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Update

* Working on the new branch that Jonathan created, jn_issue27 -
change of workspace code: separate the model that generates
dataset and the model that is used for fitting = able to create the
workspace for WDNM, NDWM and run LZStats of sensitivity mode
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To do

* For wdnm case: increase toy number to 1000, try log-scan, decrease
max POl to ~10

* Finish ndwm case



Update

e Had a chat with Jonathan and Scott on the wall test slide

» Suggestions from Scott, more tests:

* Using the same data file for the No wall data, no wall model & No wall data, with wall
model case (same case for the With wall data, with wall model & with wall data, no wall
model) =2 use the data file generated from the test of sensitivity mode, instead of from
the workspace

* How to do it: When run LZStats on the sensitivity mode, 500 toys->500 data file, save
these data files and use the average number as the no_wall_data.root file and run it with

the no wall data, with wall model case



Dataset Plot

* Using the code plot_toy Data.C to plot
Histogram of  S1 logS2
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Update

* Adding an event in the wall model area to the dataset

* Got more precise region that with wall data + no wall model can work
 Random dataset for the pt (15, 3)
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Fixed ) . .
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Pt: (15, 3)

Histogram of _ S1_logS2
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To do

* Do more points for random dataset
e Redo previous tests?



Previous Slides



Update

e Added an event to the wall model
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To do

* More runs?

* Other positions for the added point, change the S1, S2 range of wall
model?



Update

* Finished the test on wall model:
«S1->1/58S1
e Sigma of wall constraint : 0.5->0.8

uncand mu_wall TayType==0)

uncond mu_wall ToyType=«=0)

Sigma =0.8 Sigma = 0.5

 Changed rate of wall event
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I:I Expected CLs+b +2 0

@ NULL p-value (obs)

9 1
mu_sig

WDWM, cst, sigma =0.8
(2.2494, 2.8446)

5 6 7 8
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1.2

0.8

0.6

0.4

0.2

nowm
nowm

ndwm, obs_Data, mu_sig

ndwinm
nowm

1/5

cct ndwimnm rcct ndwm cct
, ST, NGWM, CST, nCWm, CSY,

Sigma0.8 mu_Wall2 mu_wall

nll\um r
TIUvVVITT, o

st
7.

ndwm cst
—-howm, cst,

5 mu_walll5
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2.5

15

0.5

wdwm, obs_data, mu_sig

ndwm, cst  ndwm ndwm, cst,ndwm, cst, ndwm, cst, ndwm, cst, ndwm, cst,
1/5 Sigma0.8 mu_Wall2 mu_wall7.5 mu_wall15
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Update

e 10 Runs for with constraint and w/out constraint



Obs_data generated from workspace
60d, 40 GeV
Wall Model (80, 3)

log_10(S2c [phd])

Histogram of _ S1 _logS2

55 __S1_logS2
T Entries 40000
T Mean x 52.15
L Mean y 4.361
S StdDevx 28.59
_ =aStdevy 0.2659
45—
4
3.5
i
RN
2 5_I | | | L 111 | L 111 | L 111 | L 111 | 1111 | 1111 I | | ] | | | L 111
0 10 20 30 40 50 60 70 a0 100
S1c [phd]

Model+Data,cst
Mu_sig setto O

log_10(S2c [phd])

Histogram of _ S1_logS2

55

|I||l||||||||

25_IlIIl]IIIIIIIlllIII|Il|lIIIIIIIIIIllIIIlIlIIIII[l

__S1_logS2

Entries 40000
Mean x 40.55
Mean y 4.151

Std Dev x 30.61

0 10 20 30 40 50 60 70

Model+Data,cst

a0 100
Sic [phd]
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500 Toys
Calculator type =0

® NULL p-value (obs)

mu_sig

p-value

Expected CLs+b - Median

. Expected CLs+b =10
D Expected CLs+b +2 0

®  NULL p-value (obs)

mu_sig

NDWM, cst

0.9
0.8
0.7
0.6
05
0.4
0.3
0.2
0.1

p-value

p-value

Expected CLs+b - Median

. Expected CLs+b =10

Expected CLs4b +2 0

. LL p-value (obs)

1 2 3 4 5 6 7 8 9 10
mu_sig

Expected CLs+b - Median

. Expected CLs+b =10

Expected CLs+b 2 0

ULL p-value (obs)

mu_sig

WDNM, cst

p-value

p-value

Expected CLs+b - Median

. Expected CLs+b 10
D Expected CLs+b 2 0

®  NULL p-value (obs)

NULL p-value (obs)

WDWM, cst

p-value

NULL p-value (obs)

mu_sig

p-value

Expected CLs+b - Median

. Expected CLs+b =10
I:I Expected CLs+b 2 0

®  NULL p-value (obs)

1

mu_sig
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obs_data & best fit

10 runs,
500 Toys
10 ® ® obs_data _
9.828775 € ol best i Calculator type =0
60 d
352205 o 3.73662 ¢
281724 § 573807 © 282623 4 27487 ® 2.81872 € 281339 2.8108 §

1.01794 § 1.03867 @€

ndwm, cst ndwm wdnm, cst @ wdwm, cst wdwm ndnm
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To do

* Run with 1/5 S1 value on wall model for comparison
* Play with the width of sigma for wall constraint
* Include +/- 1sig, 2 sig in the comparison?



Update

* 1. Fixed the entry problem
* Set initial mu_sig value to be 0 (Thanks to Jonathan’s intuition©)
* Able to run No model + data case

e 2. Tried the discovery case



60d
problem

Sensitivity

OBSERVED DATA

seoksk ok sk ok ok sk ok sk ok ok sk ok sk sk ok sk ok sk sk ok sk ok sk sk ok sk ok sk sk ok sk ok ok ok
>> Generating a random dataset
mu_bckg = 247.045

mu_sig = 0

mu_total = 247.045

n_0 (Poisson) = 247

Data+model

Generate data.root file

OBSERVED DATA

skokokokokokokskskokokokokokskokskokokokskskokskokskskskkokokokok sk sk ok ok

Data file:
/afs/hep.wisc.edu/home/1iu674/LowE_NR_group/projects/MDC3/DataWithwall.root
RooDataSet::obs_datalS1,1l0gS2] = 3f}_EEE£ig§_

mu_B8 = 1.36605 +/- ©.0556527 (limited)
mu_beta = 163.847 +/- 24.5343 (limited)
mu_highnr = 29.9979 +/- 1.95864 (1
mu_pp = 0.00842288 +/- ©0.000168463 (1
mu_sig = 105.319 +/- 10.2295 (limited)
mu_vvBB = 40.251 +/- 21.0395 (limited)
mu_wall = 0.697606 +/- 0.383162 (limited)

OBSERVED DATA

stk oK oK ok ok sk ok oK oK oK ok ok sk ok ok ok ok Kk sk ok ok ok ok ok k sk ok ok oKk ok ok

Data file:
/afs/hep.wisc.edu/home/1iu674/LowE_NR_group/projects/MDC3/DataNowWall.root
RooDataSet::obs_datal[S1,1l0gS2] = %ﬁg/gggglgg_

No Data+model

OBSERVED DATA

sokokoskokskskskskokokoksk sk sk skkskokoksk ok sk sk sk sk skokokokok sk ok sk sk sk ok

Data file:
/afs/hep.wisc.edu/home/1iué74/LowE_NR_group/projects/MDC3/DataNowWall.root
RooDataSet::obs_datalS1,10gS2] = 340 entries

AN SAR] - T

mu_B8 = 1.36777 +/- 0.0546722 (limited)
mu_beta = 160.101 +/- 25.8269 (limited)
mu_highnr =30 +/- 22.5884 (limited)
mu_pp = 0.00842287 +/- 0.000168458 (1
mu_sig = 106.25 +/- 10.7453 (limited)
mu_vvBB = 40.8155 +/- 20.4589 (limited)
mu_wall = 0.829442 +/- 0.432274 (limited)
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p-value

p-value

[14]

=0
0.9 [ i
e~ Expected CLs+b - Median 7 0= . 60 I|V€day5
0-7 I cociei =10 08 500 Toys

. 0.7

06 [ ] eossacisn 20 05 Calculator
0 Type =0

NULL p-value (obs) 0.5

N T I R S S A L 5 6 7 8 9 10
data + model, sensitivity =~ ™19 Data + model data file ™-5
(6.044, 2.993) (9.8821, 2.807)

p-value
p-value

..... Expected CLs+b - Median

. Expected CLs+b +10
I:' Expected CLs+b +2 0

® NULL p-value (obs)

® NULL p-value (obs)

T

o b b

1 2 3 4

1T

rilh ST AR B

3 4 5 6 7 8 9 10 1T 2 3 4 5 6

data + no model mu_sio no data + model mu_sio no model + no dat23
(9.6353, 2.736) (1.467, 3.009) (3.655, 2.701)

5 6 7 8 9 1

mu_sig



WDWM, WDWM,
=1 1314)14Y; data

Entries

Mu_sig 1.38 +/- 1.95 4.36 +/- 2.62 6.63e-6 +/- 0.57 4.36 +/-2.62 7.04e-13 +/-0.94

Mu_wall 0.70 +/- 0.45 0.69+/-0.45 0.71+/-045 - e
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107

102

10°

10

Discovery case

—— B_model
— test statistic data
—— Asymptotic formula

LT s
- N\.
B Error
_ To be continued
f | | i L | | |
0 1 2 3 4 5 6
t mu

Model+data, input: data file
generated from the workspace that
has wall model

Model+data, sensitivity

N
LB
10 N

\

10

—— B_model
— test statistic data
—— Asymptotic formula

R q\:i\;\rLr-L =\‘:\- iy
N \ > O N \
1072 BN AR 4 \
NN NN NN N N
N S HEY \ \
N H RS In
W AR )
NN N
RS N
NN NN \
Sy NS N\
NN N \ N
ay H R \ N\
> NS :
Y
4 BN, SSNHNY il N
10
2 3 4 5 6 7
t_mu

No data+model
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OBSERVED DATA

skeokskokok koK skosk ok ok ok sk ok sk sk sk sk sk ok sk ok sk sk ok sk ok ok sk ok sk sk ok ok ok ok

Data file:
/afs/hep.wisc.edu/home/1iu674/LowE_NR_group/projects/MDC3/DataWithwWalll_1000.roo0
t

RooDataSet::obs_datal[S1,10gS2] = 241 entries

mu_B8 = 1.36456 +/—- 0.0546767 (limited)
mu_beta = 167.588 +/- 31.97 (limited)
mu_highnr = 26.8552 +/- 27.9975 (1
mu_pp = 0.00842286 +/- 0.000168457 (1
mu_sig = 4.36398 +/- 2.61586 (limited)
mu_vvBB = 41.7393 +/- 20.6331 (limited)
mu_wall = 0.694122 +/- 0.450323 (limited)

OBSERVED DATA

skokokok ok ok ok sk ok sk sk ok sk ok ok sk ok sk sk ok sk sk sk sk sk sk sk sk sk sk sk ok ok sk ok

Data file:
/afs/hep.wisc.edu/home/1liu674/LowE_NR_group/projects/MDC3/DataNowWalll_1000.root
RooDataSet::obs_datal[S1,10gS2] = 240 entries

mu_B8 = 1.36613 +/- ©0.0546374 (limited)
mu_beta = 183.551 +/- 31.967 (limited)
mu_highnr = 17.2461 +/- 23.1274 (limited)
mu_pp = 0.00842285 +/- 0.000168457 (limited)
mu_sig = 6.63435e-06 +/- ©0.568307 (limited)
mu_vvBB = 38.9405 +/- 20.4845 (limited)
mu_wall = 0.710063 +/- 0.448702 (limited)

Data+model

No Data+model
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Model + Data, sensitivity

OBSERVED DATA
sk ok 3k ok ok 3K ok ok ok ok ok ok ok ok ok ok sk ok ok ok sk ok sk ok sk ok sk ok sk ok ok ok ok oK
>> Generating a random dataset

mu_bckg = 240.734 mu_B8 = 1.36882 +/- 0.0546152 (limited)
mu_sig = @ mu_beta = 162.13 +/- 25.749 (limited)
mu_total = 240.734 mu_highnr = 29.9997 +/- 19.2077 (1
n_® (Poisson) = 240 mu_pp = 0.00842288 +/- 0.000168457 (1
>> Random data file created successfully: TE:EE%B_,,E_1;383QZ~ +/- 1.95374 (l}m}ted)
./output/lzstats-workspace_change_wall_60d_wdwm_sun  MU_VV = 42.7318 +/- 20.5285  (limited)
req-nPOI_9-two_sided-NP_on-runl/data/mockData.root mu_wall = 0.69713 +/- ©0.450321 (limited)
RooDataSet::obs_datal[S1,109S2] = 240 entries
Model+data, data mu_B8 = 1.36456 +/- 0.0546767 (limited)
OBSERVED DATA mu_beta = 167.588 +/- 31.97 (limited)
KKK H KKK KKK KK KK H KK KoK KoK KoK KK KoK KoK KKK KKK mu_highnr = 26.8552 +/- 27.9975 (1
Data file: mu_pP = 0.00842286 +/- 0.000168457 o (1
/afs/hep.wisc.edu/home/1iu674/LowE_NR_group/p mu_51gB i Zisgggg +§_ gébzggi Ei%m}teg;
RooDataSet::obs_datalS1,10gS2] = 241 entries mu_vv - : +/- : }m}te

mu_wall = 0.694122 +/- 0.450323 (limited)
Model+ No data

mu_B8 = 1.36613 +/— ©.0546374 (limited)
OBSERVED DATA mu_beta = 183.551 +/- 31.967 (limited)
sk ok sk sk sk sk ok ok ok ok ok ok ok ok ok oK oK KoK oK ok ok ok ok ok ok ok ke sk ke sk sk sk sk sk sk ok mu_highnr = 17.2461 +/- 23.1274 (1
Data file: mu_pp = 0.00842285 +/- 0.000168457 (1
/afs/hep.wisc.edu/home/1iué74/LowE_NR_group/p TE:EE%B__,E—Q*ﬁ3535£:QQ— +/- 0.568307 (l}m}ted)
RooDataSet::obs_datal[S1,10gS2] = 240 entries mu_vv = 38.9405 +/-  20.4845 (l}m}ted)

mu_wall = 0.710063 +/- 0.448702 (limited)




Update

* Add constraint function to wall model
* Run model + data, model+no data case for 60d
* Run LZStats with calculator type 1, with 500 toys caused a crash in the middle
* Compare the result of calculator type =1 and 0 (Toy = 100)

* Run no data, with model case with other background source (vvBB) --
> how it affects the mu_sig value



..... Expected CLs+b - Median

. Expected CLs+b +10
I:l Expected CLs+b +2 o

® NULL p-value (obs)

p-value

3 4 5 6 7 9 1
with model, no data mu_sig

(0, 3.032)

p-value
o
w

..... Expected CLs+b - Median

. Expected ClLs+b =10

Expected ClLs+b =2 o

® NULL p-value (obs)

IIIIIIIIIIIIIIIII

1 2 3 4 5 6 7 8 9 10
no model, no data mu_sig
(2.7009, 3.6545)

p-value

..... Expected CLs+b - Median

. Expected CLs+b =10
E’ Expected CLs+b £2 o

e NULL p-value (obs)

4 5 6 7

mu_sig

with model, with data
(1.7536, 2.8262)

60 livedays

500Toys

40GeV

With wall constraint
Calculator Type =0
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p-value

..... Expected CLs+b - Median

. Expected CLs+b =10
I:I Expected Cls+b 22 o

e MNULL p-value {obs)

mu_sig
with model, no data
(0, 3.0115)

p-value

NULL p-value (obs)

||4 5 6 7

8

mu_sig

no model, no data
(2.7009, 3.6545)

p-value

..... Expected CLs+b - Median

. Expected CLs+b £10
I:‘ Expected CLs+h 2 0

e NULL p-value (obs)

with model, with data
(1.5759, 2.6897)

mu_sig

60 livedays
500Toys

40GeV

No wall constraint
Calculator Type =0
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uncand rmu_pp | Tay Typeas=(] wicandmu_wBE {TayType =)
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Traws 00 e
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uncand mu_sig {TayType==0) wncand.mu_pp {TayType=—0) uncand mu_wBB {TayType==0]
T T

2
ureord_sg
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= = == NULLhypothess, condtional it == == MULL hypotheds, conditional fit
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= === ALT hypothesis, condtitional fit = == — ALT hypothess, conaitional it
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Observed data, uncondtional it

= = = = Observed data, conditional fit = === Obserd data, conditional fit

— Conairant Fundion

Constraint Fundion

60d 60d
Data+model Data+model

No wall constraint With wall constraint
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60 livedays
100Toys

Calculator type e

With wall constraint

o 1 o)
= =
4] 4]
> 09 > 09 .
a B = Expected CLs4+b - Median a =®u . me=e- Expected CLs4b - Median
0.8 0.8
. Expected CLs+b 10 . Expected CLs+b 10
0.7 0.7

Expected CLs+b =2 o 0.6 Expected CLs+bh 2 o

0.5
0.4

e NULL p-value (obs) e NULL p-value (obs)

0.3 0.3
0.2 0.2
0.1F 0.1F
T R e eI TR APRTATR IS b
e o I - N R
mu_sig mu_sig
With Model, with data With model, with data

Calculator Type = 1 Calculator Type =0
(3.1623, 3.1623) (4.3928, 3.0854)



60 livedays
100Toys

Calculator type e

With wall constraint
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—— Congirant Fundion
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Calculator Type =1 Calculator Type =0

47



Calculator type

60 livedays
100Toys
40GeV

With wall constraint

With Model, with data
Calculator Type =1
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p-value

vVBB

60d

oo Expected CLs+b - Median
0.8

. Expected CLs+b =10
0.7
06 [:]Emmwcumxzo
0.5 ® NULL p-value (obs)
0.4
0.3
0.2
0.1

0
mu_sig
no vvBBdata + model
(0, 3.1623)

mu_B8 = 1.37045 +/- 0.0546247 (limited)
mu_beta = 124.442 +/- 25.8879  (limited)
mu_highnr = 29.9959 +/- 21.4604 (1
mu_pp = 0.00842288 +/- 0.000168457 (1
mu_sig = 97.6774 +/- 10.1734  (limited)
mu_vvBB = 43.095 +/- 20.5078 (limited)

p-value

mu_B8
mu_beta
mu_highnr
mu_pp
mu_sig
mu_vvBB
mu_wall

Expected CLs4+b - Median

. Expected CLs+bh =10
I:I Expected CLs+b 22 o

® MNULL p-value (obs)

p-value

no wall data + model
(0, 3.0115)

1.36838 +/-
179.293 +/-

= 0.0961636
41.2129 +/-
95.0326 +/-
29.0058 +/-
0.717923 +/-

mu_sig

0.0546394 (limited) mu
22.1503 (limited) mu

+/- ©.0718755 (limitmu
0.824277 (limited) mu
10.2029 (limited) mu
15.7028 (limited) mu
0.449614 (limited) mu

Expected CLs+b - Median

- Expected CLs+b =10
|:| Expected CLs+b +2 0

e NULL pvalue {obs)

9 1
mu_sig

with vwBB data + model
(2.7009, 3.6545)

_B8 = 1.3685 +/- 0.0545922 (limited)
_beta = 148.658 +/- 21.7967 (limited)
_highnr = 0.0920129 +/- 0.0719094 (limited)
_pp = 41.2149 +/- ©.824283 (limited)
_sig = 3.76949e-06 +/- 0.656966 (limited)
_VVBB = 49.9272 +/- 15.5211 (limited)
_wall = 1.19545 +/- 0.379159 (limited)
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p-value

p-value

mu_sig

with model, no data
(0, 8.5611)

® NULL p-value (obs)

10
mu_sig

no model, no data
(0, 5.5492)

p-value

® NULL p-value {obs)

with model, with data
(5.5488, 5.3783)

1000livedays
500Toys
40GeV
S1=16
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New update

e Create wall data

* Finished four cases of the wall model and the data for 1000d,
1500~1700min to run

e Change 1000d -> 60d, 80~100min to run
* Change S1 value (80) of the wall model ->1/5 S1 (16)



log_10(S2c [phd])

log_10(S2c [phd])

Histogram of _ S1_logS2

Histogram of _ S1 logS2 65 — 51 10gS2
5.5 S2 T Entries 40000
40000 = : Mean x 51.57
52.52 & - Mean y 4.348
4.365 (7 28.94
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2 45
4.5 C
03
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Interpolation order =1
Interpolation order =0
65 __S1_logS2 __51_logS2

Entries 40000 5.5

Mean x 51.57
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Entries 40000
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Std Dev™  28.94
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p-value

® NULL p-value (obs)

% 7 8 9 1

mu_sig

With model, with data
(2.763, 5.0081)

p-value

----- Expected CLs4b - Median

. Expected CLs4b +10

Expected Cls+b 2 0

mu_sig

With model, no data
(0, 8.1071)

p-value

® NULL p-value (obs)

No model, no data
(0.8653, 4.5748)

Error Log

MnSeedGenerator: for initial parameters FCN = -1e+30
#0@] WARNING:Mini ion —— RooMinimizerFcn: Minimi

tion has er

1000 livedays
500 Toys
40GeV

Fluctuation on 500 toys
10 runs, non-log: 5.6%
5runs, log: 9.7%

Returning maximum FCN so far (-1e+30) to force MIGRAD to back out of this region. Error log follows
Parameter values: mu_B8=33.7589, mu_beta=2788.13, mu_highnr=1.59861, mu_pp=685.575, mu_sig=2, mu_vvBB=6é

03.82

No model, with data
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TS {ToyType==0}
higimp

Eraiea 450

1wk Mean 07T

E 2 d Dew 'R
¢
0
1

-i'. g o z 4 & & 10 1z
TS5

With model, with data

TS {ToyType=0}

hbaimp
= Erakea 4500
N Mean 074G
e Gdles 108
1wwr'E
10

PP P
2 10 12 4
15

£ o z 4 &

No model, no data

MULL hypothad s, unoond tonal it
MNULL Mypothesl s, conditional At
ALT hypothesls, uncondilonal it
ALT hypothesl s, conciitional fit
Obsered data, urconditiona fit
Cbserved data, conditional fit

Conatrant Fundtion

TS {ToyType==0}
Heme
e Erdrsa 4500
i (i
g 1.0
g
10
=
El p sl sl el
. 0 2 4 & 3 10 1z H
TS

With model, no data
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Mu_wall

uncond.mu_wall {ToyType==0}

hlrmp

g |
2498
A%

i 3
e red rrad e |

With model, with data

wncand mu_wall {TayTypa==0)

0

o

0

With model, no data
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p-value

p-value

----- Expected CLs+b - Median

. Expected CLs+b %10
I:I Expected CLs+b =2 0

e NULL p-value (obs)

mu_sig
with model, no data
(0, 3.0115)

NULL p-value (obs)

||4 5 6 7

8

mu_sig

no model, no data
(2.7009, 3.6545)

p-value

..... Expected CLs+b - Median

. Expected CLs+b £10
I:‘ Expected CLs+h 2 0

® NULL p-value (obs)

with model, with data
(1.5759, 2.6897)

mu_sig

60 livedays
500Toys
40GeV
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1000d S1 =80 NMND WMND WMWD

. mu_B8 = 22.8801 +/- 0.899772 (limited) mu_B8 = 22.7223 +/- 0.898862 (limited)
mu_B8 = 22.6238 +/- 0.900904 (limited) mu_beta = 2790.25 +/- 128.957  (limited) mu_beta = 2721.68 +/- 126.416  (limited)
mu_beta = 2601.55 +/- 125.835  (limited) mu_highnr = 1.66107 +/— 1.18804  (limi‘ ., ps : - .

- - .. ol mu_highnr 1.19898 +/- 1.16059 (limited)
mu_highnr = 1.91342 */- 1.1663  (limitpy pp = 685.734 +/- 13.7083  (limited) mu_pp = 685.503 +/- 13.7088  (limited)
mu_pp = 685.552 +/- 13.7685  (limited) mu_sig = 99.7426 +/- 11.7455  (limited) mu_sig = 0.000179582 +/- 1.85019 (limited)
ULl e R el RO S IO/ (e o) mu_vvBB = 599.906 +/- 113.991  (limited) mu_vvBB = 672.398 +/- 112.31  (limited)
mu_vvBB = 790.199 +/- 111.955  (limited) mu_wall = 0.00020556 +/- 0.515219 (limited) - - _ imi

Lo R . mu_wall 15.3528 +/- 3.95649 (limited)
Minuit2Minimizer::Hesse using max—-calls 3000 Minuit2Minimizer: :Hesse using max-calls 3500 -
1000d S1 = 16 - nu_B8 = 22.8725 +/- ©0.899812 (limited) Mu-B8 = 22.6987 +/- 0.89895  (limited)
mu_B8 = 22.9834 +/- 0.893984 (limited) nu beta = 2789.93 +/— 128.964  (limited) mu_beta = 2742.21 +/- 125.106 (limited)
mu_beta = 2849.35 +/- 126.579 (limited) mu_highnr = 1.64896 +/— 1.19026 (limmu_highnr = 1.35402 +/- 1.15881 (limited)
mu_highnr = 1.71022 +/- 1.1814 (1im|mu'pp = 685.74 +/- 13.7083 (1imited) mu_pp = 685.633 +/- 13.7084 (limited)
mu_pp = 685.588 +/- 13.7087  (limited) pi7eig = 99.6011 +/— 11.7383 (limited) Mu_sig = 9.18943e-06 +/- 3.24849 (limited)
mu_sig = 2.61366 +/- 3.32041 (limited) ;. yvBB = 600.23 +/— 114.803 (limited) Mu_vvBB = 648.585 +/- 110.768  (limited)
mu_vvBB = 534.428 +/- 111.676  (limited) pu_wall = 4.31981e-806 +/- ©.591311 (limited) mu_wall = 6.22466 +/- 2.53271  (limited)
mu_BS8 = 1.36768 +/- ©.0546333 (limited) mu_B8 = 1.36835 +/- ©0.0546378 (limited) Mu_B8 — =1.36836 +/- 0.054593  (limited)
mu_beta = 168.331 +/— 21.494  (limited) mu_beta = 179.012 +/- 22.1341 (limited) Mu_beta = 156.383 */- 21.5197  (limited)
mu—highnr — 0.0948004 +/— ©9.8719291 (1i mu_highnr = 0.0960529 +/— 0.0718966 (1i mu_highnr = 0.0951341 +/- 0.07?8?02 (limited)
- : i = +/- 48 (limited) Mu_pp = 41.2111 +/- ©.824279 (limited)
mu = 41.2164 +/- ©.824267 (limited) ™Mu-PP 41.2192 /- 0.824248  (limited) ; =l
-PP — : : T mu_sig = 95.0126 +/— 10.1997 (limited) mu_sig = 2.46738e-05 +/- 0.755975 (limited)
S e SIS | "\yBB = 29.2128 +/- 15.6858  (limited) MU_VVBB = 44.4113 +/- 15.3156  (limited)
mu_vvBB = 34.6605 +/- 15.4484  (limited) | "\.11 - §.000137438 +/- ©.559187 (limited) mu_wall = 2.01862 +/- 1.41745  (limited)
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With model, with data No model, no data With model, no data

mutot {Toy Type==0} - mutot {Toy Type==0} mutot { Toy Type==0}
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uncaond mu_sig {ToyType==0}
harm
Enirmax

E3d Chary

Entrax
Maan
E3d Chiny
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uncond mu_bala

uncond.mu_wall [ToyType==0}
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hiam

i
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1967

uncond.mu_wBE {ToyType==0}

uncond.mu_highnr [ToyType==0}

uncod ru_highnr

NULL hypohesis, uncondiional 1R
NULL hypothesis, condiional @1
ALT hypohesis, uncondiional @1
ALT hypohesis, condligonal @1
Obsened data, uncondifional 1
Obsened data, condional 1

Cansrainl Funclion
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Update

* How the wall model affects the limit
e Learnt a lot about RooFit

* With Jonathan’s great help, able to create the wall model and add it
to the workspace.

* 4 cases
With wall model No wall data
With wall model With wall data
No wall model No wall data
No wall model With wall data




Wall model

* Create workspace:

* Wall model: create 2 step functions, S1, and logS2, and take their product and
add it to the EventModel

e Can control the expected event of wall model: w->var("mu_wall")->setVal();
* Set the mu_wall to be 15, for 1000 livedays

M ER M Surface Neutron W AC W WIMP

Histogram of hist__S1_logS2 8000
. hist_S1 10gS2 )
E‘ = Entries 40000
s [ Meanx  50.82
& B Mean y 4.149 4000
g 5 StdDevx 28.22
- B Std Devy (.6048
g r — 28 2000
45 —

CSZb [PE]
o
S

| ® o
400 o
) : ., ///
£

00s 51: 0~80 200/ /. = TR DRI S . B

0 logS2: 0~3 T e i i O

0 10 20 30 40 50 60 70 80 90 100 03 10 20 30 40 50 60 70 65
St [phd] cS1 [PE]




p-value

1

Setting:
Min_POIl =0.1
Max_POIl =10
#POI_SCAN =9
LogScan

#TOY =100
Livedays = 1000

= s 'E . WIMP_mass = 40GeV
I W U Expected CLs+b - Median A Expected CLsqb - Median .
0.9F- & 09F Interpolation = 3
0.8F . Expected Cls+b 10 0.8 . Expected CLs+b +10
0.7 Expected CLs+b +2 o 0.7 Expected CLs+b %2 0
0.6 0.6
0.5 0.5
0.4 0.4
0.3F 0.3
0.2 0.2
0.1 0.1
0 """" | 0 | | | I | 1111 | | I | I |
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 10

mu_sig

No wall model, no wall data
mu_sig = 4.8543

mu_sig

With wall model, with wall data
mu_sig = 4.9522
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To Do

* Finish the other two cases
* Increase the toy number, decrease the interpolation order



What’s new

* Test on the number of toys (100, 200, 300, 500, 800, 1000)

* Setting:

* MIN_POI=0.1

« MAX_POI =10
WIMP_mass = 6 GeV
N POI=9
Nest _sample_size = 108
* mu_sig range = (0, 200)



p-value

p-value

TN AR | PP R AR BT S

6 7 8 9 10
mu_sig

Expected CLs+b - Median

. Expected Cls+h =10
I:I Expected CLs+h £2 0

el b b Luay
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IIII||II

p-value

p-value
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NSCAN_POI =9,log scan

Expected Cls+b - Median
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mu_sig

Expected CLs+b - Median
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P T T T o AN
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mu_sig

p-value

p-value

Expected CLs+b - Median

. Expected CLs+b +10
I:I Expected Cls+b +2 0

e by by

IIII||III

7 8 9 10
mu_sig

Expected CLs+b - Median

. Expected CLs+b =10
I:I Expected CLs+b 2 o

7 8 9 10
mu_sig
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p-value

p-value

NSCAN POl = 9,non-log scan
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What’s new

* With the new update, test on the number of toys (100, 200, 300, 500,
800, 1000)

* Setting:
« MIN_POI=0.1
« MAX_POI =30

WIMP_mass =40 GeV
Nest _sample_size = 1077
* mu_sig range = (0, 200)



p-value

p-value

..... Expeciad CLs+b - Madian

. Especded Cls+b £1a
D Especded Cls+b £ 2 &

20 25 30
mu_sig
----- Especied CLs+b - Median

. Expecled Cls+b £ 14

l:l Especled Cls+b £t 2 &

Mu_Si)

p-value

NSCAN POl =9, non-log scan

----- Expeciad CLs+b - Madian

- Expecled Cls+b t1a
D Especled Cls+b t2 o

mu_gk

..... Expected CLs+b - Median

- Expected Cls+b 10
|:| Expected CLs+b 22 0

p-value

na

n.a

..... Expecled Cls+b - Madian

. Especled Cls+b £ 1o
Ij Especled Cls+b t2 &
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p-value

NSCAN POl =16, non-log scan
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p-value

p-value
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0.8 . Expected Cls+b 10 0.8 E_ - Expected CLs+b =10 - Expected Cls+h 10
0.7 I:I Expected CLs+b +2 o 07 Expected CLsib +2 o I:l Expected CLs+b 2 0
0.6 0.6
0.5 0.5
0.4 0.4
0.3 0.3
0.2 0.2
0.1 0.1
i) i T TR T A TR T T T NS N YT NN R T TN SN N B S B | 0 12|-OJLJL2JSLJLJ30
0 5 10 15 20 25 30 1] 5 10 15 20 25 30 mu_sig
mu_sig mu_sig |
) 1 o
=1 =2 .
----- Expected CLs+b - Median w ----- Expected CLs+b - Median @ ----- Expected CLs+b - Median
Z 09 2
. Expected Cls+bh 10 0.8 . Expected CLs+b +10 . Expected CLs+b 10
I:l Expected CLs+b 2 0 0.7 I:l Expected CLsib +2 0 l:l Expected CLs+b +2 0
0.6
0.5
0.4
0.3
0.2
0.1
ORI S ST D TN N U SN B [ i ARSI RROT TR NORUT TRUN AR R AOROTTRUNT IRt TRURS NN AU WU U WA AU WO W LEJOLJLIZLS i
20 25 30 0 5 10 15 20 25 30 mu si
mu_sig mu_sig _sig

Toy = 800



IVon—Log_chn

]
#POIl =16 1 { 1 T L «
T .

10 runs 2 e - T ¢
1
¢ i ¢ ¢ §
0
0 200 400 600 800 1000
#Toys
® mu_sig, logscan  ® mu_sig, non-log
2.1
2.05
° ° b
)
2
b °
°
1.95
1.9 . °
°
1.85
e
1.8
°
1.75
0 200 400 600 800 1000

H#Toys

® _1sig
® 11 sig
® 12 sig

mu_sig

1200

1200

HToys

#POI =16
Log Scan
5 runs

100
200
300
500
800
1000

2.035
1.862
1.782
1.891
1.834
1.896

1.962
2.037
1.983
2.039
2.009
1.979

2.304E-47
2.108E-47
2.017E-47
2.141E-47
2.076E-47
2.146E-47

2.221E-47
2.306E-47
2.244E-47
2.309E-47
2.274E-47
2.240E-47
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Next Step

* The # toy test | did before was on 10 GeV, or do a test on lower WIMP
mass, ~ 6GeV



New Update

* Create new workspace for WIMP = 40 GeV, mu_sig (-100, 100), (-5,
100) (0, 200)
* n_sample = 1e6
Fiducial mass (kg): 5600
Livetime (days): 24
Min POl =0.1
Max POl = 30
* Toys/point: 100

 Compare the graphs for different sources at the lower boundary of
mu_sig (-100, -5, 0)



p-value

----- Especled Cls+b - Madian ~-nn- Especled Cls+b - Median ===== Expecled Cls+b- Madian

p-value
p-value

0.9 09 0.9

0.8 . Especied Cls+b 14 0z . Expected Glssb £ 16 0.8 - Expecied Clarb £ 1
) Ij Espected Clavb £2 o D Expecied Clarh £2 & 07 D Espected Cls+b £ 2 &

06

PN [N TN TN TN U NN TN TN N TN AT T TR Y N (N T S T " R T T I D T A RO T RO DA T D A N T N A

1 oL I LJ_ 1L _J l 1 LoJ__1 I i1 L 1 l 1L _1

10 15 20 25 a0 10 15 20 25 a0

mu_sig u_sig 10 15 20 25 a0

mu_sik

Mu_sig: (-100, 100) Mu_sig: (-5, 100) Mu_sig: (0, 200)
Mu_sig: 1.9457 Mu_sig: 1.9449 Mu_sig: 1.9457
Cross section:2.2e-47 Cross section: 2.2e-47 Cross section: 2.2e-47
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-y

uncond.mu_pp

uncond.mu_pp {uncond.mu_sig<-99.99}

—
L 1
——
——

|

htemp
Entries 138
Mean 16.47
Std Dev  0.3355

LU

-
_m
3]

17

Mu_sig: (-100, 100)

175
uncond.mu_pp

40

35

30

25

20

15

uncond.mu_pp {uncond.mu_sig<-4.99}

htemp

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|
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uncond.mu_pp {uncond.mu_sig<0.01}

htemp

Entries
Mean
Std Dev

1855
16.47
0.323

|—ru-.||.—||

Mu_sig: (0, 200)

17.5 18
uncond.mu_pp
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50

40

30

20

uncond.mu_vvBB {uncond.mu_sig<-99.99}

uncond.mu_vvBB

uncond.mu_vvBB {uncond.mu_sig<-4.99}

htemp

uncond.mu_vvBB {uncond.mu_sig<0.01}

hterp C Enti htemp

E Entries 138 40— M" res 1171 33 - Entries 1855
i Mean 5.126 = Stzag 6739 C Mean 12.9
H- StdDev  6.062 35— ev : - StdDev  6.445
H C 50—
I 30— il
iy C 40H—
[ 25— I
of
i 15__ [
I = 201~
I 10— il
I 10l
H 5 il
—Wﬂﬂlﬁﬁlﬁ%np‘hﬂﬁlﬁﬂﬁﬂhnnnnlr—|mr||r|r1|||r||| 0 v ol v v br e b bt Iy e b o | 0_""l""l""I""l""l"' ol

5 10 15 20 25 0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35

uncond.mu_vvBB uncond.mu_vvBB uncond.mu_vvBB

Mu_sig: (-100, 100) Mu_sig: (-5, 100) Mu_sig: (0, 200)
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uncond.mu_beta {uncond.mu_sig<-99.99}

htemp
Entries 138
Mean 114.8
Std Dev 32.95

L DL

[*2}
o

Mu_sig: (-100, 100)

180

uncond.mu_beta

uncond.mu_beta

45

40

35

30

25

20

10

o

uncond.mu_beta {uncond.mu_sig<-4.99}

hd
=1

Mu_sig: (-5, 100)

a0 100
uncond.mu_beta

- htemp

— Entries 1142
= Mean 63.39
— StdDev  11.85
:I L i1 ||-L|'| ” oo e v v v by v b by | |l_|r| i1 P—I 11

80

70

60

50

40

30

20

10

uncond.mu_beta {uncond.mu_sig<0.01}

uncond.mu_beta

Mu_sig: (0, 200)
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uncond.mu_ B8

uncond.mu_B8 {uncond.mu_sig<-99.99} uncond.mu_B8 {uncond.mu_sig<-4.99} uncond.mu_B8 {uncond.mu_sig<0.01}

_ htemp htemp htemp

= _ Entries 138 = Entries 1142| 80— Entries 1855
= Mean  0.5435 40— Mean  0.5439 C Mean 0.5452
E Std Dev  0.02291 - Std Dev  0.02201 70— Std Dev 0.02223
F 35— c

:_ E 60—

- 30— C

= 25— 50:—

= J 203— 40

= 15— 30—

= 10 20F-

1= = =

= ﬂ UL 1o

o1 L1 I 1 PRI S I 1 — -

0.48 95 952 054 0.56 958 06 0= 0yomd e M ey b by e Ly ey |

uncond.mu_B3 0.48 05 052 054 056 058 06 0.62

uncond.mu_B8

Mu_sig: (-100, 100) Mu_sig: (-5, 100) Mu_sig: (0, 200)
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uncond.mu_highnr

uncond.mu_highnr {uncond.mu_sig<-99.99}

14

12

htemp

Entries 138
Mean 0.03852
Std Dev 0.02572

Mu_sig: (-100, 100)

g MFMM ol o

uncond.mu_highnr

uncond.mu_highnr {uncond.mu_sig<-4.99}

htemp
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o Mt S PSR ST

Entries 1142
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Std Dev 0.02687
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uncond.mu_highnr

uncond.mu_highnr {uncond.mu_sig<0.01}
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uncond.mu_highnr

Mu_sig: (0, 200)
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uncond.mu_sig

uncond.mu_sig

uncond.mu_sig

Fiemp — __htemp [ hemp ]
= i B Entries 3216 |  ntemp |
C ntries 3216 Entries 3216
500l Mean  -8706 B Mean 0.8634 Mean 2.982
C StdDev  26.53 - Std Dev 8.127 .
= : 1000 — 1800 StdDev  6.694
Nl - 1600
- L 1400
00— C 1200
C 600|—
C L 1000
200— ool 800
C - 600
100 — -
B 200|— 400
e R 50" ; ! o
- 0 -40 -20 0 20 40 60 ol I R TR T -
d. X Ll U IR SRR T N S A A S ol v b
uncond.mu_sig 40 05 5 10 15 S 30 35 40 35

uncond.mu_sig uncond.mu_sig

Mu_sig: (-100, 100) Mu_sig: (-5, 100) Mu_sig: (0, 200)
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Problem

uncond.mu_pp {-0.01<uncond.mu_sig<0.01}
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olr _analyser \O) = L(9,7)

L8, D)
* For each run, a FitResults.root is generated

e Conditional & unconditional fit of mu_sig and backgrounds mu_(pp, vvBB,
beta, lownr, highnr, acc)

* Global observables a_(pp, vvBB, beta, lownr, highnr, acc)

* Conditional fit & unconditional fit for negative log likelihood

* Test statistic

* Toy type

* prefit_mutot: the “expected events” with the prefit values of nuisance
parameters

* mutot: : the “expected events” with the best fit values of nuisance
parameters

* n0: the true number of events inside the toy dataset

* Run PlotFitResults.C and compare different mu_sig range



prefit_mutot {ToyType==0}

mutot {ToyType==0}

htemp htemp
200 — Entries 1600 C Entries 1600
- Mean 1411 60 = Mean 140.2
B Std Dev 7.51 - 1 Std Dev_ 14.14
250 |— C
N 50 —
200 - C
_ a0f-
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prefit_mutot {ToyType==0} mutot {ToyType==0}
htemp 120 htemp
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prefit_mutot mutot



n0 {ToyType==0} TS {ToyType==0}

htemp htemp
B Entries 1600 3l Entries 1600
N Mean 140.8 10°E - Mean 1.883
50 |— Std Dev_ 13.87 - Std Dev__ 3.053
a0~
" 10° -
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n0 {Toy Type==0} TS {Toy Type==0}
famp mamp
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uncond.mu_sig (40 GeV)

uncond.mu_sig {Toy Type==0}

uncond.mu_sig {Toy Type==0}

MNULL hypothesis, unconditional fit
MNULL hypothesis, conditional fit
ALT hypothesis, unconditional fit
ALT hypothesis, condtitional fit
Observed data, unconditional fit

Observed data, condtitional fit

hiamp

- hiamp
L Entnas 1600 -
s Mean 4732 R
L Sid Dy 9717 i
wE 1 - 1 ]
2 n l g
- i | I "
= “ I l L
i ¢ N
II |l B
p— '
0 ! I 10 =
L

*lll ll.l. .53

uncand.mu_si

mu_sig (-5, 100)

mu_sig (-100,

Entnas 1600
Maan 2492
Std Dav 1498

uncand.mu_sig
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uncond.mu_ pp

uncond.mu_pp {ToyType==0} uncond.mu_pp {ToyType==0}
10°E B 7500 10 Erires 7600
- Maan 1326 Maan 1327
. "'["l‘ L 'l[l',l, St Dev_0.2603 It - Std Dav 02636
: v
L ”i | T
'-' i1
10 f— II_ | : [ 1 10
= il
b |
I I\ w |l
|| ‘ i
21 i ] w
a - - unmnd.mu uncond.mu_po
mu_sig (-5, 100) mu_sig (-100, 100)
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uncond.mu_vvBB

uncond.mu_wvvBB {ToyType==0} uncond.mu_vvBB {ToyType==0}
hilemp hiamp
Entrias 1600 Entrias 1800
Maan 8.291 Maan 8.882
Std Dev___4.298 Std Dev__ 4686 |

uncond.mu_wBB

uncand.mu_wBEB

mu_sig (-5, 100)

mu_sig (-100, 100)
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uncond.mu_beta

uncond.mu_beta {ToyType==0} uncond.mu_beta {Toy Type==0}
) hiarnmp Memp
10-' — Entras 1HT Entrias 1600
C Mean 111.6 Maan 112
C StdDev 492 Std Dev__15.53
10

180 200 220
uncond.mu_beata

uncand.mu_beata

mu_sig (-5, 100) mu_sig (-100, 100)



uncond.mu_lownr

uncond.mu_lownr {ToyType==0}

hlamp
10° = Entnas 1600
- Maan 2.204
- “ Sid Dav 0.3455
|

10 =

‘ P PR ’
1 15 2 25 K] 3.5
uncand.mu_kownr

mu_sig (-5, 100)

uncond.mu_lownr {ToyType==0}

hlemp |
Eninas 1600
- Std Deav  0.36805

4 4.5
uncond.mu_lownr

mu_sig (-100, 100)
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uncond.mu_highnr

uncond.mu_highnr {ToyType==0}

Entnas

hiamp
1600
Maan 0.04166
Std Dav 0.02887

uncond.mu _highinr

mu_sig (-5, 100)

uncond.mu_highnr {ToyType==0}

hlamp

Entnas
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™
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|!_:.4'L-,*"“'|5{ .[,'.
l | | : | H &
. |.I
10

l'

*i.* 4

0 0.02 0.04 01 0.12 014
uncand.mu_highnr

mu_sig (-100, 100)

1600 |

CJ

0.04171
Std Dav 0

02836
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uncond.mu_acc

uncond.mu_acc {ToyType==0}

hiamp
E Enfrias
Maan 008957
al™ [ Std Dev 0.04388
T | Hll'h'r Il- |
l a
|[ P lj o
|' | il
fi il
101 il a '.'1',
Al e
. il
lu r
\
li
i
il
15_ h l
| I
i 4 0.1 14 0.16 0.18 0 i

mu_sig (-5, 100)

uncond.mu_acc {ToyType==0}

hlamp

mu_sig (-100, 100)

Entras 1ald
Mean 0018607
Std Dev 0.007953

[ 0.04 0.045
uncond.mu_acc
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Error message

Error in <TTreeFormula::Compile>: Bad numerical expression : "a_sig"

Info in <TSelectorDraw: :AbortProcess>: Variable compilation failed: {a_sig,ToyTy
pe==0}

Error in <TTreeFormula::Compile>: Bad numerical expression : "a_sig"

Info in <TSelectorDraw::AbortProcess>: Variable compilation failed: {a_sig,ToyTy
pe==1}

a_pp a_pp

a_vvBB a_vvBB

Error in <TTreeFormula::Compile>: Bad numerical expressi +—"a_beta"
Info 1n <TSelectorDraw: :AbortProcess>: Variable compilation failed: {a_beta,ToyT
ype==0}

Error in <TTreeFormula::Compile>: Bad numerical expression : "a_beta"

Info in <TSelectorDraw: :AbortProcess>: Variable compilation failed: {a_beta,ToyT
ype==1}

a_lownr a_lownr

a_highnr a_highnr

a_acc a_acc

Info in <TCanvas::Print>: pdf file fitResults_glob_lzstats-20200423_workspace_su
mbkg_freebetas_wimp_m40.0_SI_lowPOIbound_5-Freq-one_sided-NP_on-runl.pdf has bee
n created

Info in <TCanvas::Print>: pdf file fitResults_counts_lzstats-20200423_workspace_
sumbkg_freebetas_wimp_m40.0_SI_lowPOIbound_5-Freq-one_sided-NP_on-runl.pdf has b
een created
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Global observable (Beta)

a_beta {ToyType==0}

hlamp

Entrias 1600
Maan 0
Std Dav ]

1600 f—

1400 E—
1200 E_
1000 5—
800 -
600 E_
400 :_

200_—

Py M PR NP PP |
-1 4.5 L 0.5 1
a

mu_sig (-5, 100) mu_sig (-100, 100)
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New update

* New workspace:
* WIMP: 40GeV
* Fiducial mass (kg): 5600
 Livetime (days): 24
* Min POl =0.1
* Max POI =30
* Toys/point: 100

e Generation errors with the workspace mu_sig (-100, 100), no errors
with the workspace mu_sig (-5, 100)



Observed data

* Pass MDC3 _unsalted _wimp_data as the observed data instead of
“sensitivity”.
* Errors:

[#0] WARNING:Minization -- RooMinimizerFcn: Minimized function has error status.

- T L s

p:d_f value is less than zero (-0.000170), forcing value to zero @ !

[#0] WARNING:Eval -- HypoTestInverterResult::CalculateEstimatedError - cannot es
timate the lower limit error
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p-value

----- Especed Cls+b - Madian

- Espacied Cls+b £ 1@

Experled Cls+b £ 2 &

r'l---l-LJlJlJlllllllllllllll

10 15 20 25 30
mu_sK

Mu_sig: (-5, 100)
Mu_sig: 2.0947
Cross section: 2.15e-47

Mu_sig: (-5, 100)
Mu_sig: 3.0639

Cross section: 3.14e-47
Unsalted wimp_data

p-value

p-value

0.9

n.a

n.7

n.6

Expeced Cls+b - Madian

Espedled Cls+b £ 1@

Espeded Cls+b £ 2 &

Mu_sig: (-100, 100)
Mu_sig: 2.9341
Cross section: 3e-47

IlilLJLJlJLJ LJLJLJ

n4

0.a

0.7

15 20

25

30

Mu_&k

Espacied CLls+b - Madian

. Especled Cls+b £ 1 a3

Espacled Cls+b £ 2 &

15 20

25

30

Mu_&ig
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Error (limit setting)

EvalPLR: POI test = 30, POI hat = -4.71328, uncond ML = -50.3983, cond ML = -16.
i9961, TS = 66.8045, time (create/fitl/2) 0, 2.54, 0.79, status (U/C) O, 0O

[#0] EﬂﬁgﬁiggﬂgﬁﬂllgﬂL-- a_beta::RooRealVar:randomize: fails with unbounded fit
irange

----= Trying with Migradimproved

----=> Trying with Scan

Each toy run has this error, 3 GeV and 40 GeV

!

mu_sig = (-100, 100), negative bound setting

!

46 GeV w, mu_sig (0,100)  me—) No more this error
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p-value

Error (Discover)

1
----- Expacied Cls+b - Madian
. Espacled Cls+b £ 1@
10 Esxpecied Cla+b £ 2 &
102 =
109
- " IS I NS IF AP I
0 5 10 15 20 25 30
Mmu_&k

40 GeV, mu_sig: (-100, 100)

Error: generation

HO: only background, mu_signal =0
H1: both background and signal
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p-value

New Error (Discovery)

J
----- Espacdad CLs+b - Median .
46 GeV, mu_sig ( 0, 100)
. Espacdad Cls+b £ 14
10 Especled Cls+b £ 2 o
E Fraction: 1839 errors out of 3200 total toy
: run
102 =
109
: 1 1 l 1 1 1 1 I 1 1 1 1 | 1 L 1 1 I 1 1 1 1 I 1 1 1 1
] 5 10 15 a0 a5 El
mu_sig

-> test statistic is negative (fit failed) - setting it to -1

EvalPLR: POI test = 0, POI_EEE = 8.32396e-06, uncond ML = -2.8915, cond ML = -2.

i89173, 15 = -1, time (create/fitl/2) 0, 0.3, 0.17, status (U/C) O, ©
-> test statistic is negative (fit failed) - setting it to -1
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To do

* Dig into the cause of errors:

 Start with 3 GeV, change the mu_sig to (0, 100), limiting mu_sig to positive
value.



Update+To do

* Fitting errors at the low mass (3GeV) for the new workspace—> write a
code to count the total errors 2 figure out what causes the error

e Also errors for the 40 GeV.

* Screen, can only see the parts starting from POI=12.5, no errors after that
* Run 40 GeV again, errors at lower POI

* Have problem with the master branch on LZStats



New update

e PdfMaker: add YAML configuration to WIMP & Background PDF

* Do not need to change parameters in LZNESTUtils and source setup & build
everytime changes a parameter

e Tested n_sample parameter in YAML config, it works as expected!

* LZStats:
* When source setup.sh, it changes ROOT to version 6.16

* Works on Jonathan’s git branch (jn_R0OOT6.20.00) to test how ROOT 6.20
affect the run time of different interpolation order



Oth 1st 2nd 3rd

R O OT 6 . 1 8 & 6 . 2 O ;uTrl;_time(min) 53.9 (10 rurf; 286.1 (10 rulr;s)1 651.9 (10 r:;sg) 641

run_time(min) 44 278.5 (2 runs) 2457 621

run_time vs. order

800

Blue: ROOT 6.18

700

Orange: Root 6.20 {

o9

600
500
400
300 i
200

100

oth 1st 2nd 3rd .



(min)

Run_time

15t & 2nd orders

320

310

300

290

280

270

1st order
=
£
Q
-
BI
c
S
. (a'es

[ )
[ )
[
[ ]
[ ]
Run

Submit 10 runs at the same time, some runs
are not using 100% CPU at the beginning ->
higher run time for these specific runs-> higher
STD

2nd order

700
690
680
670
660
650
640
630
620 °

610

Run
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WIMP mass: 10GeV
N sample: 10 *6

Interpolation

Oth order 1st order
; 7
6 (]
5 [ ] [ ]
) L ° 4 > Y ° °
4 ° o o Mu_sig * .
Mu_sig ! .
3 ° 3
2 2
Mean: 4.26
L STD: 0.62 '
0 2nd ord ’
Run naorder Run
6
5 ®
o o ° ¢« °
4 [ ] b [ ]
Mu_sig
3 ° Mean: 4.24
STD: 0.54
’ Without run3:
. Mean: 4.39
STD: 0.29
Run

Mean: 4.40
STD: 0.73
Without run2:
Mean: 4.22
STD: 0.46
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mu_sig vs. order

Mu_sig 15t Jnd

) Oth
4.40557 4.2392

4.2598



What’s new?

* New update
* Try different interpolation order 0~3
* Organize the output



New update (Detector)

gl 0.118735 0.150
gl gas 0.1018 0.1186
eLife_us 850 944.56
r_max_fiducial 688 cm 688 mm

z_max_fiducial 1330 cm 1330 mm
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WIMP signal PDF
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Interpolation Method

e Construct new data points within the range of know data points
(discrete set)—> bring up the bins surrounded by 0 events

* Change interpolation order 0~3(in the code to create workspace)

1+ 1 -

| |
| !
1 2 3 4 5 —@

Oth 1St 2nd?



p-value
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Oth

mu_sig vs. int. order

1st

2nd

3rd
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What’s new?

* Try different # of Toys.
* Plot mu_sig, -1 sig, +1 sig, -2 sig, +2sig, cross section vs. NToys



p-value

p-value

g1 =0.118, 1077 sample size

----- Expecied CLs+b - Median

- Expecied Cls+b £ 1a
|:| Expecfed Cls+b 2 5

=

2 4 ] a 10

Toy = 100

mu_sky

----- Expeciad Cls+b - Median

. Especled Cls+b 1o
|:| Expecled Cls+b £ 2 &

p-value

=== Expacied Cls+b- Madian

. Expecled Cls+b £ 1a
I:l Expecled Cls+b t2 o

Toy = 200

----- Expacied Cls+b - Madian

- Expadded Cls+b £ 1@
I:l Expacled Cla+b £ 2 &

16 18 20
Mu_si

----- Especied CLs+b - Madian

- Especied Cls+b 1@
|:| Especled Cls+b £ 2 &

| ST U N T I N BT

10 12

Toy = 800

14 16 18 20
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poruioe

----- Expeciad Cls+b - Madian
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| I I
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-2 sig vs. N_Toys
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What’s new?

* Run 10 GeV WIMP mass with changing g1 values (0.05, 0.118, 0.13)
and changing n_sample values (1076 & 1077)



p-value

10 GeV
n_sample = 1076

----- Expacied CLs+b - Median

. Expecied Cls+b £ 14
D Especled Cls+b £t 2 &

gl =0.05
mu_sig = 2.1429

cross_section = 6.8e-47

----- Especied CLs+b - Median

. Expacled Cls+b £ 14
D Expadded Cls+b £ 2 &

g1=0.118
mu_sig = 3.7500
cross_section = 1.84e-47

p-value

----- Expacled CLs+b - Madian

. Especled Cls+b 1 &
I:l Esxpecled Cls+b 2 &

20
mu_sig

g1=0.13
mu_sig = 5.4167
cross_section = 2.3eM-47
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p-value

10 GeV, g1 = 0.118

1
----- Expecied Cls+b - Madian
04
ns - Expecdled Sls+b £ 1 a3
0.7 Expecied Cls+b £2 &

10 12 14 16

mu_£k

N sample = 1076
mu_sig = 3.7500
cross_section = 1.84e-47

p-value

04

0.3

0.7

----- Especled CLs+b - Median

- Especled Cls+b £ 1a

Especled Cls+b £ 2 &

b 2 10 12 14 16 18 20
mu_gi
N sample = 1077
mu_sig =5.54

cross_section = 2.74e-47
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p-value

n4a

n.a

n.7

10 GeV, g1 = 0.13

Espaciad ZLs+b - Median

. Espacled Cls+b £ 1@

Especlad Cls+b £ 2 &

N _sample = 106
mu_sig =5.4167

cross_section = 2.3e-47

mu_SK

n.a

p-value

ng

0.7

Especied Cls+b - Madian

. Espacled Cls+b £ 14

Espacled Cls+b t 2 o

N sample = 1077

mu_sig = 4.3544

Mu_SK)

cross_section = 1.8e-47
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p-value

n4a

[LR:3

0.7

10 Gev

n_sample = 1077

----- Expecded Cls+b - Madian

. Expecded Cls+b £t 1@
D Expecded Cls+b t 2 &

mu_gky

gl =0.05
mu_sig = 2.2449
cross_section =7.2e-47

p-value

----- Expecied CLs+b - Madian

. Espacied Cls+b 1@
I:I Espadled Cls+b £t 2 &

g1=0.118
mu_sig =5.54
cross_section = 2.74e-47

p-value

Expecied Cls+b - Median

. Especied Cls+b £ 14
I:l Especfed Cls+bh 2 &

g1=0.13
mu_sig = 4.3544
cross_section = 1.8e-47
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Comparison (10 GeV vs 40 GeV)

* Change g1 from 0.05 ->0.13

* Cross section for 10 GeV changes 75%
* Cross section for 40 GeV changes 27%

* Why is there a more dramatic change in lower WIMP mass when
changing g1 ?



Limit plot

10 GeV ~ 3e”-47

SI WIMP-nucleon cross section [cm?]
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WIMP 10GeV
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What’s new?

* Analyze the graph
* Change g1 value and compare the limits
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gl

° gl
* Photon detection efficiency: the average fraction of S1 light that is detected
by PMTs.
* Detected photoelectrons/emitted scintillation photon
* Property of the combination of PMTs and detector, grid reflect|V|ty, Xe

0.16[

absorption of light... ; —
L LZSim Baseline LXe-100m
LZSim Baseline LXe-30m
LZSim Baseline LXe-15m

0.14—

* LZsim baseline in Liquid Xe

gl min~ 0.05 !
gl default~0.118
gl max~0.13

0.08F
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O_I11|Illllllllllllllllllllll1
0 200 400 600 800 1000 1200 1400

height above cathode, mm




Code

* LZNESTUTtils

e Change Detector parameters
* Source setup.sh

e Source .ci/build.sh

* Get new NESTInterference

e PdfMaker

* Recompile signal and background codes with the new NESTInterference



p-value

----- Expected Cls+b - Median

. Especled Cls+b £ 1a
|:| Especled Cls+b £ 2 &

----- Expacied Cls+b - Madian

- Especled Cls+b 1o
I:l Especled Cls+b £ 2 &

----- Expecled CLs+b - Median

. Expecled Cls+b 1 a3
Ij Especled Cls+b £ 2 &

p-value
p-value

PRI B B
DD 2

sodoa s L

14 16 18 20
Mu_SK)

mu_siy

mu_gig ]
gl =0.05 gl =0.118 g1 =0.13
mu_sig = 3.5027 mu_sig = 4.0625 mu_sig = 3.9835

cross_section = 1.44eM-48 cross_section = 1.05e”-48

cross_section = 1.12e”7-48
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To do

* Try lower WIMP mass (10GeV) and see how the sensitivity changes.



What’s new:

* Figure out what’s causing the error.

* Constant pp value—> in the code(for HypoTestInversion), remove any constant
parameters = number of parameters are not consistent.

* Update the Low_NR_Groups, re-generate the workspace.
* No more problem running the LZStats.

 Compare the two versions of code and workspaces



Code (pp)

I I

a0 _tmp = bckg_rate * exposure a0 _tmp = bckg_rate * exposure
= bckg_rate*livedays*fiducial_mass = bckg_rate*livedays*fiducial_mass
=542.16 =542.16

a_pp=a0_tmp a_pp=a0_tmp

mu_pp = Range (507, 574) mu_pp =a0_tmp

sigma_pp = systematic_uncertainties * a0_tmp sigma_pp = systematic_uncertainties * a0_tmp
=2% * 542.16 =2% * 542.16
~10 ~10

w=>factory("Gaussian::constraint_pp(mu_pp,a_pp,sigma_pp)");
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Workspace (comparison)

* Information printed out from workspace:

* Constraints changed:

Background

B8
DSN
DetER
DetNR
Kr85
Rn220
Rn222
atm
hep

Pp
vvBB

0.011109
0.011109
0.011109
0.011109
0.011109
0.011109
0.572416
0.011109
0.011109
0.000521151
0.825786

etore Ater

B R R R R R R R R R R

Constraint: Gaussian
distribution of
(x=mu_pp

mean =a_pp,

Sigma = sigma_pp)

Gy’

o2
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e Total Event Model:
 Event Model * Total Constraints

_“

Event Model 8.09546e-13 4.80763e-13

Total Event Model 4.62575e-32 4.80763e-13
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WIMP (40GeV
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What’s done

* LZNESTUtils: Change to a new branch
* PdfMakers: compile the background code successfully

* LowR_NR: passed 12 root files (1 signal +11 backgrounds) to make a
workspace (1 root file)

 LZStats: run the code locally with the workspace generated from the
LowR_NR



Running LZStats

* Frequentist Analysis (limit setting)
* Confidence level: 90%
* Fiducial mass (kg): 5600
* Livetime(days) : 1000
e Paritcle mass (GeV): 40
* MC toys per point : 100
* Number of Points: 9
* Min POI: 0
* Max POI: 20
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Error in <ROOT::Math::FitResult>: FitConfiguration and Minimizer result are not

consistent
Number of free parameters from FitConfig = 12
Number of free parameters from Minimizer = 11
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Changed LZStats

e Basic structure: / BN
PdfMaker <» 11 Background sources

/’ N 12 root files

_

LZNESTUTtils

LowR_NR
{— "

1 root file

(Workspace)
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Output of signal (40GeV
WIMP) from PdfMaker
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Workspace = RooWorkspace

* Settings
* WIMP_mass =40
* Interaction type = Spin Independent
* Livedays = 1000
 Fiducial (kg) = 5600



Problem/To do

* Have trouble compiling the background code, one function in the
background code is not defined in the LZNESTUtils = possible
solution: change branches in the LZNEST Utils.



Analysis of a single graph

Blue: Background (assume nolsignal)
Red: Signal + Background
Black line: Observed data
Purple: asymptotic formulae

~ The median

15 ) =
q_mnu — t=—-2In

of the

- B-distribution

Hypothesis:

L(B+S)

L(best fit)

HO: The data has both
background and signal
events fixed signal

H1: The data only has
background events floating
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Increasing POl (0~15)
)

1 = S 3+H mode]
== Bary mdd
e riecian A LT

4
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i | I
! ; R

D5 M 18 0 &= 0 B q0

q - n
]
!
1w
o

o ] 10 1= @ = oo
q_ru

0
'
!
'

=} in n 0 40 ED
g

mn

D5 0 158 _ = 0 5 40
q.

q_ru

Method

Background is fixed for different
WIMP masses

For one WIMP mass, increasing
values of the parameter of
interest (POI)—> the cross section
of the WIMP’s interaction with
Xenon

Find the upper limit on the POI
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1 (us
L(p,0)=]]

7=1

For high POl = high
usj
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1000 ¢

500 +
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Equations & Graphs

A\ L e Inx vs x
L(“‘a ?) I:\‘ : floating o1
L(i,0)

M) =

t, =—2InA(pn) \ K



To do

~==== Expscied Gls+b - Median

* How to get the upper limit, basically how to get this graph
from the nine graphs.

LLLIYEEM G LLLL) LAY LA LA

 Analyze the graph e



Done:

* For mass = 2.0000 GeV
* ERROR: WIMP histogram is empty for mass 2.0 = Mass 2.0 is too small

* Mass: 10, 16.2222, 27.8256, 46.4159, 66.6667, 100, 200, 1000
* Moved the output from scratch to hdfs.

 Settings: 100 Ntoys, 1e7 samples, take 9 POI, 1000 livedays
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Mass =16.2222
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Mass =16.2222
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Mass = 66.6667/

W 1
— S48 model |
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p-value

p-value

----- Expecied Cls+b - Median

- Expecled Cls+b £ 14
|:| Expecled Cls+b t 2 &

@ NULL p-valua [madian)

& Asymptatic farmula

mu_sig

46.4159 GeV

----- Esxpacled Cls+b - Madian

. Expecled Cls+b £ 1 a
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log scale Iz sensitivity :
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Understanding the structure of LZStats

* Submit_MassJobs.sh:
* calls for the other two scripts, the one that submits jobs to the cluster
e Kr mass = 2.0000 & 66.6667
e #jobs for each mass = 10

* runWisclobs.py:

* Defines variables and parameters for a job running

e Submit_lzstats.sh:
* When run Submit_MassJobs.sh, each job runs this script on the cluster

e Setup.sh:
e set up the environment



Problem

* For one mass, when extracting 10 tar.gz files, only get one result
“..runl”

* Check the error text, ImportError

ImportError: /cvmfs/lz.opensciencegrid.org/external/Python/2.7.15/x86 64-centos/2
!gcc?—optflibfpython2.7flib-dynloadfarray.so: undefined symbol: PySlice Unpack
Info in <RooWorkspace::5aveAs=: ROOT file ./output/lzstats-LZ projected le/-WIMP=

e Ask Jonathan:

* For the Jobs submitted to the cluster, the python cannot load the yaml
package — unable to change the run number — all the runs have the
same run number, runl

* The yaml package is exported in setup.sh
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