Time of Flight
or=100ps in Barrel
110ps in Endcap
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BESIII: Beijing Spectrometer 111,
the main detector for BEPC II.
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Linac: The injector, a 202M long
electron position linear accelerator that
can accelerate the electrons and

SRS positrons to 1.3 GeV.
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:- A powerful general purpose detector.

:- Excellent neutral/charged particle detection/identification with a large coverage.

: v Precision tracking
v~ Csl calorimeter

v  PID via dE/dx & Time of Flight

MDC: small cell & Gas:
He/CsHsg (60/40), 43 layers
0p/P=0.5%@1GeV, O4edx=6%
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New Physics Searches at BESIII

New Physics |Channels Publications
ete” — ylsm’,y’ — 1T PLB774, 252 (2017)
Dark Photons |eTe™ — m v —ete” PRD99, 012006 (2019)
ete” = 'y, Y = ete” PRD99, 012013 (2019)
. J/v — ¢n/n’,n/n" — invisible PRD87, 012009 (2013)
Invisible Decays| 7,0 16w /¢ — invisible PRD98, 032001 (2018)
. . ) (3686) — = J /1, J/p — A, AY — p T~ [PRDS85, 092012 (2012)
nght nggS 0 0 4+ —
J/p —~vA°, A° =t PRD93, 052005 (2016)
J/p — ATe” +c.c. arXiv: 1803.04789
BNV/LNV D — Krete™ arXiv: 1902.02450
LFV J/p —etu” + cc. PRDS87, 112007 (2013)
CV J/p — vy, v PRD90, 092002 (2014)
DY — vy PRD91, 112015 (2015)
J /1 /(3686) — D te” PRD96,111101-R (2017)
FCNC N
D — h(h')eTe PRD97, 072015 (2018)
Y (3686) — Afpete” + c.c. PRD97, 091102-R (2018)
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New Physics Searches at BESIII

New Physics |[Channels Publications
ete” — yisrY, Y — [T1~ PLB774, 252 (2017)
Dark Photons |eTe™ — 09,7 —eTe” PRD99, 012006 (2019)
ete” =10y, v —ete PRD99, 012013 (2019)
.. J/p — : — 1nwisible PRDS&7, 012009 (2013
lnvisible Decays J% — 22% f]?Z —s invisible PRD98, 032001 520183
I3 . ) (3686) — wrw— J /4, T/ — yAY, A® — pTp~ [PRDS5, 092012 (2012)
ight Higgs 0 A0 i
J/p —~A°, A° — utp PRD93, 052005 (2016)
J/p — Afe” +c.c. arXiv: 1803.04789
BNV/LNV D — Kmete™ arXiv: 1902.02450
LFV J/p — e u” + cc. PRDS87, 112007 (2013)
CV J/) — vy, v PRD90, 092002 (2014)
DY — ~v~ PRD91, 112015 (2015)
FONC J /1 /1 (3686) — D%eTe” PRDY96,111101-R (2017)
D — h(h)eTe™ PRD97, 072015 (2018)
) (3686) — AfpeTe” + c.c. PRD97, 091102-R (2018)
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01 Dark Sector

« Numerous astrophysical observations strongly T2 2D D
suggest the existence of Dark Matter(DM) which "¢ 2 2 ¥
provides a hint of dark sector (hidden sector). -9-9-9| 9],

» There might exist some “portals” that connect the SM ~ © == == = e ]

Standard Model
sector to DM sector 50

Portal | _ Particles _ Operator(s) A Hidden Sector

R ~ Zeos oy Bur ™
“Axion” | Pseudoscalars +F, S o Gw,,Gf’ Y a;a¢7“75¢
“Higgs” Dark scalars (,LLS +ASHH'H

“Vector” ; Dark photons

“Neutrino” |Sterile neutrinos ynLHN
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01 Dark Sector

» Postulate an extra U(1) gauge symmetry, and the corresponding

gauge boson is called dark photon or U boson, ', A’, Z/,

* |t can decay into light DM particles yx
. or decay into the SM qq, (¢, v

« direct and very weak interaction
« kinetic mixing with the SM photon, or mass mixing with the Z

b = (gej’EM S oty C) %a

e mixing strength ¢ = \/o//ac ~ 1072 — 107° (could be smaller)
« mass ranges: MeV/c® — GeV/c? (ez suppressed by (mas/mz)?)

A resonant structure in the invariant mass spectrum
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01 Dark Sector: dark photons

» First search for dark photon in E.M. Dalitz decays .

Jly = ny',y — ete™  PRD99, 012013 (2019)

Jly — n'y, vy = eTe™ PRD99, 012006 (2019)

e

* Check narrow peaking structures in the me4.- distribution

PRD99, 012006 (2019) PRD99, 012013 (2019)
oo 0 @) 10° (@) it T e e m e MG
L —_ 1 02 = [ EOE s “MC I p—e'e MC w-—>e’e MC
200 ll ‘\'{, L ) —q:—)e*e' MC Combined
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Data/ Fit Events /(20.0 MeV/c?) Data / Fit Events /(20.0 MeV/c?)
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01 Dark Sector: dark photons

* No obvious peaking structures observed

» Fit to me+- Of data to obtain signal yields (w, ¢ regions excluded)

* Combined limits at 90% C.L. on BF and € (Bayesian approach)

B(y — PY)B(Y — eTe™) By — Py') e
P=n" <18x107%—-2.0x1077 <6.0x1078—-7.8x10"7 3.4x1073—-2.6x10"72
P = <1.9%x107%-9.1x10"7 10~3—-10"2
PRD99, 012013 (2019) PRD99, 012006 (2019) PRD99, 012006 (2019)
E G so . — ]
T - @ 1
| F oMMMMMMM i OMW\ | .
| : _10_ 50 | N
= 4= () E
4 F B
0

N -

10'1 C 1
1 2 GeV/c?
w‘°'zw m, (GeV/c?) m, (GeVie’)

M(e* e) (GeV/cz)
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01 Dark Sector: invisible decay

 In the SM, quarkonium states can decay into neutrino and anti-neutrino
pair via virtual Z% boson with very low expected BFs

Bw — w)=84%x10""% B(¢p - vv) =58 x 10712

« However, if singlet scalar, mode TAve | DA
pseudo-scalar or vector BR(Y(15) = xx) | 42> 1071 1.8 x10
. . BR(Y(1S) = vi) | 9.9x10°°
(portals) exists, and mediates - 4
the SM-DM int X + BR(J/V — xx) 2.5 x 10 1.0 x 10
© S M-V Inferaction, 1 BR(J/U — viv) 2.7 % 1078
can alloW qulVlSlble decays of BR(1 — xx) 2 4% 10-5 | 1.4 x 104
SM particles to DM particles.  gr(,/ — ) 27107 | 1.5 x 10-°
 The branching fraction of BR (7 = xx) 1.3x 1077 | 5.3 x 107"
invisible decay might be BR(xco(1P) = xx) | 27x 107 | 1.2x 107
. —8 —8
enhanced 1n the presence of BR(¢ — xx) 1.9 > 10 . 7.8 %10 .
light DM particles. BR(w — xX) 7.2 x107° | 3.0 x 10~

B. McElrath, eConf C070805, 19 (2007) ;4
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01 Dark Sector: invisible decay

» First search for J/w — nw/¢, w/¢ — invisible PRD9I8, 032001 (2018)
« Recoiling mass (against #7) is defined as M”_ . = \/ (Ecy — E;)? — |?|§ﬂ

recoil —

¢ — v > PRD98, 032001 (2018)
’ 3 [—$— J/y data I Jy->mMe
recoil direction @ —  f Jhy—on, o—anything MC [l Jry—on, o—anything MG
" T “© [ signal MC (o—invisible) 1 Side-band data
i 2 . S [[__] Signal MC (o—sinvisible)
' ’ L [ 6 B ?
' v » . (D o
/ - —
J/Y ,2° S L[ | LA
o |
E : 4 I‘ ® o:]u]u
ot | Ll
c 2 B Hl.| ’| I N |
tag direction 0 : o lh.l | h!u!L
n—n'wa’oryy 0.4 0.6 0.8 1 1.2

MY ., (GeV/c)
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01 Dark Sector: invisible decay

- Fitto MY_.. to obtain signal yields

* No obvious signals found, upper limits set at 90% C.L.

AB(w — invisible)

_5 RB(¢p — invisible)
B(w — ntrn—r0) <38.1x10 B(p - KtK™)

B(w — invisible) < 7.3 x 107 RB(p — invisible) < 1.7 x 10~

<3.4%x107°

PRD98, 032001 (2018)

N, =1.4+£3.6

PRD98, 032001 (20118)
N¢—14+36
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s [t ! | “.y’ : - $ . s i
WIS R T

0.6 0-8 1 T 0.4 06 08 1 1.2
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02 BNV/LNV: J/y — Aje‘ +c.c. z..*

« Many SM extensions and Grand Unified Theories, such as superstring

or SUSY, predict proton decays. In this case, baryon number 1s violated
while the difference A(B-L) 1s conserved.

* Since the matter—antimatter asymmetry in the universe is an observable

fact, the negative result from proton decay experiment does not imply
BN i1s conserved.

* Searches for new physics at collider experiments are complementary to
those at specifically designed non-collider experiments.

16
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02 BNV/LNV: J/yy — Afe” +c.c. Q

arXiv: 1803.04789

First search for S0k of
Jly—> Ne +c.c.,Af - pK =n* ;:8 2
Check M, k. distribution % i - 3224 Y e
g
No events found 1n the signal window £ o) l
< H LI B

. 2 22 24 26 2.8
Upper limit at 90% C.L. on BF M, x—ns (GeV/c?)

BJly — Ae”+c.c) <69 X 1078

The first BNV search in quarkonium decay products.

More than two orders of magnitude than that of CLEO’s measurement
in the analogous process D’ — pet +c.c.

17
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02 BNV/LNV: D — KrzeTe™

 Observations of neutrino oscillation shown that the masses of neutrino
should not be zero.

» Theoretically, the leading model accommodating the neutrino masses 1s

the “see-saw” mechanism, in which the SM neutrinos can be Majorana
particles.

» The Majorana neutrinos can be searched through the process violating
the lepton-number (LN) conservation by two units (AL = 2).

d d s s
(a) DY 5 K—#x 171t (CF) (b) Dt - K7~ 1T1t (CF) (C) DY - K7~ 171t (DCS) (d) Dt - K—#01T1t (DCS)

18
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02 BNV/LNV: D — KrzeTe™

« Check mpgc, no signals found

Events/ 1.0 MeV/c?

19
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02 BNV/LNV: D — KrzeTe™

+ Check mgc, no signals found ™
10

« UL at 90% C.L. on BFs o 10°
X 10°

BD? > K netet) <27x107°8 ..

BD* - Kdnetet) < 3.3x 1070 & 10°}
L 10—4:
B(D* — K nl*e*) <8.5%107° '

| C
D 10° ¢

10° |

107 |

108

arxXiv: 1902.02450

.........................................

F B > K etuyletn):
TN DTN A

b)

0.3 04 05 06 07 08 0.9 1
my, (GeV/c?)

Events/ 1.0 MeV/c?

15}

10

a
I LI

o
T 1=

-
o

(6}

o
1T 1—e
—9
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02 BNV/LNV: D — Krete™
arXiv: 1902.02450  arXiv: 1902.02450

* Check mgc, no signals found ::4 o sE DO K pmptet]
] a) ]
« UL at 90% C.L. on BFs - 10° : E
X 10°F : .
BD° - K n7etet) <27x107° 8 _, ;\/\/\o/\/\/\\: -
27 B’ Ketyyletn): -
BD' — Kdn~etet) < 3.3 X 1070 5 10° prrrommommomppy N
— - 0+ ,+ —655104% () E
RBDT - K neTe™) < 85% 10 S 10°k <% +-
S b W > :
g i
"’;;E BD° - Kletvy(eTn)? o .
10° 53 0% 05 06 07 08 08 1 — ]
my (GeV/c?) }é& I
10 T q>) i
The resultant ULSs on the ; © L ]
mixing matrix element [VeNl2 WEBDY - K-etuy(etn) :
as a function of my provide 10° .
additional/complementary e :
information about the bounds >° ]
1 i
)3 ) (d) ;
on the |V.lin D meson decays EBDO — Kletuy(etn) i
10° 1.89
1—\(771N7V6N(7nN)) o |VeN(mN)|4 10"
L(mn, Voy(mn)) Vo (my)|* [ ST TSTTIUT I

03 04 05 06 07 08 0.9 1

my, (GeV/c?) 1
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03 FCNC

* In SM, FCNC 1s strongly suppressed by GIM mechanism and can happen
only through loop diagram, leading to a very small BF theoretically.

* The suppression in charm decays 1s much stronger than those in B and K
system due to stronger diagram cancellation than the down-type quarks.

* Sensitive to New Physics.

[ w (dcosOc + ssinf)

| i . 3 ¢ |
| VAR Z° /V b:J{<£
| j W_J.\-‘Fb ;‘_‘.\:\;’ & u |
0 | c u |

l (c_fcos Oc + 8sinde)

q q g
(a) I (b)
LD contributions

Figure 7.15

(scos - — dsinfl)

(§cos i - d'sin 0c)
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« Most of the
previous DO limits
are at the level of
10-5~10-4

- LHCb observed
some four-body
decays of
DO—hhu*u- at
10-7 level

- BESIII could
make best
constraint on all
of the above e+e-
modes

03 FCNC: D — h(h')e™e™

Decay Upper limit Experiment Year Ret.
D® — 7lete” 45.0 CLEO 1996 (14
DY — nete~ 110.0 CLEO 1996 (14
D' — wete™ 180.0 CLEO 1996 (14
D? — KC%%e 110.0 CLEO 1996 [14]
DY — pete” 124.0 E791 2001 [15
DY — ¢ete” 59.0 E791 2001 [15]
D? — K*%¢te~ 47.0 E791 2001 [15]
DY — ntrete” 370.0 E791 2001 [15]
D’ — KtK-ete™ 315.0 E791 2001 [15]
D’ — K rntete” 385.0 E791 2001 [15
Dt — ntete” 1.1 BaBar 2011 [16
Dt — KTete™ 1.0 BaBar 2011 [16]
DT — ntalete
In unit of 10

Dt — 7t Klete™
Dt — Ktnlete~
Dt — KtKOte

23
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03 FCNC: D — h(h))eTe™ PRD97, 072015 (2018)

24
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03 FCNC: D — h(h))eTe™ PRD97, 072015 (2018)

- Double Tag analysis
Absolute BFs

Event is very clean, bkg very low
High tagging efficiency

Many sys. uncertainties cancelled

25
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03 FCNC: D — h(h))eTe™ PRD97, 072015 (2018)

x10° x10° x1

150 F 40 b
r D> K'nrm D'— K*ntn'n®

- Double Tag analysis
. Absolute BFs

e 1% i s 186 ims s 18 L - Event is very clean, bkg very low

. High tagging efficiency

- Many sys. uncertainties cancelled

Events/(0.0006 GeV/c?)

1.84 1.86 1.88 1.84 1.86 1.88

150 F 150

100 | 100:‘

s0 | 50

1.84 1.86 1.88 1.84 1.86 1.88 1.84 1.86 1.88

M::g(GeV/cz)

26



D — h(h))ete™ PRD97, 072015 (2018)

03 FCNC

1.86 1.88

1.84

1.88

1.86

1.84

1.86 1.88

1.84

©

= [0

~ 3

- c

g S

2 2 = 8

qu o O =

- S c

> c QO g

O G o

- mn_ﬂe

aSWem

LL (@))

gBe.mu.

o , 8 ¢

©® 5 E = >

e c

b%m.mva

5 < W I =
@)

Doooo

1.88

1.86

1.84

x10°

1.86 1.88

1.84

x10°

1.88

1.86

1.84

x10°

(2/A9D 9000°0)/SIAY

1.88

1.84

1.84

1.86

1.88

1.86

x10°

150

100

50

x10°

1.88

1.86

1.84

1.88

1.86

1.84

(GeV/ch)

tag
BC

M

10 |

Data

Inclusive MC
Sideband’

1.88

1.86

1.84

27

(GeV/c?)

sig
BC

M
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03 FCNC: D — h(h))eTe™ PRD97, 072015 (2018)

Events/(0.0006 GeV/c?)

x x10° x1

150 F

D'— K'nnn®

100 F

50 F

1.84 1.86 1.88 1.84 1.86 1.88 1.84

40

1.86

1.88

30

20

10

<

- Double Tag analysis
Absolute BFs

- Event is very clean, bkg very low
High tagging efficiency

- Many sys. uncertainties cancelled

1.84 1.86 1.88

1.84 1.86 1.88

Event/(0.003 GeV/c?)

10 |

L ' ' L ]
L D'>K'nleer | D' Kgn"e*e:'

aL

D?—) K'n"e":e'

'-' . s . s l L e o . s
Events/(0.0045 GeV/c?) |
()
[—)

=

0.5 ,
M,..(GeV/cY)

 Dominated by the LD bremsstrahlung and (virtual)
Data esonance decay contributions in the lower and
Inclus  Upper regions (dot lines) [JHER 04, 135(2014)],

sideb:* V- distribution is divided into three parts and the

BFs are obtained in the individual regions. 28
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03 FCNC: D — h(h)eTe™

0.5

0 0.01

D*—> n*nlete”

0.5

D*— K*'nlete

b

0.02
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0 0.02 0.04
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0 0.02

0.04

0.06

0.02 0.03 0.02 0.06  0.08
1
D> nete
0.5
L 4 4 4 1 4 1 4 4 l 4 L L L l 0 [ 2 4
0 0.005 0.01 0.015 0 0.005 0.01 0.015 0 0.005 0.01 0.015 0 0.01 0.02
B (x 107)

The likelihood distributions for all the signal modes are shown above, the ULSs on the signal BFs at
the 90% CL are estimated by integrating the likelihood curves in the physical region of BF>0

29
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03 FCNC: D — h(h)eTe™

0 )
D*— n*nlete D*— K'nlete D'— KK'e*e

0.5 | 05 | 0.5

L L [ 1 l L L L l
d o Jd
0 0.01 0.02 0.03 0.04 0 0.02 0.04 0.06 0 0.02 0.04 0.06 0 0.02 0.04 0.06

LA ) 1k 1t Pa

Signal decays B (x1072) PDG [9] (x107°) .
Dt — 2t et o 14 UL for D+ are obtained for
g: - gﬂfe:e‘ <;2 the first time.
— KirTete <2.
D+ — KOK et e <11 » UL for DO are greatly
EOE o =33 improved.

—> T T € é . . . . . .
DO s K-ptetet 41 <385 e Divide the Mee distribution
D> nete” = <45 of K-m+e+e- into 3 regions
D° = pete <0.3 <11
D° > wete <0.6 <18 to help separate LD effect.
po — Kdete™ <1.2 <11

in M, ,- regions:
0.00,0.20) GeV/c? <3.0 (1.5%59)  TheoreticallJHEP, 04, 135 (2014)] calculation: JBot=1.6x105

0.20,0.65) GeV/c? <0.7 . ol (D B 5
0.65.0.90) GeV /> <19 (10%93) Experimental result: #0t=(2.51.1)x10 |
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03 FCNC: w(3686) > ATpeTe™ +c.c.

» First search for y(3686) > ATpeTe™+c.c.
* Check M,k distribution, No events found in the signal window

» Upper limit at 90% C.L. on BF

+5 - -6
B (3686) = ATpeTe” +c.c.)) < 1.7Tx 10 PRD97, 091102-R (2018)
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| @ T BESI
Summary
- Seven latest analyses (dark, BNV/LNV, FCNC) are introduced.

. Good electron/positron ID@BESIII, thus we have currently the
best constraint on the channels with e+e- pair.

. Largest threshold charm data@BESIII, thus we have almost
background free results with DT method.

- We have 10 B J/y data@11 Feb. which is nearly ready for
navigation.

- More results on new physics@BESIIlI are coming soon.
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Summary
- Seven latest analyses (dark, BNV/LNV, FCNC) are introduced.

. Good electron/positron ID@BESIII, thus we have currently the
best constraint on the channels with e+e- pair.

. Largest threshold charm data@BESIII, thus we have almost
background free results with DT method.

- We have 10 B J/y data@11 Feb. which is nearly ready for
navigation.

- More results on new physics@BESIIlI are coming soon.

Thanks for your attention!
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01 Dark Sector: dark photons

Upper limit of number of y' signal

Total number of J/y /
— ’ \ Ny
B(J/Wy - yn)X B —»ete”) <

N1/¢°B(77(')—’F)’E
Branching fraction of 1 to a final state/ ]

Mixing strength Detection efficiency

BU/Y - y'n")
BJ /Y - yn)

3 2 2
Az (mlz/t/ﬂ Mo, M)

2lF (')(m,z,')|2 .

/ J/¥n

Form factor for JAp—y*n() transition

3 v,

M. Reece, L.-T Wang, JHEP 07, 051 (2009)

evaluated at y' mass 2 4m2m?
3 2 2 2\ m; mp;msy
3 AZ - A /2 (m1; mz, m3) - (1 + m2 _ mz)z — (mz _ mZ)z
|Fl/1l’77(') (my,)|2 = e A =M, 2s) 1 2 1 2

| 4
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