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ATLAS detector ()

Front view of ATLAS: one of four LHC experiments,

multipurpose particle detector with forward-backward
symmetric cylindrical geometry
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ATLAS detector (I1)

Muon Detectors Electromagnetic Calorimeters

Detector characteristics
Width: 44m
Diameter: 22m
Weight: 7000t

ATLAS

Solenoid CERN AC - ATLAS V1997
Forward Calorimeters

End Cap Toroid

: Inner Detector ieldi
Barrel Toroid Hadronic Calorimeters Shielding [3]



ATLAS detector (llI)

Combination of
detector data for
* particle i

identification -
* momentum ot el
* energy the detector
determination e

Calorimeter

Tracking
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Standard-Model Higgs (I)

* Gauge Bosons are massless = local gauge
symmetry of & is conserved

* W*, Z Bosons acquire their mass by interacting
with the background-field

* Introduce scalar Higgs-field:



Standard-Model Higgs (I1)

e Second component of the doublet with non vanishing

VEV (Vacuum expectation value) - Spontaneous

symmetry breaking (SSB)
V =p*(6'¢)* + Mo'0)*

* Development of the complex field:

(5) = emdran)

V(f)

SN

VEV Higgs-B Goldstone-B

[5]



Standard-Model Higgs (1)

Covariant derivative:

Duzé‘“-]l+z’g’YBM-1L+ig&-Wu
\ /

Coupling between the massless gauge bosons and
the Higgs-field lead to mass term in &




GM-Model (l)

Georgi-Machecek model

* Expansion of the minimal Higgs sector > BSM
(Beyond the standard model)

2 additional isospin triplet scalar fields, with non
vanishing VEV for the neutral field:

Real £+ O gty
E=1 &€ ), x=| x — | —x" & X7
gt X~ v =" W

e Additional kinetic terms in & (Covariant field
derivatives)



GM-Model (lIl)

After SSB, rearranging of the fields under custodial
symmetry transformations (comparable to spin
addition)

« SM Higgs (® ,® >bidoublet): 202 —3a1
* GM Higgs: 33 —503d1

Singlet corresponds to SM Higgs (125 GeV)

5-plet can be identified with physical Higgs
Hs = (Hsii;Hsi;Hso)
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Production Modes y*/Z" W~

Experimental useful final states (W =2 lv,/qq):
2 same charged leptons (21%)
3 leptons (3l) + Quarks (Jets)
4 leptons (41)



Characteristic Event Variables y/Z

Pt ., Pr; Transvers jet/lepton momentum

Njets » Np—jer Number of (b-)jets,

T .. .
E.. ;. Missing transvers momentum (Neutrinos)

M5, My Jet mass, lepton mass

AR = /A2 + An? 7n- ¢ angular separation of two
objects



Event Selection (Preselection)

Selection criteria || 2 | 3¢ | 4¢

1. Detector

At least one offline tight lepton with p{ > 30 GeV that triggered the event

1F1 N, (type L) S =3 ol
specific o i _ P
. . Ng (type T) =2 >2(fy2) >1
restrictions i N & ?!
. [Lepton pr | pe?>30,20GeV | pf2>10,20,20Gev | pf 2B > 10 Gev
2_ |mprove S|gna|- £ > 70 GeV > 30 GeV > 30 GeV
[ Nies | >3 >3 -
background o <
. Low SFOC mg, veto - mgs > 15 GeV
ratio ( m O re N Z boson decay veto Ims, —mz| > 10 GeV Im3;, — mz| > 10 GeV

detail later) Type L: “Loose”

6
Type T: "Tight” (Isolation) [6]
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Event Selection (Selection)

1. Detector

specific

restrictions

Improve signal-
background
ratio (more in
detail later)

Charged Higgs
boson mass

mp++ = 200 GeV

Mg+ = 300 GeV

Mmpy++ = 400 GeV

mpy++ = 500 GeV

Selection criteria

| 20%¢ channel

Miers [GeV] [100, 450] [100, 500] [300, 700] [400, 1000]
S <0.3 <0.6 <0.6 <0.9
AR(i(: <1.9 <2.1 <22 <24
A¢N.E¥“”“ <0.7 <0.9 <1.0 <1.0
mye [GeV] [40, 150] [90, 240] [130, 340] [130, 400]
EMiss [GeV) >100 >130 >170 >200
Selection criteria | 3¢ channel

ARy p+ [0.2, 1.7] [0.0, 2.1] [0:2:2:5] [0.3, 2.8]
mye [GeV] >160 >190 >240 >310
EMisS [GeV] >30 >55 >80 >90
ARrjg _ [0.1, 1.5] [0.1,2.0] [0.1,2.3] [0.5, 2.3]
P [Gev) >40 >70 >100 >95
Selection criteria | 4¢ channel

mye [GeV] >230 >270 >360 >440
EMiss [GeV] >60 >60 >60 >60
pT' [GeV] >65 >80 >110 >130
AR}!‘;'}i [0.2, 1.2] [0.2,2.0] [0.5,2.4] [0.6, 2.4]
AR’[“;"[; [0.3, 2.0] [0.5,2.6] [0.4,3.1] [0.6, 3.1]

[6]
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State of the art — Analysis ()

Techniques to estimate contributions from the
dominant background processes.

Relevant contributions:
* WZ production (dominant for 2[¢, 3l)

* Electron charge flip (misidentification of e* charge
for 215¢)

* Non-prompt-lepton (misidentification of jets as
leptons in all channels)

e Other SM contributions (MC simulations)




Analysis (Il)

T
¢ Data

2 T T

&

@ 4000 A TLAS [1 Non-prompt lepton
Vs=13 TeV 139 fb™ - Wz

WZ Control Region
. 7w

HW)Z ttH VvV, 3t,4t, Vy =
271 Total uncertainty =

. WW,ZZ,VH VVV

T

z g
% " ) ” “ » 4 / 7/ 2
o A 7 7 /

0.8 2 3 4 =
Nier

Events

Data/SM

I I
¢ Data
1 Non-prompt lepton
Wz
Bl WW,ZZ VH, VWV
Bl tiZ W

- T T
- ATLAS

- Vs=13TeV139fb’
3¢ Preselection

£22] Total uncertainty

HW)Z,tiH,VV, 3t 4t Vy -

—

[6]

Data and prediction in good agreement for control
region as well as in the 31 Signal region (SR)

Yotoboho

jets
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Analysis (lIl)

> = T L ] T T T I T T T ] T T T l T T T I = v- T T v T l Ld T T T [ Ll T T L [ Ll T T v I T
@ - [ Non-prompt lepton @ Data - S 450 [] Non-prompt lepton @ Data
e C A TLAS I Charge-flip "= HEEHEE ] 2 _A TLAS I Charge-fiip ke v
% 500 Vs=13Tevizgfpy' EEWZ - =HH $ 400 ys=13Tevizofp' HEWZ - = H*H
] - 26~ Preselection I WW.ZZVHVVY “ 26= Preselection ol w NLEVHVVY
2 E [ A 350 Itz uw
w 400— [ t(W)Z ttH, 1 VV 3t 4tV [ (W) Z ttH,ttVV, 31,4t Vy

= Total uncertainty 300 Total uncertainty

N

Ill'tllllllllllllllllll

Ll

% @
8 s 74 ]
= c | e o, Y. Mrye e P
ol . ‘ - 0 . , , | [6]
100 150 200 250 300 0 1 2 3 4
£ [GeV] ARgeg:

Data in agreement with background (2[5¢ channel),
but not with (double) charged Higgs hypothesis.

Same results for m,;, M.
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Analysis (V)

Vs=13 TeV 139 fb™'
3¢ Preselection

Events/25 GeV

Qllllllllllllllllll

Data/SM

ATLAS

T
[] Non-prompt lepton @ Data

- Wz - HEEHT
B ZZ,VH VWV -« H=H" ]
Bl tZ 8w

t{W)Z, ttH VvV, 3t,4t, Vy
Total uncertainty

1IIIII|IIIIIIIII|III

50 100

150 200

ET [GeV]

Events/0.4

Data/SM

150

100

50

ATLAS
Vs=13 TeV 139 fb’'
3¢ Preselection

I a0y LET I L : A |
[] Non-prompt lepton @ Data

.l Wz

B ZZ,VH VWV
I {2, 6wW
t(W)Z ttH, vV, 3t,4t Vy
Total uncertainty

i Hﬁ:HT

2L T

llIIllllIllllIIlllIlllllllllllllllllll

The measured data are in agreement with the
background predictions for the 3| channel.
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Analysis (V)

Events/15 GeV

Data/SM

10

— 1 i N ! ' I ' ! Y . I e
L [ Non-prompt lepton @ Data -
N ATLAS Bz 9o HEH
E, T8 TeV 108 .  EWWINZVHANY 2 Lol Sl
- 4¢ Preselection — t(W)zﬁH.&W,St, avy 7
L [~<4 Total uncerainty _
SIS bl
A ' 7
= PR
L) -

L T ' 2]
— g H -
- 727 : .
———— ' —

.
N H ]
[ - ]
Vs #rrr s ,+ ,L — Jos s, T % ~ I‘ '/r'//+t'»-’d
. e
50 100 150
ET™ [GeV]

Events/0.4

Data/SM

30

25

20

15

10

IIIITIIIIIIIIITIIIITIIIlTllll

ATLAS

Vs=13 TeV 139 fb™

4¢ Preselection

| R AL BN TR ST P A |
[] Non-prompt lepton @ Data

/zz

WW,WZ VH VVV

B ttz ttw

[ t(W)Z ttH,ttVV 3,4t Vy
Total uncertainty

I
ot
N

2.—

1 WT////+//:///¥//.’ . *

rrrrrrrrr

¢

- - H::HTT__:
__H:z:HT 51

Illllllllllllllllllllllllll

e e L L b o S
rrrrrrrrrr A AR A A #
L

0

1

2

Data consistent with background predictions in
the 4| channel, with small statistical fluctuations .
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Analysis (VI)

Combination of results:

v 1 Ll . Ll T 1 L} Ll 1] L L} L
—_ I Charge-flip I WW,VH,VVV
g 35 [ Non-Prompt lepton [ tiwW,tiz A TLAS
30— I Wz W)z H AV 34ty Ys=13 TeV 139 fb™
a zz —=e— Data
25 Total uncertainty
20
15
10
5
=
92} 0
o) 2 ® + —_
©
o 1 * $ * + 4 *
o ? .
265 k'3 4 20 3¢ 4¢ 26 3¢ 4¢ 205¢ 3¢ 4¢
My== =200 GeV My s =300 GeV Myz2 =400 GeV Mypee = 500 GeV [ 6]

Observations and Monte Carlo predictions are

consistent to each other considering the total
uncertainties

Input for upper limit determination for o x B.



Statistical Analysis

Likelihood (function): measures goodness of a fit

Likelihood ratio test: Comparing goodness of a fit for
two competing statistical models upon likelihood ratio

Maximization of free Additional constraints:
parameter space Nuisance parameters
(signal strength = o) (stat. uncertainties)

Define upper limits & confidence level (CL) on model
parameters.



Analysis (VII)

Expected limit:

u X Signal + Background
vs. Background

Observed limit:

u X Signal + Background
vs. Data

The combined data are

not sensitive for heavy

** hosons with masses >
320 GeV

oX B(pp— H'H =W W'W W) [fb]

o X B(pp— H*H —= W*W* W 2) [fb]

60— T BAURAY BRI
50: A TLAS —e+— observed 95% CL upper limit |
b— f -1 —
E ¥s=13 TeV 139 fb - - expected 95% CL upper limit _
40 - [ expected limit (+20) .
5 |:] expected limit (=10) -
30 Theory (NLO QCD) on
20 )
10 -
0“..1.......A..‘1..1‘..1.“1,»,1‘4“
200 250 300 350 400 450 500 550 600
My [GeV]
120 LN LM (K LTA NI PR RN B R LR FLRER
i A TLAS —— observed 95% CL upper limit -
1001~ Vs=13 TeV 139 fb oxpected 95% CL upper limit
80— | | expected limit (=2:)
[ expected limit (=12)
60 ——— Theory (NLO QCD)
40}
20—
O_AAll PR R l..l'.l-‘.:l..l- r.AT.l—l‘;llnaﬁ—l—oAlVIAAJ:
200 250 300 350 400 450 500 550 600

iy -- [GEV]
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Results

No significant excess over expected yields.

Considered model can be excluded

* at a 95% confidence level for m,. < 350 GeV
(pair production)

* at a 95% confidence level for m.. < 230 GeV
(mixed production)
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PART B: Vector Boson Fusion (VBF)

° 2 jets +

* Large values of transverse momentum p;/mass my
e Jets in different hemispheres (~ back to back)

- Expect clear signature of the signal process [8]

24



Event Variables VBF H* (l)

—An
‘\\ | \ 1
/ ————pr 3

9]

Centrality (W/Leptons boosted in transversal
direction) > ¢ > 0 for VBF

¢ = min [mm(ml, 7712) — min(ﬁll: 7712): mal’(mh 77j2) — m(m(??ll’mz)]

An;; (Pseudorapidity gap, jets back to back)

=)



Event Variables VBF H* (lI)

my = |pT| (Transversal mass)
m;; = |pj; + pj1| (Dijet mass)
Agj; (Azimuth angle between jets)

— Choose variables with the best background
separation



Event Variables VBF H* (l11)

. c | T T T 7 T T T |
Centrality £ | ATLAS Simulation Internal
S 0oL 's=13 TeV, pp— H* — W*W* l
g —ww |
Leptons boosted 2 — H™ — W'W* (m_ =200 GeV)
transversally T HT = WWH (m, =340 GeV)
. i H™ — W*W* = Vv ]
- Centrality >0 T WWHm, =700 GeY)
- — H® - W*W* (m_=2000 GeV) 2
Clear distinction - 0.1 _
especially for higher - ]
masses - |
i | | | | | | |
-5 5

Centrality



Event Variables VBF H* (IV)

C I I I ] I .| I I I |
An;; S - ATLAS Simulation Internal
J] O - ++ AT 1
© 's=13 TeV, pp— H™ — W*W
| —wWwj |
02 e L wewe (m =200 GeV) |
Jets back to back o | i |
— H* — W*W* (m_ =340 GeV)
—>Large pseudo- © H* > WAW* (m, =700 GeV) ‘
rapidity gap | HT = WW (m, = 2000 GeV)

Valid for all masses

Pseudo rapidity gap Anjj
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Event Variables VBF

m;

Separation difficult
for low masses.

Better suited for
possible heavy

Event fraction

o
N

0.1

== (V)

' ATLAS Simulation Internal
| {s=13 TeV, pp— H™ — W*'W*

— W W
— H™ = W*W* (m_ =200 GeV) |
— H= — W*W* (m_= 340 GeV)

H™ — WW* (m_ =700 GeV) i
— H™ — WEW* (m = 2000 GeV) -

H

1000 2000 3000

Invariant di-jet mass m 1GeV]



Event Variables VBF

Adj;

Good separation for
small angles

Independent of H*
mass

- Well qualified

Event fraction

o
\S)

(V)

' ATLAS Simulation Internal
\s=13 TeV, pp— H™ — W*W*
— W W
— H™ — W*'W* (m =200 GeV)

H
—_— HII

(

— W*W* (m_ =340 GeV)
(
(

I

* > W*W* (m =700 GeV)

I

*— W*W* (m_ = 2000 GeV)




Event Variables VBF H* (V)

mr

Candidate as input

for maximum
likelihood fit

O
o)
~

)]
)]
)]

T T T T | T T T T | T T T T | T

Event fraction

0.44

0.225

0.01

ATLAS Slmulatlon Internal
| {s=13 TeV, pp— H* — W*W*
— W* W jj
— H™ — W*W* (m_=200 GeV)
— H™ — W'W* (m_=340 GeV)
H™ — W*W* (m_=700 GeV)
— H™ - W"W~ (mH = 2000 GeV)

e

b

—

—|‘ | e i AN AR R N N s et SO
500 1000 1500

Transverse mass m. [GeV]




Event Selection (I)

Limiting the available
signal region (Cuts)

- Improves the signal/
background ratio

Mostly lower bounds,
for Agj; upper bound

Event fraction

0.2

0.1

| \s=13 TeV, pp—= H™ — WW~

— W W% jj

| — H™ — WAW* (m, = 200 GeV)
— H=— W"W* (m_ = 340 GeV)

H™ — W*W* (m_ =700 GeV)

- — H™ — WAW* (m_ = 2000 G

il

' ATLAS Simulation Internal

]

T

Pseudo rapidity gapAnjj
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Event Selection (lIl)

Improve ratio «— Maximise signal
Quantified by significances, e.g.:

\/% s (b) = Number of signal (background) events

\/2[(1’1 + b) log (1 +%) —nj

— Determine max. value

33



Event Selection (llI)

Event fraction

\/2[(n+ b) log(l +%) —n|

i ATLAS Simulétion Internal |
(s=13 TeV, pp— H* — W*W*
— W W j
| — H"— WW* (m_ =200 GeV)
— H™ — W*W* (m_ =340 GeV)
H*™ — W*W* (m_ = 700 GeV) A
r— H"—= W'W* (mH = 2000 GeV) 7

Centrality

e L R R A B A T T -
35 4 e/ye, (m.=200GeV) —
= ef\e, (M. =340 GeV) 3
3 e/Ve (M. =700 GeV) =
@ 2.53_ % e/ye, (m,.=2000GeV) _f
c - -
© - 7
= 2— -
t — -
c - 7
o 1.5 —
» E xxxxxxxx E
1= ;gxﬂﬂxx xx .
C  RERARKRRRRARRRRRRRXERRRE XXX N B
0.5 Xxx ® 3
- 19%., ]
- | | ! | ! | ! ! ! | ! ! ‘n“‘n '

-6 -4 -2 0 2 4

Lowerbound on:Centrality

Maximum significance close to intersection from
signal to background.
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Event Selection (V)

Problem: if variables depend on each other
Cuts may influence other variables = low signal

Analyse correlation in 2D-Histograms



Event Selection (V)

Eta jim.T

600 LI
- - i = Entries 101154
I r Mean x 5.133
- = - - -_- Mean y 2125

500 — - - Std Dev x 1.356
| - Std Dev y 57.72

400 — :

- |
& 300

N
Probably no correlation between the variables.
myis limited by Higgs Mass (340 GeV).
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Event Selection (VI)

Cen_m T
- -l Entries 101154
L Mean x 1.327
— Meany 212.5
500 — Std Dev x 0.9198
L Std Dev y 57.72
400 — 107
E" 300 —
200 — 10
100—
* |
0g 4 2 0 2 4 6 L

Centrality

Probably no correlation (no visible function
dependence) = Further in depth analysis
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Event Selection (VII)

600

500

| dPhi jim T
- - - . Entries 101154
| - Mean x 1.65
i - -] -. Mean y 212.5 |
 — m - - == Std Dev x 0.9053 |
— __:- - =1 Std Dev y 57.72
: [ ]
L
n 10
,__ 1

| | | | | | | | | | | | | | | | | | | |
0.5 1 1.5 2 25 3
b;

Clearly no correlation = Cuts possible for ¢;;
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Event Selection (l11X)

9 Cen_Eta_jj
= Entries 101154
— Mean x 1.327
= Mean y 5.133
— Std Dev x 0.9197
= Std Dev y 1.356
6
E 102
g S5 —
4—
M= o
20—
1—
Y= | ]
-6

Centrality

Strongly correlated, linear dependence - Caution
with cuts for centrality and n;;
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Background Estimation ()

W=*WH jj (so far) + W*Z jj

Restrict possible events for better separation:
e Jets in different hemispheres

* Number of jets/leptons

* Leptons of same charge (Z resonance)

40



Event fraction

Background Estimation (lIl)

Small difference between different channels for all
variables =2 Same cuts and event variables

0.1

0.05

ATLAS Simdlation Interﬁal
| Vs=13 TeV, pp— H™* — W*W*
[ W W
W= Zjj

] 0.15F

Centrality

" Vs=13 TeV, pp— H™ — W*W*
L — WEWEj
W= Zjj

| 0.05- | =

-
- —_
L I I | I I I I I I 1l I

- ATLAé Sir‘nu‘lat‘io‘n I‘nt‘erha‘l |
0.2

1 01

Pseudo rapidity gap Anﬂ

. ATLAS Simulation Internal

 s=13 TeV, pp— H™ — W*W*
— W WE

W Zjj

— [

e

| | ‘ | 1
1000 2000

Invariant di-jet mass mjj [GeV]
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MVA Training

Multi variant analysis training
Separation sighal background via MVA:

bjj bu Mjj M;;
Centrality jLead jsublead

m+ is needed for maximum likelihood fit, m is not
independent = my, m; not included in training (no
cuts)

42




Variable Correlation

Determine dependencies between variables: Prevent
cut interferences (as before)

Eta_jj versus dPhi_jj (Background)_Id Eta_jj versus Centrality (Background)_Id M_jj versus Eta_jj (Background) Id
X1V
4 B ' o ) 8000
S g S g =
il il 7000
7 7
6000
6 6
5 5 5000
4 4 4000
3 3 3000
2 2 2000 E
; 1B 1000

0 1 2 3 4
Centrality

Quantification: Linear dependence coefficients from
mean value (in gradient percentagem =1 = 100)
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Correlation Matrix

Summary of linear
correlation

coefficients (signal) in

correlation matrix for
my = 340 GeV

Examp
Centra

Strong

e from before:
ity ~— 1,
y dependent

Correlation Matrix (signal)

Linear correlation coefficients in % 1 O O

sadingJet_pT o o -
80

2adingJet_pT - = - 60

dPhi_ll

M_jj

Eta_jj

Centrality

dPhi_jj
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Decision Trees

Separation background signal via decision trees [10]:

 Training/Testing with
simulations

* Reconstruct more signal
(no exclusion because of

one variable) Ves No

 Combination of multiple
trees

Ji

—> Boosted decision trees



Signal/Background response

Ratio of trees identifying event as signal = Response

Results for training set (my, = 340 GeV):

TMVA response for classifier: TEST Background rejection versus Signal efficiency TMVA
FR 1T T T T TT T TT T TT T TT T TT T 1 T T L LI LI LI LI T T 17T T T 17T
% 35 ['Signal | | | | T T RRE: 5§ 'F gy -
~ | T - r .
Background ] o u ~— ]
z . s s 09 s :
g o 08 .
T 25 - = = =
- - ° - —
1 = 0.7 .
2f 15 2 \\ .
18 o %6F .
1.5 1= C ]
K 1a 0.5 -
Q‘ -
1 g 04F
2 i MVA Method
(23 r ethoda:
05 5 0.3 P TEST
£ ¢ u k!
0 =2 0.2 11 1 1 11 1 1 11 1 1 1111 1111 11 11 11 1| L1 1| Ll 1| 1111
-08 06 -04 02 O 02 04 06 0.8 0 01 02 03 04 05 06 07 08 09 1
TEST response Signal efficiency

Integration for a given boundary determines signal
efficiency (ratio) & Background rejection
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Signal/Background Response (Il)

Results for training set (m, = 700 GeV):

wl T L T 1T L L T T T L LI T 1T 1] 1I T rrrryrrrr[1rrrrorT
X = 'Signal | | | | | | | E 5 . AR
> 8 Back d E B T~
= /] Backgroun ] Q0.9 [ e g
2 7 vl ] o \
2 o 3 5 N
= 2 - T 0.8 oo .
) 6 ] i <
7 . 2o
= . bt T 0 T S
50 45 2
4 S B 0.6 o e
4 b e m
g 05
3 ’
:
2 e e e
E  MVA Method:
1 - 0_3 - TEST ......
0_ -7—||||||Illillll7'lllllll17‘l7‘|17‘l :g 0-2:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_
-08 06 04 02 0 02 04 06 08 0 01 02 03 04 05 06 07 08 09 1
TEST response Signal efficiency

Even better signal (background) identification (High
ratio with clear signal (background) response = 1 (-1) )

47



Defining Cuts

Boundary (Cut)
is set according
to the used
metric

S
(e.g.: m)
Suggested cut
for significance
at a response of
—0.27 (back-
ground region)

Cut efficiencies and optimal cut value

Efficiency (Purity)

0.8

0.6 f

04 —

0.2

0

— —— Signal purity
______ Signal efficiency*purity
S/\S+B

Signal efficiency

Background efficiency

| ladbldl ||
N
()]

[
N
o

1
(3]

B W RO SO O M. S e . RS SR
é é é e é é ]

e "‘" ............... "~~.. \\ ...................................... ]

P : : \\ ]

_For 1000 s.'gnal and 1006 ba.ckgr ............... ............... ............... ......... _

_  events the:maximum S/\S+B is : § : :

| 25.63 when cuttlng at 0 27 :

1 1 1 | 1 1 1 | 1 1 1 | IIIIII | | 1 1 1 | 1 1 |

-0.8 -0.6 —04 —02 0 02 0.4 06 0.8
Cut value applied on TEST output

Jry
(3]

ry
o

48

Significance



Outlook

1.

Add/sum different
backgrounds with
relative weight to
each other and
signal

2.

Calculate expected
upper limits for
o XB

with 95% CL
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