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F

o
u
n

d
 averag

e o
f 1

6
.2

5
 even

ts/b
in

●
I u

sed
 4

 b
in

s to
 th

e rig
h

t

●
F

o
u
n

d
 averag

e o
f 2

.7
5

 even
ts/b

in

●
A

verag
e b

ackg
ro

u
n

d
/b

in
 in

 th
e 

“p
eak reg

io
n
”

●
9

.5
 +

/- 1
.1

 even
ts/b

in

●
T

h
ere are 5

 b
in

s in
 th

e p
eak reg

io
n

 
I selected

●
N

u
m

b
er o

f even
ts, N

 =
 4

2
 

●
E

stim
ated

 b
ackg

ro
u
n

d
, B

 =
 4

7
.5

 +
/- 5

.4

●
N

 – B
 =

 estim
ated

 sig
n

al, S
 =

 -5
.5

 +
/- 8

.5

●
S

/
 =

 -0
.6

4
 

 sig
n

ifican
ce ab

o
ve b

ackg
ro

u
n

d
 exp

ectatio
n

 o
f -0

.6
4

 stan
d
ard

 d
eviatio

n
s  

σ
→
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C
o
m

m
en

t

●
T

h
at w

as a p
retty “co

n
servative” ap

p
ro

ach
 to

 estim
atin

g
 th

e b
ackg

ro
u
n
d

●
T

h
e h

ig
h
er n

u
m

b
er in

 th
e averag

e carries th
e b

ig
g
er w

eig
h
t

●
T

h
e assu

m
p
tio

n
 w

as th
at th

is averag
e w

as to
 b

e ap
p

lied
 in

 a flat m
an

n
er th

ro
u

g
h
 th

e 
b

u
m

p
 reg

io
n

●
T

h
ese are p

retty stro
n

g
 an

d
 likely in

co
rrect assu

m
p

tio
n
s. W

e can
 see b

y eye th
at th

e 
b

ackg
ro

u
n
d
 level d

eclin
es fro

m
 left to

 rig
h
t.

●
A

 less co
n
servative ap

p
ro

ach
, b

u
t o

n
e th

at carries a d
ifferen

t set o
f assu

m
p
tio

n
s, 

w
o

u
ld

 b
e to

 d
eclin

e th
e lo

w
-sid

e averag
e b

ackg
ro

u
n
d
/b

in
 lin

early to
w

ard
 th

e 
averag

e valu
e o

n
 th

e rig
h
t.

●
I leav

e th
is as an

 exercise fo
r th

e stu
d

en
t (I fo

u
n

d
 S

 =
 1

0
.8

 +
/- 7

.4
 ev

en
ts, fo

r a 
sig

n
ifican

ce o
f S

/
 =

 1
.4

 stan
d

ard
 d

ev
iatio

n
s ab

o
v
e b

ack
g

ro
u

n
d

). 
σ

●
T

h
is is th

e m
eth

o
d

 o
f u

sin
g

 “sid
eb

an
d

s” aro
u

n
d

 a b
u

m
p

 to
 estim

ate 
b

ack
g

ro
u

n
d

 in
 th

e b
u

m
p

. It's a w
h

o
le area o

f effo
rt in

 an
 an

alysis. It g
o

es 
b

y o
th

er n
am

es, to
o

, like “C
o

n
tro

l R
eg

io
n

” m
eth

o
d

s.
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T
akin

g
 F

u
ll A

d
van

tag
e o

f all th
e 

D
ata: M

o
d
elin

g
 th

e D
ata

●
T

h
is w

as a very ro
u

g
h

 exercise, in
ten

d
ed

 to
 fam

iliarize yo
u

 w
ith

 

b
asic id

eas:

●
D

ata co
n
sists o

f an
 u

n
kn

o
w

n
 set o

f co
n

trib
u
tio

n
s fro

m
 d

ifferen
t so

u
rces

●
W

e can
 m

ake assu
m

p
tio

n
s to

 try to
 estim

ate so
m

e o
f th

o
se co

n
trib

u
tio

n
s

–
e.g

. th
e b

in
s to

 th
e left an

d
 rig

h
t o

f th
e “b

u
m

p
” co

n
tain

 little o
r n

o
 even

ts o
f th

e 

class th
at are cau

sin
g
 th

e “b
u

m
p

”

●
B

u
t w

e h
ave lo

ts m
o

re in
fo

rm
atio

n
 w

e are n
o

t u
sin

g
!

●
T

h
e fu

ll sh
ap

e o
f th

e d
ata acro

ss its en
tire ran

g
e

●
T

h
e fact th

at o
th

er p
eo

p
le m

ig
h

t h
ave alread

y co
n
sid

ered
 m

o
d
els fo

r a 
p

o
ssib

le sig
n

al th
at w

o
u

ld
 d

escrib
e w

ell an
d

 an
alytically th

is “b
u

m
p
”
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T
h
e M

o
d
el

●
W

e w
an

t to
 d

escrib
e th

e d
ata u

sin
g
 a “M

o
d
el”

●
E

very m
o

d
el carries a n

u
m

b
er o

f assu
m

p
tio

n
s

●
E

ach
 assu

m
p
tio

n
 is a p

lace w
h
ere p

o
ten

tial erro
r can

 creep
 in

 – as 
a resu

lt, each
 assu

m
p
tio

n
 sh

o
u
ld

 b
e assessed

 fo
r its co

n
trib

u
tio

n
 

o
f “system

atic u
n

certain
ty”.

●
W

e w
ill u

se a tw
o
-co

m
p
o
n

en
t m

o
d
el

●
“T

h
e d

ata co
n
sists o

f a n
o

n
-stru

ctu
red

/n
o

n
-reso

n
an

t b
ackg

ro
u
n

d
 

an
d
 a sin

g
le reso

n
an

t co
m

p
o

n
en

t.” (h
yp

o
th

esis)

–
W

e w
ill b

u
ild

 th
e m

o
d
el u

sin
g
 R

o
o
F

it an
d

 test th
e h

yp
o

th
esis ag

ain
st an

 

altern
ative h

yp
o
th

esis:

●
“T

h
e d

ata co
n

sists o
n

ly o
f a n

o
n

-stru
ctu

red
/n

o
n

-reso
n

an
t b

ackg
ro

u
n
d

.”
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T
h
e S

ig
n
al M

o
d
el

●
U

n
fo

rtu
n

ately, th
e exp

ert w
h

o
 d

evelo
p

ed
 th

e fin
al fo

rm
 o

f th
e 

sig
n

al m
o
d

el is in
 B

eijin
g
 an

d
 isn

't availab
le to

 h
elp

 w
ith

 th
is 

effo
rt.

●
H

o
w

ever, th
ey d

o
cu

m
en

ted
 th

e m
o

d
el an

d
 w

e can
 reb

u
ild

 it o
u

rselves

●
It is b

ased
 o

n
 a few

 facto
rs:

–
F

irst, d
ip

h
o

to
n

 in
varian

t m
ass reso

lu
tio

n
 in

 th
e reg

io
n
 fro

m
 1

5
0

-1
7
5

0
 G

eV
 is 

ab
o

u
t 4

%
 o

f th
e m
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–
S
eco

n
d

, th
e m

o
d
el w

e are testin
g
 p

red
icts a n

o
n

-trivial n
atu

ral w
id

th
 fo

r a 

d
ip

h
o
to

n
 reso

n
an

ce th
at is ab

o
u

t 5
%

 o
f th

e m
ass.

●
A

d
d

ed
 in

 q
u

ad
ratu

re, th
ese effects to

tal a 6
.4

%
 “w

id
th

” o
n

 th
e m

ass p
eak

–
F

in
ally, reco

n
stru

ctio
n

 o
f p

h
o
to

n
s is im

p
erfect d

u
e to

 en
erg

y lo
sses in

 th
e 

calo
rim

eter. T
h
is resu

lts in
 a lo

n
g
er tail in

 th
e d

istrib
u

tio
n

 b
elo

w
 th

e p
eak o

f th
e 

in
varian

t m
ass fo

r a real reso
n

an
ce.



 
 

1
7

/3
7

Illu
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f th
e S

ig
n

al M
o

d
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A
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rystal B
all F

u
n
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n
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 after th
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rystal 
B
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o
llab
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n
 th
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ed
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A

p
p

en
d
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h
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o
n
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m

 S
p
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p
y fro
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R
ad

iative D
ecays o

f th
e J/P

si an
d
 P

si-P
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e, P
h
.D
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T

h
esis, S

L
A

C
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9
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B
u
ild

in
g
 th

e S
ig

n
al M

o
d
el

/
/
 
a
d
d
i
t
i
o
n
a
l
 
i
n
c
l
u
d
e
s
 
n
e
e
d
e
d
 
f
o
r
 
t
h
i
s
 
m
o
d
e
l

#
i
n
c
l
u
d
e
 
"
R
o
o
F
o
r
m
u
l
a
V
a
r
.
h
"

#
i
n
c
l
u
d
e
 
"
R
o
o
C
B
S
h
a
p
e
.
h
"

{ 
 
/
/
 
C
o
d
e
 
s
n
i
p
p
e
t
 
f
o
r
 
t
h
e
 
S
i
g
n
a
l
 
M
o
d
e
l

 
 
R
o
o
R
e
a
l
V
a
r
 
 
m
a
s
s
(
"
m
a
s
s
"
,
"
m
_
{
#
g
a
m
m
a
#
g
a
m
m
a
}
"
,
1
5
0
,
1
7
5
0
,
"
G
e
V
"
)
;

 
 
R
o
o
R
e
a
l
V
a
r
 
r
e
s
_
m
e
a
n
(
"
r
e
s
_
m
e
a
n
"
,
"
R
e
s
o
l
u
t
i
o
n
 
M
e
a
n
"
,
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7
0
0
.
0
,
 
8
0
0
.
0
,
 
"
G
e
V
"
)
;

 
 
R
o
o
F
o
r
m
u
l
a
V
a
r
 
r
e
s
_
w
i
d
t
h
(
"
r
e
s
_
w
i
d
t
h
"
,
 
"
R
e
s
o
l
u
t
i
o
n
 
W
i
d
t
h
"
,

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
"
r
e
s
_
m
e
a
n
*
0
.
0
6
4
"
,
 
R
o
o
A
r
g
S
e
t
(
r
e
s
_
m
e
a
n
)
)
;

 
 
R
o
o
R
e
a
l
V
a
r
 
r
e
s
_
a
l
p
h
a
(
"
r
e
s
_
a
l
p
h
a
"
,
 
"
R
e
s
o
l
u
t
i
o
n
 
a
l
p
h
a
"
,
 
1
.
5
)
;

 
 
R
o
o
R
e
a
l
V
a
r
 
r
e
s
_
n
(
"
r
e
s
_
n
"
,
 
"
R
e
s
o
l
u
t
i
o
n
 
o
r
d
e
r
"
,
 
1
.
0
)
;

 
 
R
o
o
C
B
S
h
a
p
e
 
s
i
g
n
a
l
_
m
o
d
e
l
(
"
r
e
s
_
m
o
d
e
l
"
,
 
"
R
e
s
o
l
u
t
i
o
n
 
M
o
d
e
l
"
,
 
m
a
s
s
,

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
r
e
s
_
m
e
a
n
,
 
r
e
s
_
w
i
d
t
h
,
 
r
e
s
_
a
l
p
h
a
,
 
r
e
s
_
n
)
;

}M
ath
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atically, w

e can
 d

en
o
te th

is as F
S (m
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T
h
e B
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ro

u
n

d
 M

o
d
el

●
W

e d
o
 N

O
T

 h
ave a M

o
n
te C

arlo
 sim

u
latio

n
 th

at 

reliab
ly p

red
icts th

is d
ip

h
o
to

n
 sh

ap
e

●
W

e w
ill h

ave to
 u

tilize th
e d

ata itself to
 b

u
ild

 a m
o
d
el

●
W

e sh
o
u
ld

 try to
 ch

o
o
se a “reaso

n
ab

le” g
u
ess at an

 

an
alytical m

o
d
el (p

o
lyn

o
m

ial, C
h
eb

ych
ev p

o
lyn

o
m

ial, 

exp
o
n
en

tial, etc.) b
ased

 o
n
 a d

iscu
ssio

n
 o

f th
e d

ata 

tren
d
s.

●
Q

u
estio

n
: w

h
at m

o
d

el m
ig

h
t b

est d
escrib
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is 

d
ata w

ith
 as few

 free p
aram

eters as p
o

ssib
le?
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M
o

tivate th
e B

ackg
ro

u
n
d
 M

o
d
el

U
se d

ata in
 th

is 
reg

io
n

 to
 set th

e 
p
aram

eters o
f th

e 
b
ackg

ro
u
n

d
 

m
o

d
el...

U
se th

e 
b
ackg

ro
u
n

d
 

m
o

d
el 

everyw
h
ere to

 
n
o

w
 p

red
ict th

e 
sh

ap
e o

f th
e d

ata

W
e w

ill:
●

D
evelo

p
 an

 im
p
lem

en
tatio

n
 o

f 
th

e b
ackg

ro
u
n
d
 m

o
d
el

●
D

eterm
in

e th
e m

o
d
el 

p
aram

eter(s) b
y fittin

g
 a 

restricted
 reg

io
n
 o

f th
e d

ata.
●

F
ix th

e p
aram

eter(s) fo
r th

e 
m

o
d
el an

d
 th

en
 b

u
ild

 a sig
n
al 

+
 b

ackg
ro

u
n
d
 m

o
d
el to

 
d
escrib

e all d
ata sh

o
w

n
 h

ere.
●

D
eterm

in
e th

e am
o
u
n
t o

f 
sig

n
al in

 th
e “b

u
m

p
 reg

io
n
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B
u
ild

 th
e b

ackg
ro

u
n
d
 m

o
d
el

/
/
 
a
d
d
i
t
i
o
n
a
l
 
i
n
c
l
u
d
e
s
 
n
e
e
d
e
d
 
f
o
r
 
t
h
i
s
 
m
o
d
e
l

#
i
n
c
l
u
d
e
 
"
R
o
o
E
x
p
o
n
e
n
t
i
a
l
.
h
"

{ 
 
/
/
 
C
o
d
e
 
s
n
i
p
p
e
t
 
f
o
r
 
t
h
e
 
B
a
c
k
g
r
o
u
n
d
 
M
o
d
e
l

 
 
R
o
o
R
e
a
l
V
a
r
 
b
k
g
_
p
a
r
1
(
"
b
k
g
_
p
a
r
1
"
,
 
"
B
a
c
k
g
r
o
u
n
d
 
M
o
d
e
l
 
P
a
r
a
m
e
t
e
r
 
1
"
,
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-
1
.
0
,
 
0
,
 
"
1
/
G
e
V
"
)
;

 
 
R
o
o
E
x
p
o
n
e
n
t
i
a
l
 
b
k
g
_
m
o
d
e
l
(
"
b
k
g
_
m
o
d
e
l
"
,
 
"
B
a
c
k
g
r
o
u
n
d
 
M
o
d
e
l
"
,
 
m
a
s
s
,

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b
k
g
_
p
a
r
1
)
;
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D
eterm

in
e th

e B
ackg

ro
u
n
d
 M

o
d
el 

P
aram

eter fro
m

 D
ata

/
/
 
a
d
d
i
t
i
o
n
a
l
 
i
n
c
l
u
d
e
s
 
n
e
e
d
e
d
 
f
o
r
 
t
h
i
s
 
s
t
e
p

#
i
n
c
l
u
d
e
 
"
R
o
o
F
i
t
R
e
s
u
l
t
.
h
"

{ 
 
/
/
 
C
o
d
e
 
s
n
i
p
p
e
t
 
f
o
r
 
t
h
i
s
 
s
t
e
p

 
 
R
o
o
F
i
t
R
e
s
u
l
t
*
 
b
k
g
o
n
l
y
_
r
e
s
u
l
t
 
=
 

 
 
 
 
b
k
g
_
m
o
d
e
l
.
f
i
t
T
o
(
*
d
a
t
a
,
 
R
o
o
F
i
t
:
:
S
a
v
e
(
)
,
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R
o
o
F
i
t
:
:
V
e
r
b
o
s
e
(
k
F
A
L
S
E
)
,
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R
o
o
F
i
t
:
:
R
a
n
g
e
(
1
5
0
.
0
,
 
5
0
0
.
0
)
,
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R
o
o
F
i
t
:
:
O
p
t
i
m
i
z
e
(
)
,
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R
o
o
F
i
t
:
:
S
t
r
a
t
e
g
y
(
2
)
)
;

 
 
b
k
g
o
n
l
y
_
r
e
s
u
l
t
-
>
P
r
i
n
t
(
)

 
 
R
o
o
P
l
o
t
*
 
p
l
o
t
 
=
 
m
a
s
s
.
f
r
a
m
e
(
)
;

 
 
d
a
t
a
-
>
p
l
o
t
O
n
(
p
l
o
t
,
R
o
o
F
i
t
:
:
B
i
n
n
i
n
g
(
6
4
)
)
;

 
 
b
k
g
_
m
o
d
e
l
.
p
l
o
t
O
n
(
p
l
o
t
)
;

 
 
p
l
o
t
-
>
D
r
a
w
(
)
;

 
 
c
1
.
S
a
v
e
A
s
(
"
F
i
t
D
a
t
a
_
b
k
g
o
n
l
y
.
p
d
f
"
)
;

}
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R
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f th

e B
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ro
u
n

d
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n
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R
o
o
F
i
t
R
e
s
u
l
t
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m
i
n
i
m
i
z
e
d
 
F
C
N
 
v
a
l
u
e
:
 
4
0
3
9
3
.
7
,
 
e
s
t
i
m
a
t
e
d
 
d
i
s
t
a
n
c
e
 
t
o
 
m
i
n
i
m
u
m
:
 

8
.
5
4
3
9
9
e
-
0
7

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c
o
v
a
r
i
a
n
c
e
 
m
a
t
r
i
x
 
q
u
a
l
i
t
y
:
 
F
u
l
l
,
 
a
c
c
u
r
a
t
e
 
c
o
v
a
r
i
a
n
c
e
 
m
a
t
r
i
x

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
S
t
a
t
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M
I
G
R
A
D
=
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H
E
S
S
E
=
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u
e
 
+
/
-
 
 
E
r
r
o
r
 
 
 

 
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
 
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

 
 
 
 
 
 
 
 
 
 
 
 
 
 
b
k
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-
1
.
0
0
3
2
e
-
0
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1
.
3
4
e
-
0
4

W
h
at ju

st h
ap

p
en

ed
? W

h
at d

o
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r d
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 b
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e m
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n

●
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 b
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 o
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b
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e d
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V
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o
d
e

/
/
 
a
d
d
i
t
i
o
n
a
l
 
i
n
c
l
u
d
e
s
 
n
e
e
d
e
d
 
f
o
r
 
t
h
i
s
 
s
t
e
p

{ 
 
/
/
 
C
o
d
e
 
s
n
i
p
p
e
t
 
f
o
r
 
t
h
i
s
 
s
t
e
p

 
 
/
/
 
d
e
f
i
n
e
 
“
b
a
c
k
g
r
o
u
n
d
 
f
i
t
 
r
e
g
i
o
n
”
 
i
n
 
v
a
r
i
a
b
l
e
 
“
m
a
s
s
”

 
 
m
a
s
s
.
s
e
t
R
a
n
g
e
(
"
b
k
g
_
r
e
g
i
o
n
"
,
 
1
5
0
.
0
,
 
6
0
0
.
0
)
;

 
 
/
/
 
P
l
o
t
 
t
h
e
 
f
u
n
c
t
i
o
n
 
t
w
i
c
e
,
 
o
n
c
e
 
o
n
l
y
 
i
n
 
i
t
s
 
f
i
t
t
e
d
 
r
e
g
i
o
n

 
 
/
/
 
a
n
d
 
o
n
c
e
 
i
n
 
a
l
l
 
o
f
 
t
h
e
 
v
a
r
i
a
b
l
e
'
s
 
r
a
n
g
e

 
 
R
o
o
P
l
o
t
*
 
p
l
o
t
 
=
 
m
a
s
s
.
f
r
a
m
e
(
)
;

 
 
d
a
t
a
-
>
p
l
o
t
O
n
(
p
l
o
t
,
R
o
o
F
i
t
:
:
B
i
n
n
i
n
g
(
6
4
)
)
;

 
 
b
k
g
_
m
o
d
e
l
.
p
l
o
t
O
n
(
p
l
o
t
)
;

 
 
b
k
g
_
m
o
d
e
l
.
p
l
o
t
O
n
(
p
l
o
t
,
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R
o
o
F
i
t
:
:
R
a
n
g
e
(
1
5
0
,
 
1
7
5
0
)
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R
o
o
F
i
t
:
:
N
o
r
m
R
a
n
g
e
(
"
b
k
g
_
r
e
g
i
o
n
"
)
,

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R
o
o
F
i
t
:
:
L
i
n
e
S
t
y
l
e
(
k
D
a
s
h
e
d
)
)
;

 
 
p
l
o
t
-
>
D
r
a
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)
;

 
 
c
1
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a
v
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"
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i
t
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a
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b
k
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n
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p
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;
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i
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u
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P
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i
p
p
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t
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s
t
e
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b
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R
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/
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o
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e
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"
N
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"
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"
N
_
{
S
}
"
,
 
-
1
0
0
0
.
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,
 
1
0
0
0
0
.
0
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;
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o
o
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B
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B
"
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"
N
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{
B
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"
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1
0
0
0
.
0
,
 
1
0
0
0
0
.
0
)
;
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d
d
P
d
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a
t
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_
m
o
d
e
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"
d
a
t
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_
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o
d
e
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"
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i
g
n
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B
a
c
k
g
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o
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n
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M
o
d
e
l
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o
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r
g
L
i
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s
i
g
n
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o
d
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l
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b
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o
d
e
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R
o
o
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r
g
L
i
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p
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R
o
o
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e
s
u
l
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d
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i
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i
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F
A
L
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;
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i
t
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n
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u
d
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s
 
n
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d
e
d
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o
r
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s
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t
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p
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u
d
e
 
“
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o
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d
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”
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n
c
l
u
d
e
 
“
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o
o
R
a
n
d
o
m
.
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”

#
i
n
c
l
u
d
e
 
“
T
R
a
n
d
o
m
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h
”

v
o
i
d
 
P
V
a
l
u
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(
U
I
n
t
_
t
 
c
y
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l
e
 
=
 
0
)
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g
R
a
n
d
o
m
-
>
S
e
t
S
e
e
d
(
2
0
1
6
0
4
1
4
+
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y
c
l
e
)
;
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o
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a
n
d
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n
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t
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e
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2
0
1
6
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4
1
4
+
c
y
c
l
e
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;

 
 
 
 
/
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t
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r
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t
o
 
d
e
f
i
n
e
 
t
h
e
 
m
o
d
e
l
s
,
 
f
i
x
i
n
g
 
p
a
r
a
m
e
t
e
r
s
 

 
 
/
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r
m
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f
r
o
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t
h
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f
i
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a
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R
o
o
M
C
S
t
u
d
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m
c
S
t
u
d
y
(
b
k
g
_
m
o
d
e
l
,
 
R
o
o
A
r
g
S
e
t
(
m
a
s
s
)
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R
o
o
F
i
t
:
:
F
i
t
M
o
d
e
l
(
d
a
t
a
_
m
o
d
e
l
)
)
;

 
 
m
c
S
t
u
d
y
.
g
e
n
e
r
a
t
e
A
n
d
F
i
t
(
1
0
0
,
 
7
3
9
1
)
;

 
 
R
o
o
D
a
t
a
S
e
t
 
n
s
(
m
c
S
t
u
d
y
.
f
i
t
P
a
r
D
a
t
a
S
e
t
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;

 
 
T
H
1
F
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s
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h
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s
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H
1
F
*
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c
r
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s
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r
a
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"
n
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h
i
s
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"
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N
_
S
,
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R
o
o
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i
t
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B
i
n
n
i
n
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0
0
0
0
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-
5
0
0
,
5
0
0
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)
;

 
 
T
F
i
l
e
 
f
o
u
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(
F
o
r
m
(
"
p
v
a
l
u
e
-
%
d
.
r
o
o
t
"
,
 
c
y
c
l
e
)
,
"
r
e
c
r
e
a
t
e
"
)
;

 
 
f
o
u
t
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c
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)
;

 
 
n
s
_
h
i
s
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>
W
r
i
t
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)
;
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o
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.
C
l
o
s
e
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)
;
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/
b
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u
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u
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p
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u
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i
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C
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D
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r
e
c
t
o
r
y
 
w
h
e
r
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e
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c
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t
a
b
l
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w
i
l
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b
e
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c
v
m
f
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/
a
t
l
a
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c
e
r
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c
h
/
r
e
p
o
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S
L
o
c
a
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o
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B
a
s
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/
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8
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_
6
4
/
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o
t
/
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.
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l
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-
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c
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b
i
n
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a
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u
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S
L
U
R
M
_
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R
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h
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u
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a
c
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i
t
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u
n
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o
l
l
o
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a
t
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p
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u
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u
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t
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p
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u
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p
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b
ab

ility o
f th

e altern
ative h

yp
o
th

esis b
ein

g
 “tru

e” o
r “co

rrect” - it 
m

erely su
g
g
ests th

at o
n
e m

ig
h
t w

an
t to

 exp
lo

re th
is “b

u
m

p
” m

o
re clo

sely.

A
lso

, keep
 in

 m
in

d
 w

e've o
n
ly in

clu
d
ed

 statistical u
n
certain

ties in
 o

u
r 

assessm
en

t – ad
d
in

g
 system

atic u
n
certain

ties w
ill in

crease th
e p

-valu
e.

T
h
is is m

erely th
e p

ro
b
ab

ility o
f th

e resu
lt 

g
iven

 th
e n

u
ll h

yp
o
th

esis (b
ackg

ro
u
n

d
-

o
n
ly m

o
d
el)

{ 
 
T
F
i
l
e
 
f
(
“
p
v
a
l
u
e
.
r
o
o
t
”
)
;

 
 
T
H
1
F
*
 
h
i
s
t
 
=
 
(
T
H
1
F
*
)
 
f
.
G
e
t
(
“
n
s
_
h
i
s
t
_
_
N
_
S
”
)
;

 
 
I
n
t
_
t
 
n
s
_
b
i
n
 
=
 
h
i
s
t
-
>
F
i
n
d
B
i
n
(
2
4
.
5
4
)
;

 
 
D
o
u
b
l
e
_
t
 
N
_
a
b
o
v
e
_
N
S
 
=
 
h
i
s
t
-
>
I
n
t
e
g
r
a
l
(
n
s
_
b
i
n
,
 
1
0
0
0
0
)
;

 
 
D
o
u
b
l
e
_
t
 
p
v
a
l
u
e
 
=
 
N
_
a
b
o
v
e
_
N
S
/
1
0
0
0
0
.
;

}
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A
d
d
itio

n
al E

xercises (I)

●
G

o
 b

ack to
 th

e fits an
d

 see h
o
w

 sen
sitive th

e resu
lts are to

 ch
an

g
es in

 
p
aram

eter ran
g
es o

r startin
g
 valu

es, e.g
. th

e m
ean

 o
f th

e C
rystal B

all 

F
u
n
ctio

n
, o

r th
e slo

p
e o

f th
e exp

o
n

en
tial. U

se 
R

o
o
R

ealV
ar::setR

an
g
e() an

d
 R

o
o
R

ealV
ar::setV

al() to
 ad

ju
st th

ese 
o
p

tio
n

s.

●
“S

can
” in

 m
ass aro

u
n

d
 th

e b
est-fit valu

e. T
o d

o
 th

is, set th
e sig

n
al 

m
o

d
el p

eak p
aram

eter to
 co

n
stan

t 
(R

o
o
R

ealV
ar::setC

o
n

stan
t(kT

R
U

E
)) an

d
 th

en
 set its valu

e to
 a 

sp
ecific n

u
m

b
er (R

o
o

R
ealV

ar::setV
al(X

X
X

)). R
ed

o
 yo

u
r 

p
seu

d
o

exp
erim

en
ts fits. R

eco
m

p
u
te th

e p
-valu

e. T
ry th

is fo
r 4

 m
ass 

valu
es aro

u
n
d

 th
e b

est-fit valu
e. W

h
at is th

e tren
d
 in

 p
-valu

e aro
u
n

d
 

th
e b

est-fit valu
e?
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A
d
d
itio

n
al E

xercises (II)

●
In

stead
 o

f testin
g
 th

e p
ro

b
ab

ility o
f th

e n
u
ll h

yp
o

th
esis as 

a g
o

o
d

 exp
lan

atio
n
 fo

r th
e d

ata, in
stead

 try to
 co

m
p
u
te a 

“co
n

fid
en

ce level” th
at th

e tru
e valu

e o
f th

e sig
n
al yield

 lies 
b
elo

w
 yo

u
r o

b
served

 level. U
se th

e 9
5
%

 co
n
fid

en
ce level.

●
H

IN
T

S
: yo

u
 w

an
t to

 ru
n
 p

seu
d
o
exp

erim
en

ts u
sin

g
 yo

u
r fu

ll 
m

o
d
el. In

crease slo
w

ly th
e tru

e n
u
m

b
er o

f sig
n
al even

ts yo
u
 

in
ject (N

S
tru

e) in
to

 each
 en

sem
b
le o

f p
seu

d
o
exp

erim
en

ts. F
in

d
 

th
e valu

e o
f N

S
tru

e su
ch

 th
at 9

5
%

 o
f th

e tim
e th

e fitted
 sig

n
al 

yield
 lies B

E
L

O
W

 N
S

d
ata. T

h
is valu

e o
f N

S
tru

e is th
e 9

5
%

 

co
n
fid

en
ce level u

p
p
er lim

it o
n
 th

e tru
e yield

 o
f sig

n
al in

 th
e 

d
ata, g

iven
 th

e b
ackg

ro
u
n
d
 an

d
 sig

n
al m

o
d
els o

f ch
o
ice.
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A
d
d
itio

n
al E

xercises (III)

●
L

o
o

k at th
e “p

u
ll d

istrib
u
tio

n
s” o

f yo
u
r sig

n
al an

d
 b

ackg
ro

u
n

d
 yield

 fits 

in
 th

e p
seu

d
o

exp
erim

en
ts.

●
A

 “p
u

ll” is th
e d

ifferen
ce b

etw
een

 th
e tru

e an
d

 fitted
 valu

es, d
ivid

ed
 b

y th
e 

u
n

certain
ty o

n
 th

e fitted
 valu

e. T
yp

ically, yo
u
 exp

ect th
is to

 b
e a d

istrib
u
tio

n
 

cen
tered

 at 0
, d

istrib
u

ted
 acco

rd
in

g
 to

 G
au

ssian
 statistics (ran

d
o
m

, u
n
co

rrelated
 

yield
s fro

m
 fit to

 fit), w
ith

 a G
au

ssian
 w

id
th

 p
aram

eter o
f 1

.0
 (m

ean
in

g
 th

at 

typ
ically, 6

8
%

 o
f th

e tim
e yo

u
r fitted

 yield
 lies w

ith
in

g
 1

 stan
d

ard
 d

eviatio
n
 o

f 

th
e tru

e valu
e).

●
If th

is p
u

ll d
istrib

u
tio

n
 is sh

ifted
 fro

m
 0

.0
, yo

u
 h

ave a “b
ias” in

 yo
u

r fit 

p
ro

ced
u
re th

at favo
rs valu

es o
th

er th
an

 th
e tru

e valu
e. C

h
eck yo

u
r m

o
d
el fo

r fit 

p
ath

o
lo

g
ies (e.g

. are p
aram

eters h
ittin

g
 th

eir ran
g
e b

o
u

n
d

aries? A
re fits failin

g
 

fo
r o

th
er reaso

n
s. R

ead
 yo

u
r lo

g
 files!)

●
If th

e p
u

ll d
istrib

u
tio

n
 h

as a w
id

th
 o

th
er th

an
 1

.0
, o

r is skew
ed

, yo
u
r erro

rs are 

n
o

t estim
ated

 co
rrectly. A

g
ain

, ch
eck fo

r fit p
ath

o
lo

g
ies.


