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Simulation samples

ep @ 10x100 D0 sample DIS sample Scale factor for DIS
sample

Q2>1 0.985 M 498 M ~350
(LOCATION) (LOCATION)

Q2> 100 0.985 M 497 M ~99
(LOCATION) (LOCATION)

* Scale factors determined based on simulation statistics
e Q2>1-D0O:DIS~1:1770
* Q%?>100-DO0O:DIS~ 1:500
* DOsignals in DIS sample are removed. A very small effect
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DY reconstruction

* Truth PID

* Topological cuts
— DCA,> 20 um, DCA > 20 um
— DCA,, <70 um
— DCApp < 100 pm
— Decay length > 50 um
— co0s0>0.95
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Inclusive DO+DIS sample
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signal pair:-3<y<-1,0<p_<1GeV/c

ep @ 10x100, Q%> 1
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Q? > 1: DO sample

signal pair:-3<y<-1,1<p_<2GeV/c
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bkg pair:-3<y<-1,0<p_<1GeV/c

70 ep @ 10x100, Q%> 1
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Q? > 1: DIS sample

bkg pair:-3<y<-1,1<p_<2GeV/c

1. L Y
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all pair:-3<y<-1,0<p_<1GeV/c

25000~ ep @ 10x100, @®> 1
20000

15000
10000

5000

1 1 1 Lo 1 I ——
16 1656 1.7 1.75 1.8 18 19 195
M, (GeV/c?)

L qo°all pair:-1<y<1,0<p_<1GeV/c

L T
19 1.95

M, (GeV/c?)

n rn
16 165 17 175 1.8 1.85

s all pair: 1<y <3,0<p_<1 GeV/c

400

300

200

100

N I
16 166 1.7 175 1.8 18 19 195
M, (GeV/c?)

all pair:-3<y<-1,1<p_<2GeV/c

L L
16 166 1.7 175 1.8 18 19 195
M, (GeV/c?)

s all pair: -1<y<1,1<p_<2GeV/c

x10
120

100
80|
60|
40|
20|

-

16 165 1.7 175 1.8 1.#&": 1.‘9 1.95
M, (GeV/c?)

.10° all pair: 1<y<3,1 <pT<2 GeV/c

N feeeat
16 166 1.7 175 1.8 185 19 195
M, (GeV/c?)

all pair: -3<y<-1,2<p_<5GeV/c

2000}
1800}
1600}
1400}
1200}
1000}
800
600
400
200

16 165 1.7 175 18 185 19 1.
M, (GeV/c?)

all pair: -1<y<1,2<p_<5GeV/c

35000
30000
25000
20000
15000
10000

5000}

" " " ds " P
1.4 165 1.7 175 18 18 19 195

M, (GeV/c?)

all pair: 1<y<3,2<p_<5 GeV/c

N N I —
16 166 1.7 175 1.8 18 19 195
M, (GeV/c?)

* Fluctuations in background overwhelm signal

Q%> 1: DO + scaled DIS

all pair:-3<y<-1,5<p_<10GeV/c
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Q? > 100: DO sample

signal pair:-3<y<-1,0<p_<1GeV/c signal pair:-3<y<-1,1<p_<2GeV/c signal pair:-3<y<-1,2<p_<5 GeV/c signal pair:-3<y <-1,5<p_<10 GeV/c
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Q%> 100: DIS sample

bkg pair:-3<y<-1,0<p_<1GeV/c bkg pair:-3<y<-1,1<p_<2GeV/c bkg pair:-3<y<-1,2<p_<5GeV/c bkg pair:-3<y<-1,5<p_<10GeV/c
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Q%> 100: DO + scaled DIS

all pair:-3<y<-1,0<p_<1GeV/c
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Fluctuations in background overwhelm signal
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How to overcome fluctuations?

* Fluctuations in background are artificially amplified when
scaling DIS samples

* Fit background distributions from DIS, and use the fit
function to sample “scaled” background
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Q? > 1: fit DIS sample

bkg pair:-3<y<-1,0<p_<1GeV/c bkg pair:-3<y<-1,1<p_<2GeV/c bkg pair:-3<y<-1,2<p_<5GeV/c 3 bkg pair:-3<y<-1,5<pT<10GeV/c
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Q2> 1: fit DIS sample with topo cuts

bkg pair:-3<y<-1,0<p_<1GeV/c

ep @ 10x100, Q%> 1
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13



bkg pair:-3<y<-1,0<p_<1GeV/c

ep @ 10x100, Q> 100

L Lt
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bkg pair:-1<y<1,0<p_<1GeV/c
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Q2> 100: fit DIS sample

bkg pair:-3<y<-1,2<p_<5GeV/c

bkg pair:-3<y<-1,1<p_<2GeV/c
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C. 1. e L T NS
6 166 1.7 175 1.8 18 19 195
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L L
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M, (GeV/c?)
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Q2> 100: fit DIS sample with topo cuts

bkg pair:-3<y<-1,0<p_<1GeV/c

ep @ 10x100, Q%> 100

165 1.7 175 1.8 185 1.9 195
M, (GeV/c?)

bkg pair:-1<y<1,0<p_<1GeV/c
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166 1.7 175 18 185 19 195
M., (GeV/c?)

bkg pair: 1<y <3,0<p_<1 GeV/c
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M, (GeV/c?)

bkg pair: 1<y <3,1<p_<2 GeV/c

N feeeat
16 166 1.7 175 1.8 185 19 195
M, (GeV/c?)

LN WS g O N ®

1.6

100

80

60|

40|

20|

200
180
160
140
120
100
80|
60|
40|
20|

1.
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bkg pair: -1<y<1,5<p_<10 GeV/c

1 L n. -~
16 166 1.7 175 1.8 185 19 195
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bkg pair: 1<y <3,5<p_<10 GeV/c
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M, (GeV/c?)
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Q? > 1: fit DO sample

D’ signal: -3 <y <-1,0<p_<1GeV/c D’ signal: -3 <y <-1,1<p_<2 GeV/c D’ signal: -3 <y <-1,2<p_<5 GeV/c D’ signal: -3 <y <-1,5<p_<10 GeV/c
- - - 4 -

800)
500 ep @ 10x100, Q%> 1 700E — -Gaus+Pol1 — - StudentT+Pol1 12F
400 600) £
500 osk
300 400 !
200 0.6F
200 ~
200) 0.4 \
100 100) 0.2f \
B L | WS % 1 L 1
975 1.95 : g 1.95 5 P75 78 1.85 79 5 :
M. (GeV/c?) M. (GeV/cY) M. (GeV/c?)
D’ signal: -1 <y <1,0<p_<1GeV/c D’ signal: -1 <y <1,1<p_<2GeV/c D’ signal: -1 <y <1,5<p_<10 GeV/c

L 79 1.95 ! 9 h . 7.9 . ! . x .
M., (GeV/c?) M, (GeV/c?) M, (GeV/c?) M, (GeV/c?)
D’ signal: 1<y <3,0<p_<1GeV/c D’signal: 1<y <3,1<p_<2GeV/c D’signal: 1<y <3,2<p_<5 GeV/c D’ signal: 1<y <3,5<p_<10GeV/c
16000) 5000
14000 10000
4000
12000 8000 & f&
10000 S 3000 %
8000 6000 P) ? : ry
6000 4000 2000 9
4000 2000 1000
2000 -
L 1 1 - i - 1. i L A K
1.75 18 165 19 195 2 1.75 1.8 185 1.9 195 2 975 18 165 1.9 15 2 A ; 9
M, (GeV/c?) M, (GeV/c?) M, (GeV/c?) M, (GeV/c?)

Student-T function describes signal shape better
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D’ signal: -3<y <-1,0<p_<1GeV/c

400 ep @ 10x100, Q%> 100
350

300 q&?%

250
Y

200 055
150

100 m&
50)

r L N
075 1.8 185 1.9 1,95
M, (GeV/c?)

D’ signal: -1 <y <1,0<p_<1GeV/c

8000}
7000}
6000 I
5000} *
4000} b

5 8
3000} P
2000} é

r . N
1.75 1.8 1.85 1.9 1.95 2
M., (GeV/c?)

D’ signal: 1<y <3,0<p_<1GeV/c

7000
6000
5000
4000
3000
2000
1000}

N . N e
1.75 1.8 185 1.9 1.95
M, (GeV/c?)

D’ signal: -3<y <-1,1<p_<2GeV/c

— -Gaus+Pol1 — - StudentT+Pol1

NS |

195
M, (GeV/c?

D’ signal: -1 <y <1,1<p_<2GeV/c

14000
12000
10000 ‘3
8000) 6%
6000) '
4000 p 9
2000

1.75 1.8 1.85 1.‘9 1.95 2
M, (GeV/c?)

D’ signal: 1<y <3,1<p_<2GeV/c

8000}
7000}

6000}
5000}
4000} [

3000}
2000}

100 . . . e
1.75 1.8 185 1.9 195 2
M, (GeV/c?)

D’ signal: -3<y <-1,2<p_<5 GeV/c

A 1.8

M. (GeV/c?)

D’signal: 1<y <3,2<p_<5 GeV/c

10000
8000 f%
6000 )
P) [)
4000)
2000)
1 ds 1 1
1.75 18 165 1.9 15 2

M, (GeV/c?)

Student-T function describes signal shape better

Q%> 100: fit DO sample

D’ signal: -3 <y <-1,5<p_<10 GeV/c

75 1.8 185 1.9 1.95
M, (GeV/c?)

D’ signal: -1 <y <1,5<p_<10 GeV/c

M. (GeV/c?)

D’ signal: 1<y <3,5<p_<10 GeV/c
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Q? > 1: fit DO+DIS sample

m+K pair: -3 <y <-1,0<p_<1GeV/c

18000F ep @ 10x100, Q%> 1
16000f- —No cuts
= Fit

S:B =0.04:1

L Lt
16 1656 1.7 1.75 1.8 18 19 195
M, (GeV/c?)

oK pair:-1<y<1,0< p, < 1 GeV/c

280 S:B=0.12:1

N e
16 165 1.7 175 1.8 18 19 195
M., (GeV/c?)

+K pair: 1<y <3,0<p_<1 GeV/c

500 S:B =0.03:1

209 " I
6 165 1.7 175 18 18 19 195
M, (GeV/c?)

n+K pair:-3<y<-1,1<p_<2GeV/c

S:B=0.13:1

L
1.9 195
M, (GeV/c?)
1K pair:-1<y<1,1<p_<2GeV/c
130F
120 S:B=0.31:1
110F
100F-
90F-
[ ]
80| ]
70F %
60F-
1. 165 1.7 175 18 18 19 195

M, (GeV/c?)

x10m+K pair:1<y<3,1< p_ < 2 GeV/c

S:B =0.06:1

N feeeat
16 166 1.7 175 1.8 185 19 195
M, (GeV/c?)

S/B ratio within 20 of signal peak

n+K pair:-3<y<-1,2<p_<5GeV/c

800

S:B =0.63:1

L
19 195
M, (GeV/c?)

n+K pair: -1 <y<1,2<p_<5GeV/c

40000

35000F S:B =1.00:1
30000F-
25000F- i‘
20000 AL
(1

w4 \-._-

10000f et |
PR - e N I - - T LR KR T

M, (GeV/c?)

m+K pair: 1<y <3,2<p_<5 GeV/c

32000F
30000F- S:B=0.15:1
28000F-
26000F-
24000F-
22000
20000F-
18000~
16000~

PN L e L T N
16 166 1.7 175 1.8 18 19 195
M., (GeV/c?)

n+K pair:-3<y<-1,5<p_<10GeV/c

S:B|=|P1740.41:

L L L L
165 1.7 175 18 1.85 19 195
M, (GeV/c?)

n+K pair: -1<y<1,5<p_<10 GeV/c

1600}
1400}
1200}
1000}
800
600
400

20?.6

S:B =1.741

165 1.7 175 1.8 1.53 1.‘9 1.95 2
M, (GeV/c?)

n+K pair: 1<y <3,5<p_<10 GeV/c

1000}
900
800
700
600
500
400

S:B =0.26:1

)
°¢¢WA
o &

P

N I
165 1.7 175 18 185 1.9 195 2
M, (GeV/c?)
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Q%> 1: fit DO+DIS

m+K pair: -3 <y <-1,0<p_<1GeV/c

160
ep @ 10x100, @®>1  g:B =0.71:1

140F  _Topo cuts

120 = Fit

100
80|

Wmﬁ’ Wi

1 L L.
1.7 1 75 1.8 18 1 9 1.95
M.« (GeV/c? )

n+K pair: -1 <y<1,0<pT<1 GeV/c

1800 S:B =1.42:1

o
o

i

e

L. L T
785 19 195
M, (GeV/c?)

m+K pair: 1<y <3,0<p_<1 GeV/c

7000f~ S:B=0.33:1
6000F-

5000
4000)
3000
2000)

Est L
16 165 1.7 175 1.8 1.85 19 1.95
M, (GeV/c?)

n+K pair:-3<y<-1,1<p_<2GeV/c

180 S:B =2.28:1
140

16 1.65 1.7 1.75 1.8 1.85 19 1.95 2
K(Gev/«:)

n+K pair:-1<y<1,1<p_<2GeV/c

4000

3500 S:B=4.74:1
3000

2500 ":

2000 fi

1500 l

1000

i \"'..-_-.3
1 1 1 |

16 165 1.7 175 18 1.85 1 9 1.95
M, (Gev/c )

m+K pair: 1<y <3,1<p_<2 GeV/c

5000 S:B =0.32:1

195 2
M, (GeV/c?)

sample with

n+K pair:-3<y<-1,2<p_<5GeV/c

120
100
80|
60|
40|
20|

95

S:B =6.67:1

\

R R R FOORSEE At
6 1 65 1.7 175 18 1.85 19 1.95
M, (GeV/c?)

n+K pair:-1<y<1,2<p_<5GeV/c

5000~ S:B =15.37:1
4000F ,
3000F
,l
2000F 1
: 8
[
1000F~
J
q.........x.. . o -
6 166 1.7 175 1.8 18 19 1.95

M, (GeV/c?)

n+K pair: 1<y <3,2<p_<5 GeV/c

B R N I T R R

A
%
g

T NS
1.95
M, (GeV/c?)

topo cuts

n+K pair:-3<y<-1,5<p_<10 GeV/c

S:H [ 572699.51]

L L L
?.6 165 1.7 175 18 185 19 1.95
M, (GeV/c?)

n+K pair:-1<y<1,5<p_<10 GeV/c

;:g S:B =27.52:1
- ¢
- \
50 ’ D

06 165 1.4 175 18 185 19 1.95
M, (GeV/c?)

m+K pair: 1<y <3,5<p_ <10 GeV/c

120 S:B =2.74:1

100

80

60

a

201 ¢ ¢

T e 155 19 795 2
M., (GeV/c?)
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Q? > 100: fit DO+DIS sample

m+K pair: -3 <y <-1,0<p_<1GeV/c

1 1 L 1
16 165 1.7 175 1.8 185 1.9

180

160

140

120

" L "
16 165 1.7 175 1.8 1.8 19

" de "
6 165 17 175 18 18 19

ep @ 10x100, @®> 100 S:B = 0.16:1
—No cuts

= Fit

... .l
1.95
M, (GeV/c?)

oK pair:-1<y<1,0< p, < 1 GeV/c

S:B =0.05:1

.95
M, (GeV/c?)

+K pair: 1<y <3,0<p_<1 GeV/c

S:B =0.02:1

1.95
M, (GeV/c?)

n+K pair:-3<y<-1,1<p_<2GeV/c

4500 S:B=0.33:1

2500} \

1. L y ——
16 166 1.7 175 1.8 18 19 195
M, (GeV/c?)

Lqom+K pair:-1<y <1,1<p_<2GeV/c

200 S:B=0.07:1

N aaat
16 165 1.7 175 1.8 185 19 195
M, (GeV/c?)

1K pair: 1<y <3,1<p_<2 GeV/c

260~ S:B=0.03:1
240F-

220F
200
180
160
140

N L i L 1
16 166 1.7 175 1.8 185 19 195
M, (GeV/c?)

n+K pair:-3<y<-1,2<p_<5GeV/c

4000F~ S:B=0.75:1
3500
3000
i

2500 PR
2000 w 3
1500 \N
1000 ettt

1.6 165 17 175 1.8 18 19 1.

... .}
95
M, (GeV/c?)

1g+K pair:-1<y <1,2<p_<5GeV/c

220
200
180

S:B =0.28:1

N
79 195
M, (GeV/c?)

1K pair: 1<y <3,2<p_<5 GeV/c

n+K pair:-3<y<-1,5<p_<10 GeV/c

25| S:B =0.96:1
20)
10)
: W "
L T B T N N 2
M, (GeV/c?)
n+K pair:-1<y<1,5<p_<10 GeV/c
70000
S:B =0.95:1
60000
50000 4
Io
40000 gt
30000 s*
20000
N . N L

16 165 1.7 175 18 1.85 1.‘9 1.95
M, (GeV/c?)

n+K pair: 1<y <3,5<p_<10 GeV/c

180 S:B =0.05:1
160

140~

120

100

. n n T n
165 1.7 175 18 18 19 1.

95
M, (GeV/c?)

40000

S:B=0.15:1

35000

30000~

25000

20000

. L N I
16 166 1.7 175 1.8 185 19 195 2
M, (GeV/c?)
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Q? > 100: fit DO+DIS sample with

m+K pair: -3 <y <-1,0<p_<1GeV/c

100 ep @ 10x100, Q*>100 S:B = 1.55:1

—'Fl'opo cuts %

80 _ Fit

60| ++

o 4 *%
20| )

n+K pair: -1 <y<1,0<pT<1 GeV/c

1200
S:B =0.96:1
1000|
800 "
[
: $
400
zoq.ﬁ 1.65 1.‘7 1.;5 1.‘3 1.#&': 1?9 1.95
M., (GeV/c?)
m+K pair: 1<y <3,0<p_<1 GeV/c
4500 s
4000) :B=0.25:1
3500
3000
2500
2000
1500)
L. L ..l
1.6 1656 1.7 175 1.8 1.85 19 1.95

M., (GeV/c?)

2
M, (GeV/c?)

n+K pair:-3<y<-1,1<p_<2GeV/c

350 S:B =2.90:1
300
250 s
200 & ‘
150 ‘
100
50 PR gl
ettt
16 165 1.7 175 18 185 1.9

"M, (GeV/c?)

n+K pair:-1<y<1,1<p_<2GeV/c

3500 S:B=1.68:1
3000F
2500F 4
2000F- : t
1500 ° !‘
1000 M
500f L

I feaes
16 165 1.7 175 1.8 185 19 195
M, (GeV/c?)

m+K pair: 1<y <3,1<p_<2 GeV/c

S:B =0.23:1

N feeeat
16 166 1.7 175 1.8 185 19 195
M, (GeV/c?)

n+K pair:-3<y<-1,2<p_<5GeV/c

700 S:B=6.07:1

L s A Lt
Ve 7 I Te I8 19 19
M, (GeV/c?)

n+K pair: -1 <y<1,2<p_<5GeV/c

20000)

18000 S:B =7.93:1
16000

14000 ﬁ

12000

10000 ot

8000 M

6000 X

4000

2000

Q.s 1.65 1.‘7 1.‘75 1.‘8 1.3‘5 1.‘9 1.95
M, (GeV/c?)

n+K pair: 1<y <3,2<p_<5 GeV/c

11000 ] ]
10000) S:B =0.39:1
9000
8000
7000 f\‘

6000}
5000}
4000}

1 e L e
16 166 1.7 175 1.8 18 19 195
M, (GeV/c?)

topo cufts

n+K pair:-3<y<-1,5<p_<10 GeV/c

n+K pair: -1<y<1,5<p_<10 GeV/c

1.9 195
M, (GeV/c?)

14000F SB=

12000

10000 ,‘l
8000F 19
6000F 7,
4000F 't
2000F ! e

06765 1.7 175 18

m+K pair: 1<y <3,5<p_<10 GeV/c

22.52:1

1.9
M, (GeV/c?)

3500F S:B =1.90:1
3000F
2500F- N Y
[
2000F IR
1500F- §

500

T L L L
16 165 1.7 175 1.8 1.85

(R
M, (GeV/c?)
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Summary

DO shape can be better fit with the student-T function

Directly scaling DIS samples to mimic background introduces large
fluctuations.
— Afitting & sampling procedure is used to suppress the fluctuations.

— This procedure does not work for machine learning since the correlations are
lost. Producing a DIS sample with sufficient statistics for individual pr-eta bin
will be computationally very expensive.

With straight topological cuts, good S/B ratios can be achieved in most p;-
eta bins. Maybe we do not need to apply machine learning in individual
bins.

22



