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BESIT Introduction

« Standard Model (SM):

1964, Nicola Cabibbo

iu+ d'd’ = u + (cos? 6, dd + sin? 6, 5s)
+sinf.cosf,(ds + 5d)

1970, S.Glashow, J.lliopoulos,
L.Maiani

au+cc+dd +s's' =uu+cc+dd+Ss

Electron
neutrino
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@cusrks O @ savcesosons @ VCKJ‘LT — Vﬂd VE‘E Vﬂb
Via Vis Vi
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BESIT Introduction

 Flavor-changing neutral current (FCNC) process:

W Az o< (VieVi + VeVl + VsVl
S d ViVus + ViVes + VigVis = 0,
> > ViaVab & VeaVes + ViV = 0.
¢ ViVad + ViVed + ViVia =0,
teu ,C,u ViV + VAVeo + ViVip = 0,
VisVud + ViVed + VigVia = 0,
ViVus + Vi Vie + ViVie = 0.
y Ay o (VieVigG(my) + Ve ViG(me) + Vs Vg G(ma))
* GIM mechanism Q i
Ay ~ VieVEHG(my) ~ st ( ! )
?HH_:

0.2243 00044  0.973597 5001 0.04214 + 0.00076

0.97446 £ 0.00010 0.22452 +0.00044  0.00365 <+ 0.00012
\Verum| =
0.008967 000 0.04133 £ 0.00074  0.999105 £ 0.000032
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BESIT Type of FCNC process

* FCNC process: ST T T T T T T s ~.
NA48/2 W | w  BESIlv
: |
S d I c u :
u,c,t I d,s,b :
[ l l '
y/Z° | v/Z° :
[ ‘\ [ R
w w
l

b S t C
u,c,t d,s,b
v/Z° v/Z° l
[ [

Belle, BaBar
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BESIT Features of FCNC process

* Features of FCNC:

» Very small Branching fraction:

* 10-13~10-19 in theoretical prediction in SM.
« Enhanced to above 10-° in other model, e.g. MSSM, 2HDM.

« Hard to fully reconstruct:
« Contains at least a y (no tracks, fake y, FSR).
« Contains l*1~ pairs (identification of ).
» Contains v,;v; pairs (invisible).

« Confusable background:
« y conversion (y — ete™).
* Long-distance process (through vector particle).
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BESTT FCNC analysis at BESIII

« FCNC at BESIII (from BESIII publication page):

- DO > yy: PRD 91, 112015 (2015)
- J /1, P (3686) —» D%e*e~: PRD 96, 111101(R) (2017)
- (3686) > Atpete~: PRD 97, 091102(R) (2018)

- D*(D°) - h(h')e*e™: PRD 97, 072015 (2018)

4 FCNC out of 369 papers!
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http://english.ihep.cas.cn/bes/chnl/245/index.html

BESIIT Techniques in FCNC research

* Techniques in FCNC research:

Efficiency

 Blind analysis

Background

ALEPH D'l b 1.08540.059:0.018 Sensitivity
191-95) .
ALEPH exclusive e | 12755 b
CDF | h e 1.093:+0.066:0.028
CDI n i Moy 1.110+0.056 3 Result
[ I .17
R Curvae
ll}p:]gm; AT
DELPHI topology b 1.04540.019:0.024
L3 Tnp-n]ngﬁ\ = 1.09£0.07+0.03 i
OPAL ll:pulu;g.g =4 1.07940.064:0.041 . 4
OPAL J[I}' I ——tH 0.99:0.14" 5
16
1 {'3 <014 +0.09
.025
1037002 19,024
BABAR exclusive ol 1.082:0.026:0.012
(99-011)
BELLE exclusive jol 1.091:0.023:0.014
(99-01)
Average 1.073+0.014
M PR BT B ST AT R
06 08 1 12 14
Working G (B )it (B")
orking Group 7(B)
e Hlde results to seek the truth
= ; B B - More fields should, like particle physics, adopt blind analysis
Figure 2: Summary of B meson llf(-:;tlme ratio to thwart bias, urge Robert MacCoun and Saul Perimutter.
measurements. The average has a ¥~ = 4.5 for 13 degrees
of freedom.

“Blind Analysis in Particle Physics” Nature volume 526, pages187—-189 (2015)
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https://www.nature.com/articles/526187a
https://arxiv.org/pdf/physics/0312102.pdf

BESIIT Techniques in FCNC research
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* Techniques in FCNC research:

tag _ptag _tag

* Single-tag/Double-tag: N8 = 2N e p- - B8 . BYE . csig . 128
- Single-tag -> larger sample, higher background Bsig — ZiNiSIgt/SSig
Zi Ni a8

* Double-tag -> smaller sample, lower background

/ D*, D% A}

e_—%— et

Dong Xiao (LZU) FCNC searches at BESIII



BESIT Techniques in FCNC research (=

i,
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* Techniques in FCNC research:

e ¥ conversion veto:

Ry(cm)
Ry(cm)
=

af

* Occurs when y through matter. k| |
(Beam pipe and inner wall of MDC)  ™ces<20z4seio  Mossizozissi

Rx(cm) Rx(cm)

 Veto through vertex fit of ete™.

350
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BESIIT Techniques in FCNC research

* Techniques in FCNC research:

« Calculate upper limits:

M B B L B B | ML B R B R BB B
@ [ - @ L .
. . 3 1 1 3 % ]
o L J ol L 4
* Likelihood scan. N - :
= 08F - - 08F ]
=] u 4 ] o [ ]
E L \ J E L& 4
Zo06fF & 1 Zo0sf), 3
o r 1 o r T
- [ L ] - [ h
- 04 1 = 04fp 4 ]
H - | i H L & i
= o Ll 4 i o - -
w021 414 =®W02p . .
E C ] E . o, 1
= L ] = L "h i
2 0 = =} ﬂ....l...r‘*-- betatatatalitaditol
= =
0 & 10 15 20 25 0 1 2 3 4 5
DD o - 0 = - T
Bidiy — De’e) (=10 By(3686)—=Dee) (x 107)
i TR I k k 3 e 3 1
OlIKe packKage.
¥ ¥
TRolke Class Reference
Math - Physics Vectors a0 A
MeS(GeVic) M¥(GeVic)
(a) D* — 7wt n%*e~ (b) D = K+n%te
g g
3 mb 2.
This class computes confidence intervals for the rate of a Poisson process in the presence of uncertain background and/or efficiency. _-_73137— i';m,
The treatment and the resulting limits are fully frequentist. The limit calculations make use of the profile likelihood method. ,,s: ,n:
Author ::: :?:
Jan Conrad (CERN) 2004, Updated: Johan Lundberg (CERN) 2009 I S DU . I SR .
M(GeVic) M(GeVic)

For a full list of methods and their syntax, and build instructions, consult the header file TRolke.h.
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(¢) D* = 7+ Kgete

(d) D* = K*K%ete™



BESIT Search for D° - yy

- D° - yy: PRD 91, 112015 (2015)

[Hajime Muramatsu, Xianghu Zhao and Daniel Ambrose et al.]

* Theoretical prediction:

SM long distance
- BaBar previousresult: ~ TTTTTF 108

. —6 T 0
< 2.2%x107°, based on 250 million D". SM short ditsance

______ 10-13

* This analysis:
- Using 2.92 fb-! data taken at /s = 3.773 GeV, 20 million D°.
* Double-tag.
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BESIT

- D° - yy: PRD 91, 112015 (2015)

Search for D? - yy

[Hajime Muramatsu, Xianghu Zhao and Daniel Ambrose et al.]

- Analysis strategy:

» Tag reconstruction: 5 tag modes.

modes €lag (%) Niag €tag.yy (%)
K 'n~ 66.12 + 0.04 551800 4 936 448+04
K 35.06 002 1097113+ 1386 24.5+0.1
K*nntz~ 39704003 734825+ 1170 247402
K antaoa® 15324004 155899 + 872 90.64+0.1
K*n~nn 15.23 £ 0.04 268832 + 976 8.9+0.1
All Tags 2808469 + 2425

Dong Xiao (LZU)
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BESIT Search for D° - yy

- D° - yy: PRD 91, 112015 (2015)

[Hajime Muramatsu, Xianghu Zhao and Daniel Ambrose et al.]

- Analysis strategy:

- Signal reconstruction: AE,,,, AE,,.

Yy?

—h

=]
=k
Y

(a)

—h =
2 =
L

—

M2

10

=
(=]

MNumber events/0.015 GeV
MNumber of events/0.002 GeV

0 BRI ED e L S
-0.08 -0.04 0 0.04 0.08
AE® (GeV)

Dong Xiao (LZU) FCNC searches at BESIII



BESIT Search for D° - yy

- D° - yy: PRD 91, 112015 (2015)

[Hajime Muramatsu, Xianghu Zhao and Daniel Ambrose et al.]

* Results:
 Likelihood scan.
« Systematic uncertainties & upper limits.

Uncertainties independent of fitting procedure

Source Relative uncertainty (%)
Photon reconstruction 20
MY~ requirement 3
ST D” yields 1.0
Total 38

Number of experiments/0.05xBx 10°

10
B(D" — yy) x 10°

B(D? - yy) <3.8x107°

Dong Xiao (LZU) FCNC searches at BESIII



BESIT Search for J/, P (3686) —» D%e*e™

* ]/, (3686) » D%ete: PRD 96, 111101(R) (2017)
[ Yateng Zheng et al.]

* Theoretical prediction: 10-13~10-10
« MSSM/2HDM prediction:
enhance 2~3 order

« BESIII previous result:
» To the order of 10-5, based on 58 x 10° J /1 data.

* This analysis:
- Using 1310 x 10° J /3 data and 448 x 10° y(3686) data.
« Single-tag.

Dong Xiao (LZU) FCNC searches at BESIII



BESIT Search for J/, P (3686) —» D%e*e™

*J /¥, P(3686) - D%ete: PRD 96, 111101(R) (2017)
[ Yateng Zheng et al.]

* Analysis strategy: HHH“ H UIH Ih M
L %HHLHH B Tl

* Fully single-tag reconstruction. H ) @ ) ks 6o

- Reconstruction of D°. _, l J | ”H H ‘JHM
;_EHHH H M‘ B W

* Require a pair of e"e™ to be found. ¢ ¢ Wﬂm - ] Oy 'W‘( I'ﬂ{év' ]‘
iiHHHUH IM{ %ié;auuum lLJlHuLf

B ) T 2.4
MK Tw ) (GeVic?) MK =* HG V 2}
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BESIT Search for J/, P (3686) —» D%e*e™

* ]/, (3686) » D%ete: PRD 96, 111101(R) (2017)
[ Yateng Zheng et al.]

* Results:
* Likelihood scan.
« Systematic uncertainties & upper limits.

[T T T T T T ™ L T T T T
DY = K-zt D" = K-xta" D" = K-atata E 1 ra 7] 3 1 o 7]
I/ v(3686) I/ v(3686) I/ v(3686) E: 0 [ 1 E oab ]
Tracking* 4.0 4.0 4.0 4.0 6.0 6.0 E B E L
PID* 6.0 6.0 6.0 6.0 8.0 8.0 = [ k 2 C
y detection 12 12 = e 1 = 06 .
Kinematic fit 1.7 16 1.1 1.8 22 20 = - o
Veto y conversion* 1.7 17 1.7 1.7 1.7 17 = [ ] = L 3
Veto Kg — a7 0.6 3 DAL Z 04t
Veto Kg — n¥a~ 2.1 N L H F
Veto J/y — ete 0.1 m 0.2 . m 0.2 .
Branching fraction 13 13 3.6 3.6 26 26 E X E C e
w toial number* 055 0.62 0.55 062 055 0.62 2 gl i i S gl P TP P
Others 1.0 1.0 1.0 1.0 1.0 1.0 .[| 5 1 D 1 5 ED 25 [| 1 2 3 _4 5
Total 7.8 78 8.5 8.7 110 10.9
Biliy — DPete) (< 10%) B{y(3686)—D"a‘e) (x 107)

B(J/Y - D%te”) <85x%x 1078
B((3686) - D%te™) < 1.4 x 1077
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BESIT Search for ¢¥(3686) » A{pe*e”

+ 1(3686) » Atpete : PRD 97, 091102(R) (2018)
[ Yang Zhang et al. ]

* Theoretical prediction: 10-14~10-10
« MSSM/2HDM prediction: c
enhance 2~3 order (

[+ MWW et
- This analysis: a5, bw;?*{ )

* First search.
- Using 448 x 10° y(3686) data.
« Single-tag.

oco
-

clool
o
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BESIT Search for ¢¥(3686) » A{pe*e”

+ 1(3686) » Atpete : PRD 97, 091102(R) (2018)
[ Yang Zhang et al. ]

3 4 Daia
L _.._. Signal MC
- Analysis strategy: e T
s o
» Fully reconstruct 6 charged tracks. § “E i
- Looking at m . .o |
Ll L i

2 EDE 21 215 22 2.25- 23 235 24

 Results: M. (GeVic)
« Using TRolke package.

Sources Systematic uncertainty (%)
N Number of yw(3686) decays 0.6
up Track reconstruction 9.0
B = Particle identification 9.0
Nyisss) % BE(AD — pK—x7) 4C kinematic fit 1.0
BF of AT — pK~a™ 52
Signal region 4.0
M pa-{ M pg+ criteria 1.0
B(l[)(3686) N A+pe e ) <1.7%x10" 6 Physics model 34.3
Total 37.2

Dong Xiao (LZU) FCNC searches at BESIII



BESIT Search for D*(D?) - h(h)ete™

- D*(D®) - h(h)e*e~: PRD 97, 072015 (2018)

[ Dong Xiao, Yu Zhang et al. ] / [ o+

* Theoretical prediction: <10-° C
« MSSM/2HDM prediction: 10-6

=
=N ] 3|

« CLEO2 previous results: ) 5

+ ~105

| ﬁ

* This analysis:
* First search for D™.
« Using 2.93 fb! data at /s = 3.773 GeV.
* Double-tag.
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BESIT Search for D*(D?) - h(h)ete™

*D*(D®) > h(h)ete”
[ Dong Xiao, Yu Zhang et al. ]

: PRD 97, 072015 (2018)

* Analysis strategy:

- Tag reconstruction: 6 tag modes for D*, 3 tag mods for D°.

10" 0 » fm’
A - Vol Kkewen sE oK =
o oF " D~ decays  AE,, (GeV) £MC (%) n,
k] -
. 4 Op—tANy , Ktra (=0.022,0.021) 5047+ 0.06 755661 +022
BT T T T T T Etraa® (—0060,00M) 2465+005 2313224720
T e 0 P 15 2 Kl (=0.019,0.021) 5444+0.17 95346+ 330
N Wb Do K Wl ook Klga® (=0.071,0.041) 27442006 210535638
EE Kirta—n  (-00250023) 3180+ 0.09 119249 + 451
= o
L) S & O — KKz~  (=0019,0018) 4071+£0.16 64904+ 259
I D" decays  AE., (GeV) £:MC (ap) nig
Kta (—0.023,0022) 6464+ 003 523265 + 763
Kta (—0.064,0035) 33.60+ 001 1022607 + 1448
Ktrata (-0.026,0023) 3826+ 002 707936+ 1129

Dong Xiao (LZU)

My2(GeVich
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BESIT Search for D*(D?) - h(h)ete™

* D*(D% - h(h')e*e~: PRD 97, 072015 (2018)
[ Dong Xiao, Yu Zhang et al. ]

- Analysis strategy:

 Signal reconstruction: count & sideband subtraction & MC.

1 ] 1 1 ] ] ] 1
M3 PoLF ool T P
GpDordew 1 | skl 1 | DoKredl | Do KKew |
i i i i i i b
2 1 I R 1'% o _ —
H i i i N b D* decays AE, (GeV) Mt (GeV/c?) Mo Moy 1 mhyg = ol
! boE : I 2 | RN ! I - - - -
| i . ! ! atalete (—0.060,0.030) (1.864, 1.877) 4 0 53+07
) P R R — - — K*adeter (~0.063. 0.037) (1862, 1.877) I 0 0.5+02
=z W ! ! s ! ! i i Klatete (=0.038,0.020) (1.865. 1.877) 6 0 46+07
S forokkee | D e | Df— Kne'd KOKTeter (—0.038,0021) (1.865, 1.875) 0 0 0.2+0.1
= Lo . l E
) S A T o D° decays BEa GV) g Geve e i eak
[~}
S P 3 ! i ; 5 K Ktete (=0.044,0.015) (1.858, 1.872) 2 0 0.9+03
= : W v atnete (—0.053,0.020) (1.857, 1.873) 11 2 1L8+1.1
_n_l_n_-..a_n-l-l.u_,l_u_tl‘.l-lhlg_‘ L . K-rtete (—0.040, 0.018) (1857, 1.873) 49 1 324+17
4F | LoE | boE | | | | Vet e (~0.043, 0.020) (1.853, 1.879) 2 0 21+04
1 1 1 1 1 1 1 1 T {— y -
) . 0 wa nete (—0.094,0.031) (1.854, 1.878) 0 0 0.6+03
3ED°— rlee PF Disnde I | Deope IF D Keeteg wete (~0.086. 0.035) (1.854, 1,878) 2 0 40+06
' : i i ' : i i Kjete™ (—0.078,0.035) (1.858, 1.873) 4 0 22+05
o i i i i i i 2 B
1 ] 1 ] 1 ] ] 1
1r o i i i i i i
: : i | : i | L
{i L 1 L 1 1 1 L L 1

184 186 188 184 1.8 188 184 1.8 188 184 186 188
M iGeVic?)

Dong Xiao (LZU) FCNC searches at BESIII



BESIT Search for D*(D?) - h(h)ete™

« D*(D%) - h(h')e*e: PRD 97, 072015 (2018)

[ Dong Xiao, Yu Zhang et al. ]

Source (%) K K'etem ataete” Katele lete nete wete” Kiete ataete K'alete Kintete KIKTete
K*/n* wacking 20 20 2.0 20 1.0 1.0 1.0
K*/x* PID 1.0 10 1.0 o 05 0.5 05
et 69 28 45 08 18 36 20 39 52 67
K% o 1.5 1.5
at e 20 .. 20 e 2.0 2.0 A
[ R It . y-cowersion veto 1.8 18 18 18 18 18 1% 1.8 18 18
es u s ] MC modeling 3.0 128 246 12.6 136 131 6.6 2.1 56 49
Bis . . - 01 05 08 01 0.1 0.1 0.1
. . Total 8.0 134 252 129 139 140 73 53 82 8.6
 Likelihood scan.
» Systematic uncertainties & upper limits.
i i Signal decays B (=107 PDG [9] (x1077)
D*— =*nlete” D" K'n'eter D Kimete D" KiK'e'er
D = atalete =14
(L o (%3
D — Ktalete™ <15
o ] ] | 1 T 1 ] ] 0T — KT:J[_E_E_ <26
] ol 00z a3 oad g L0 ] .z 004 L0 002 g L0 -
W F r Dt — KUKtete < 1.1
. D' K'Ke'e DY o K Ktete < 1.1 <315
S s DV = gtaete =<0.7 =373
DY — K—gretet <41 <385
. 1 ] b o+ =
'y [T i D" = glete <04 =45
! e D' — peTe =03 <11
" Seer K + -
o = D" = wete <0.6 <18
S 0s D — Klete <12 =11
"in M .- regions:
1 I 1 I 1 I \ _— €
' s el 0015 [T o5 o wes oal 0015 a0 i [ﬂ'm 0. 2!.-]'_] GeV/ o’ <3015 _(Hr
B 10%) ['l'}. 20.0.65) Ge ',.-’1:2 =0.7
[{'}.65,'1-}.";!'}} i':‘:u:‘n.-',.-’c2 < 1.9(1 .'l-}:((:;;}
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BESIT OutLine
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BESIT BESIIlI data set & capability

- BESIIl data set: (from BESIIl physics page)

R J/¥

For v (3686)

Sample type Ecms (GeV) Run ID Event number

(Int. luminosity) Event number
Sample type Ecms (GeV) Run ID . .
On-J/y (2009) 3.097 9947-10878 {2:04'35_11')3M (Int. luminosity)
107.0+£0.8M
1088.5+4.4M On-Q(3686) (2009} | 3.686 8093-902%
On-J/ (2012) 3.097 27255-28236 (315 pb-1) lIJ{ ) ( ) (161.63+0.13 pb-']]l
52940-54976 341.1£2.1M
) 3 ) 8774.0+39.4M On-Q(368a) (2012} |2.686 25338-27090
On-JAp (2017-2019)|3.097 55861-56546 2571 pb-1) w (506.92+0.23 pb--]]l
56788-59015
Fop W (3770) <F0r above 4.6 GD
g
Sample type Ecms (GeV) Run ID Int. luminosity
11414-13988 Encrgy mi:l!_t 4.600 GV 4.ﬁl2(i:\" A.628 GeV  4.641 GeV 4.1317 i}cv 4682 GeV 4_?3 Gev
On-Y(3770) (2010)|3.773 14395-14604 2931 8+0.2513.8 ob-1 Lumi{pb~T) 566,90 103,41 519.93 548,15 527.55 166434 534.40
On-w(3770) (2011)|3.773 20448-23454
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http://english.ihep.cas.cn/bes/doc/2248.html

BESIT FCNC analysis in future

M [Gev]
(]

- On-going analysis:
« DY - h(h")e*e™, [Liang Sun, WHU]
INPG Group meeting Report]

* Analysis suggest in future:
 Update of J/i —» D%e*e™ : more data sample
« Update of J/3 - A{peTe™ : more data sample

 Search for Af - pete™ : large data sample + sufficient tag modes

» Other suggestion ? ...

Dong Xiao (LZU) FCNC searches at BESIII


https://indico.ihep.ac.cn/event/13586/contribution/22/material/slides/0.pdf

BESIT OutLine

)

Summary

Dong Xiao (LZU) FCNC searches at BESIII



BESII Summary

- BESIIl has advantages in search for c - u FCNC process.

* 4 Analysis of different kind FCNC have been carried out at BESIII,
4 papers produced.
« D° > yy: PRD 91, 112015 (2015)
. J/¥,P(3686) - D%e*e : PRD 96, 111101(R) (2017)
- ¥(3686) > Al pBete : PRD 97, 091102(R) (2018)
« D*(D°) - h(h')e*e™: PRD 97, 072015 (2018)

* Techniques are mature for FCNC analysis at BESIII.

* More data sample is needed.

« More analysis can be studied in future.

Dong Xiao (LZU) FCNC searches at BESIII 29




Thanks for your attention!
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