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* In Standard Model (SM), Flavor Changing Neutral Currents (FCNC) are forbidden
- FCNC decay : DY— yy /D% — 'y~

- FCNC could be enhanced by new physics

BRg(D*— yy) ~ 107" BRg,,(D— pu) ~ 10 13
BRyssm(D"— vy ) ~ 10~ BRcory(D'— pp) ~ 10 70—10 710

- Experimental results (upper limit CL=90%)

BABAR : BR<2.2 x 10 ° PDG(2012) : BR<1.3x10°
BESIII : BR<4.6x10 ¢ CDF,HERA-B: BR<2.5x 10
CLEOc : BR<8.63x10°° WA92,E771 : BR<4.1x107°

 Search for rare decay as a sign of beyond SM

Sensitivity accessible (@ PANDA?



* UNIVERSITAT Mz

ﬁ HELMHOLTZ

| GEMEINSCHAFT

Helmholtz-Institut Mainz

- Expected number

annes GUTENBERG

High Luminosity : L =2x10cm™s™', t =120 days(year)

Expected N Ny =L, xox¢ ';;1'06 nb o (llulalé-g;lulor; strilng (QGSI)lmlodleI
100%
ND_W=2fb'1><100nb><5><Br N |
=404x & il
with Br(D° = y7) <2.2x107° Lo ]
N, =2fb"x50mbx¢& 10_45;/‘__________________f)’_o_)wn ]
=1014><5 m_ﬁél’ ﬁ
TRV ra—

Puap (GeV)

S _ 0.01~1— Background reduction=10"" ~107"



ﬁ HELMHOLTZ

JGlu | GEMEINSCHAFT

jonannes GUTENBERG
UNIVERSITAT MAINZ

Helmholtz-Institut Mainz




ﬁ HELMHOLTZ

Event reconstruction jomenscua

Physics channel : pp — D°D° —> vy K1~

pp —>w(3770) > D°D° — u* i~ K7~ : quantum number fixed J"¢ =17

pp — D’°D? — u o K'm - all possible quantum number (6 states)
corresponds ¢ =100 nb
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Full simulation SeuEsonse
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_ N

rec.event MC
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gen.event , MC
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Neutral track : E > 50 MeV
Charged track : p > 100 MeV/c
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Background rejection e

Missing mass of DY partner

p >, < p
1

.......................... ]
------- N — _ 2 5 P 2
D 0/ . M, = \/ (Ecy ED(;/;/)) +(Pey pD(;/;/))
/
1
,,,,, ’*\\ 2 b .
¢”’ * C B N
P @ 50000— —
+ X > N N
K _ : _
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+* - 7, ]
‘ "“»"’ u n tag 30000 :_ ///// _:
20000 ///// =
Tag-mode will be suffered 10000 g =
by additional factor - b v ]
4

Br(D°—> K*z7)=(3.89 +0.05)%
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n’ veto : reject events in which one of the photons can be combined
with any other photon candidate in the event to form a ©t°

Lower threshold (E= 50 MeV) is more efficient than higher value for pion veto

0O 0 _0xp+ _—
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Background rejection
DPM background
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Backg. Reduciton
€pack <10°

based on the DPM
1M events
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rec.event MC

gen.event , MC

E =

in the histogram
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Efficiency LT

pp—>D°D’ > yy K'z~ data N

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII N

9 —l 1T I LI I L I LI Il T I LB I T lll I L I LI l- ﬂ r ] gen'event’MC
70000 I I 3 70000 I L0 3 . .
o Prob(7,K)>025 1 o F Dr,A@, 7 veto ; in the histogram
q>ﬁ0000:— eff = 0.84 : g | 3 q>_ﬁ0000:— _ : : 3
50000 F- | 7 = 50000 | | =
®oor ] ] ¥ | 1 ]
40000 ! / ! 3 40000 ! / ! 3
- | ’ I . - | 7 | .
30000 | o = 30000F- I h =
C | / | . C | 9 : .
20000 ! 7 ! 3 20000 I L | -
10000F- W | = 10000F- ) E
o S S 1 ] o (W P YIa 1 ]
Jl/ll/ll/llI/Illl/fl/fl/:,rl/lrl/ll/llllll s ey AW Al AV I s e aay
Y2715 16 17 18 19 2 21 22 Y2715 16 17 18 19 2 21 22
m (GeV/c?) m (GeV/c?)
U) —l L I L I L I T Il T I 1T I T lll I L I LI l- m —l LI I T I 1T I T lll T I L I T lll I L I 1T l-
+— - 1 1 - +— - e 1 1 -
70000 3 70000 0 + - 3 : . -
i 1.68 <M, <2.04GeVic 4 GF D" — K" 7z reconstructed - Signal efficiency
q>ﬁoooo‘— : : 3 560000‘— : : 3
o F eff = 0.553144 | | . e F eff =0.247223 | | .
50000 ! ! 3 50000 ! ! 3 —
:H:OOOOE E E E :ttOOOOE E E E gmg - 0.247
40000 : 7 3 40000 : : 3
g A 7 ] F | | 1 for double tag
30000~ ! g ! — 30000~ ! ! —
20000 : i : 3 20000 | ) | 3
C 1 1 . C ! /) ! .
C ! S/ ! . o I /) I .
10000~ \ A = 10000~ : \ =
- L1 l 0 T - l Lo 11 I//l j//l 1 s Ll l Ll 3 - Ll l L L1 l L\ I /I/ 1 I L Ll l Ll 3
2?.4 15 16 17 18 19 2 21 22 2.4 15 16 17 18 19 2 21 22

m (GeV/c?) m (GeV/c?)



D° — yy signal data

Expected number @ PANDA
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D’ — 7'z background data

N

D—yy

=21b" %100 nbe(Brl.)x Ergg X2

= 8 events

Br(D’ — yy)<2.2x107°
Br(D® - K*77)=0.0389
E =& =0.247

tag D’y &D° K 7~

N

D—rx

00 =2 fb' x100 nbxX(Br,)x &, x2

=27 event

Br(D’ = 7°7")=8.4x10"[BABAR(2012)]
Br(D’ — K*77)=0.0389
E =& = 0.0025

tag D’ 52°72°&D? K+

« DPM background can be manageable up to 10°

« We are sitting in the edge of potential achievement

 Other models for DD cross section? Could be larger than oy >100 nb?
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Test of background reduction ==

109 statistics for DPM events available?

v

Possible only with fast simulation

v

Is the fast simulation describe the property correctly
in terms of efficiency and resolution?
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Tuning of detector parameters @ fast simulation

 Tracking efficiency in barrel part, STT,MVD,GEM

£=0.85 — ¢=0.8

Use parameterized efficiency at P < 0.6 GeV/c

« PID efficiency in each PID detector : e=1.0 — ¢=0.7
MDT barrel mis-PID level

« EMC barrel,endcap,forward efficiency : e=1.0 — ¢=0.9

: Prob,=0.01 — Prob, =0.05

Energy resolution for EMC has been tuned

/\0187 T T T

EJ/ i

*= 0.16]
0.4
0.12+

0.08f1
0.06[
0.04fF

0.4 —=a®—®

T ‘ T T T T
— Default

— Modified

0.02

/Default
a=4.52 x 103
b=2.95x 103
c=7.75x 103

-

N[

J

-

Modified

a= 8.0x 103
b= 5.0 x 103
c=7.75x 103

~

J

- shower leakage(a), electric noise(b)
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0,03 i — Full 3 0022} ¢ resolution — Full .
- 0 resolution — Fast(defaul] - ¢ resolutio P detaul]
0.025F of Y . i

|

©

=
=

o

o

=
I

0.02
0.015F

0.01f

0_0055 0.004

04 03 -02 01 0 01 02 03 04 0403 0z To1 0 61 02 03 64
HMC ‘9Rec [] ¢MC _¢Rec []
02T Fast(default) |
01:_ Y Energy — Fast(modified)

[ resolution E Angular distribution ¢ and 6 looks
. ] similar between full and fast sim.

0.06— _

004 . Find tuning parameter for energy

0.02[- - based on the y from the data sample
' 5502

7’ —>7/7/&D0 — vy

RN BT R o o S S ST A S ST R L
-%.2 -0.15 -01 -0.05 0 005 01

EMC _ERec /EMC
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Fast simulation fEtere

UNIVERSITAT MAINZ Helmholtz-Institut Mainz

7 N A AR AL I I BRI I IR
/0000 —Fyl| —Full
C|>J600005 [JFast(default) [JFast(modified)
OE eff, =070 eff. /= 0.70
q:c;isoooo;— eff . =1.00 eff, \=0.81

400005—

300005—

200005—

100005—

a1

m(Gev/CZ)' 4 15 16 17 1 T m(Ge{//CZ)'

much better balanced distribution
for the efficiency and resolution

For 7’ — ¥y mass spectrum show also better agreement with modified parameter
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Test of background reduction eharacior
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10° DPM events with fast simulation

Prob(z,K) > 0.25 +all cuts

19 events inside
5 mass window

FO . N W A O O N o ©

m (GeV/c?)

Signal efficiency : ¢,,, =0.3865

# of events

=
o

FO . N W » OO OO N 00 ©

Prob(z,K) > 0.75 +all cuts

R B B L L L B U LN L BN 3
- eff = 0.000000004 | E
3 1 eventinside E
3 56 mass window -
g | I [ |Il| [ I | I iu v v v by vy -
4 15 1.6 1.7 1.8 19 2 21 2.2
m (GeV/c?)

Signal efficiency : &,,, =0.1888
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Event reconstruction T
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Physics channel : pp—>D'D’ > uty Kz

S|
’EV
/

Beam momentum = 6.569 GeV/c

Systematic should be larger than D—yy due to the cross combination e.g. nu, uK

* &

— _ E— _
D’ 52%72°&D? 5K x D 522D Skt x
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= Full simulation e
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Charged track : p > 100 MeV/c

- ~ — — Nreceven ° °

pp — D'D’ lu+lu K g = —rcaetMe in the mass window
Ngen.event,MC
x10° x10°
1% _""I(;"'I""I"I"I""I"'I'I""I""_ (% BARAE AR RRARE RARAR EANA RN AR N
c -~ —D . N — 10~ —D ! ' —
G>J o [IMC truth E ) [E\IO PID . °>3 [ [JMC truth I NO PID i
o b df=069 1 P 1 2® «f eff=o081 : ]
o I T 1 © I : | :
[ ! g ! i T+ ool I I -
60 7~ 0 + o= ) ! n [ — i | p
D >yt | : D’ > Kz :
a0f- 5 - o : -
b 1 5 -
P P I B0yl P 0 o e == S i :....I....I....I-E AL -.-'----'----:
14 15 16 17 18 19 2 21 22 14 15 16 17 18 19 2 21 22
m (GeV/c?) m (GeV/c?)
Neutral track : E > 50 MeV
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N . .
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Ngen.event,MC
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: E>50 MeV

Charged track : p > 100 MeV/c
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Background rejection

Selection cuts for D°D° - u* 'y K*n~
— Prob > 0.1 for charged particle

— p, >0.1(GeV/e) for u°
— pr < P +0.2(GeV/c) for D’

~100° < |Ag,, |<260°

_Mnla)iss — \/(ECM o EVD(‘u‘u))2 + (ﬁCM o ﬁD(Iulu))2

— More that 1 hitin the MDT layer only for full simulation
no hit information at fast simulation, alternatively Prob (n) > 0.95

- Require double tag both D° & D°
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N

rec.event MC

gen.event MC

E =

in the histogram

Signal efficiency

=0.191
for double tag
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Background rejection fEtere

DPM background IR
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Background rejection fEtere
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- S Expected number @ PANDA i

Helmholtz-Institut Mainz

D° — u* i signal data D’ - 7"z~ background data
ND_)/W =2 b ' x100nbx Z(B]/;)x E g X 2 ND—);;*;:‘ =2 b x100 anZ(BI/;.)X E1ng X 2
— 4 events =65 event
Br(D° = 1" 1) <1.3x10° [PDG(2012)] Br(D" = 7 77) =1.397x107 [PDG(2012)]
Br(D’ — K*77)=0.0389 Br(D’ — K*7")=0.0389
Clag = D0 s K 0.1914 Cag =D sata &D K 0.00302
* No event with 10° DPM in fast simulation E 5
with Prob (1) > 0.95 & Prob (7,K) > 0.1 5 [eff:o'ooooooooo
H

- Signal efficiency g,,= 0.1492 @ fast 0 event

FO . N W & OO O N 0 ©

 will find best probability cut to get the R
optimal signal and background ratio eono ey rzn (Gze'lv,czz)'z

N[




Outlook

ﬁ HELMHOLTZ

| GEMEINSCHAFT

— Rejection power 10 seems to be OK (@ fast simulation
Starting from 10 we should meet with resistance

— Test other cut optimization (no big chance at fast sim)

— Single tag mode 1s not suitable for rare decay
n’ veto should not work for the single tag(yy) case

— Add other decay modes :D° — K*7 7" (Br =13.9%)

— Upper limit of branching ratio by Feldmann-Cousin
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Open Discussion s

Concerning fast simulation campaign

— few other senarios are NOT essential for rare decay
very difficult with low luminosity and w/o completeness of EMC
most likely >2 years data taking 1s required

— data available to test variation of efficiency with
5 EMC setup for yy and 5 standard setup for pp, do 1t?

— what 1s common parameters in other analysis?
necessary further tuning of parameters? or not need to do?



