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: ER - o.zs%j
ttH(yy)
2 channels, depending on the tt system decay:
all-hadronic and (semi)leptonic
......................................... (covered in Ho> vy T

HH(WW/ZZ/xx) EBR ~ 30% J

4 sub-channels, dependin? on the number, sign
and flavour of leptons:

reference

21SS+0thqg, 21SS+1thqq, 3, 4l

ttH(bb) LBR _ 58%j

2 channels, depending on the 1t system decay:

single-lepton - 6 control regions + 3 signal regions
(defined by the jets and b-jets multiplicity)

dilepton - control regions + 2 signal regions
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections

Some motivations

9 1 ver O indirect constraints on the Top-Higgs
, Yukawa coupling from ggF and H—

vy (through a loop);

O ttH production allows direct access
to Top-Higgs Yukawa coupling;

el T "M||4—1|25c|av|— O the highest cross section increase
T " ()= S as a function of energy wrt other
= :/(NSLOQCDMLOE production modes;
X Pz 1k
+ ~
T 10 . © any deviation in the cross-section
o f o0 acD T N0 : measurements could be an hint of
2 7 = cp +NLOEW) I new physics!
@) WH(NNLOQ W N
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- pp” —
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG

Run-1 results

L B DL B L I LAY T T '
. ATLAS C/§=7 TeV, 45 fb
— total /s=8 TeV, 20.3 fb" ttH(H — vy) [~ N
—— statistical (tot) (stat)
tHH = yy) [~ —— 1ow=13 0 R ATLAS
fH(H — WW/tt/ZZ) |- —
s=7 TeV, 4.5 fb
ttH(H - WWh/ZZ) — o —H u=2.1 +1; +::) — [s=8 TeV, 20.3 fo'
ttH(H — bb) —
ftH(H — bb) — e — u=1.4 *90 006 BEE Expected + 1o
-0 06 |~ T ;] N e Expected + 26
. N —— Observed B
L 1 Combination tH Combination ™ " = | | .. Injected signal (u=1)
' _ [ T SR NN TR SRR SR NN SR ST TN NN SN S
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Best fit u for m =125 GeV 95% CL limit on p for m =125 GeV

© Many channels sensitive to different final states, depending on the Higgs decay
modes: vy, WW/ZZ/tt (multi-lepton) and bb;

O asignal strength y = 1.7 £ 0.8 has been measured;

O this corresponds to an observed (expected) significance 2.3 ¢ (1.5 0);

© observed (expected) 95% C.L. limit on pis 3.1 (1.4).
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https://link.springer.com/article/10.1007%2FJHEP05%282016%29160

ftH{yy)

BR ~ 0.23%

ATLAS-CONF-2016-067

© Clear resonance peak and low background;

O narrow pedak in the di-photon invariant mass spectrum on top of a smoothly falling
background in the myy distribution;

© due to the narrow width of the Higgs boson, the shape of the distribution is governed
by the resolution of the measured photon energies.

> e L L L L
> .

O To reject hadronic jet backgrounds, the © 5 Data driven ATLAS Preliminary
photon candidates are required to be 2 & Vs =13 TeV, 13.3 1" _
isolated from any other activity in the © 4000 “t# |
calorimeter and the tracking detectors; B 21y ]

‘oo, (=1 y-jet
- * . . .
© background estimation in 3 control *yn, [ jet-jet
regions; I o ¢ Stat. Unc. |
2000~ “%ee,,, METot.Unc.  —

O reversing the isolation requirements of N ., ]

the photons. *

110 120 130 140 150 160
m,, [GeV]
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2 signal regions:

TTH

YY)

- leptonic: 2isolated vy, 2 1 lepton, =2 2 jets, =22 b-jets or =2 1 b-jet AND E;

« hadronic: 2 isolated v, O leptons, = 5 jets, =2 1 b-jef.

ATLAS-CONF-2016-067

> 20 GeV

> 17 A I R L
8 7E e Daa | ATLAS Preliminary . .
o p mBeomdFl o s-13Tevi3stl | O Event selected and categorised in regions enriched with
= 6 = Signal + Background Fit ~ H—yy, m =125.09 GeV J . . . .
€ | — swSignals Background 1 leplonic ] different Higgs production mode processes;
S5 =
4F = | © combined fit performed to the categories to determine the
: E signal strengths. i
3 : S J 13.3fb'@ 13 TeV
2: _: I L | L L | L L I L I LI I UL l UL I LI
2 ! 3  ATLAS Preliminary —e— Total
L T S N | {s=13TeV,1331b"
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> R L R _ +1.27
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TTH(WW/ZZ /1)

I BR ~ 30% I

© Cut-based analysis;

ATLAS-CONF-2016-058

O several regions depending on the multiplicity and flavour of leptons in the final state;

O ensuring a very

O Ireducible backgrounds: prompt leptons
(decaying from boson or Tt leptons), #V is —
the main conftribution;

bfake T

O processes with one non-prompt
lepton and fake t: mainly from Y
hadrons decay from tt events; W

Data driven
b prompt £*

O processes with a misidentified e
charged lepton (especially 2I+1t
and 2I+0t with electrons). y e’

Data driven . .
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Events / 5 GeV

small background contribution but difficult to estimate due o
sensitivity to additional tW/Z (hard to control with data).

3 Validation Regions (VR) in order
1o study the 1V background

| ATLAS Preliminary - Data
50F

| Loose ttZ VR

40}

B i+ (swm)
Vs=13TeV, 132" [ |aw [ ]trz/yY)
. Diboson |. Non-Prompt
DOther ;// Total uncertainty |

3lep

m(¢o?1) [GeV]
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Events

TTH(WW/ZZ /1)

O 4 signal regions: ATLAS-CONF-2016-058

« 2107: 2 tight same-sign leptons, O t, = 5 jets, =2 1 b-jet;
« 2l 2 tight same-sign leptons, 1 T (opposite to leptons), = 4 jets, = 1 b-jeft;
« 3l: 3 no same-sign leptons, =2 4 jets and = 1 b-jet or = 3 jets and = 2 b-jets;

« 4l: 4 leptons (sum of charges = 0), 2 2 jets, 2 1 b-jet;

13.2fb' @ 13 TeV

. T I ]
90 - ] .
| ATLAS Preliminary o Ejjg}*;:f-& | ATLAS Preliminary  Vs=13 TeV, 13.2fb"
L e -1 1
80:— : = 1; Tev, 1321 [ Diboson [ Non-prompt 1 — tot. - gtat. tot (stat, syst)
[ Post-Fit Bl CMisReco [ ]Other ;
70:‘ 7/ Total Uncertainty ] 2¢ 0Thag —0——i 4.0 t12; (j f : j 37)
60F 2 .
; ] 26 1Thad F—e——=1 6.2 "2'.? (+§‘§ +12 2)
50 . 2. 2317 1.
40} . 3/ e +1.7 ,+1.2 +1.2
1 : 1 0.5 1.6 (—1.0= —1.3)
30} .
y _5 4| e < 2.2 (68% CL)
10 v ] inati +1.3  (+0.7  +1.1
f Combination . F-o-- 2.5 ' (_0.71 _0.9) _‘
0 &ﬁor/? 2"005, 2‘0057 2&7% 4 0 5 10 15 20 25
27 0g 20 &, 2 Lyt o

best fit o for m =125 GeV
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ttH (bbb B

BR ~ 58%

ATLAS-CONF-2016-080

© High mulfiplicity of control and signal regions, depending on the mulfiplicity of jets and b-
jets;

o MultiVariate Analysis in order to increase the significance and the separation between
signal and background;

6 most abundant Higgs decay, but overwhelmed by t(+HF) jets background and less easy
bb reconstruction.

'.‘é_‘ 10° = ATLAS Simulation —o— Sherpa+OpenLoops tt+bb
S ~ Preliminary -==0-=+ MG5_aMC@NLO+P8 tt+bb
B .. " Vs=13Tev = == o+ MG5_aMC@NLO+Hpp tt+bb
8 10 = —o— ft+jets Powheg+P6
© Main background: tt+HF, in which the @ F
H+b-jets show a significant mis- — S . [
modelling; o —
O estimation of the mis-modelling relative 1 -
to the generator choice and the PS & ;
hadronization components; om0 I sy
Aﬁ_ | g — 1 )
Iy
O reweighting is necessary to correct the % }%E P —
mis-modelling. RN S ——
(-/C) 0.92_ ......... Osmassasmmnssnsnnn [ TETETTrET
S o e P i
= S 1
gx° {be {\*B ’&*7’3\)
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?2 channels:

ligllele

ATLAS-CONF-2016-080

-« single-lepton: 1 lepton, = 3 jets, 2 2 b-jets —» 6 control regions + 3 signal regions;

 dilepton: 2 leptons, = 3 jets, 2 2 b-jets

— 2 conftrol regions + 3 signal region:s.

5 10°F ATLAS Prelminary ¢Data EGH M+ light ]
2 407} \§=13TeV.13-2fb'1 Dthz]c Wt + >1b |:||t§+v
2 10 pott ENot 7 Uncertainty-- i1 o discriminant distributions in CRs and SRs;
e : : . .
i ' © combined fit performed to all the regions to determine the
ol signal strengths.
13.2fb7 @ 13 TeV
10} ATLAS Preliminary ttH (bb), \s =13 TeV, 13.2 b
U LA B BN LA B N B BULE BRI
O] | — Tot.
% . 51 77&77//5?,_%_. Stat.
T 05 Too Gz Som G a0y Yoy ey Sy Tot. ( Stat. Syst.)
= ' . . ; +29 , +1.4 +26
S 10"} ATLAS Preliminary  ¢-Data  [tH [t + light - : o , 4.6 " ] )
g f1s=13TeV, 182107 [i+>1c Mtf+21b MtT+V Dilepton H 2.3 ( 13 -1.9
o 10"} Dilepton [JNon-tt 7/ Uncertainty-- ttH
w 10° L Postit
N e — . 1.6 +1.1 , +0.5 +1.0
10 Single Lepton| +-e-— 6 T (o5 o9
94 *10 (+05 +09
Combined o "' -0.9 ( 05 -0.7
o1
3125- ~ ~ ~ . — 1 lIIIlIlllllllllllIlllllllllllllllllllll
S ol - o A O 2 4 6 8 10 12 14 16 18
© 05 , = =
B Y Sz (U e S Best fit u = c™/cH for m, = 125 GeV
Silvia Biondi - Universita & INFN Bologna 10 IFAE, Trieste 19.04.17



Combination and signa s’rreng’rh“

ATLAS-CONF-2016-068

1 I T 1 1 I | 1 1 I 1 I 1 I 1 1 T I I 1 I 1 I I 1 1 1 1 I 1 1 1 I | T 1 1 1 | T 1 1 1 | I T 1 1 I T T 1 | I I I
ATLAS Preliminary 1s=13 TeV, 13.2-13.3 fb ATLAS Preliminary 1s=13 TeV, 13.2-13.3 fb™
—total - stat. (tot.) (stat., syst.)
ttH(H—yYy) |—.— _ +1.2 +1.2  +0.2 ttH(H—yYy)
(13Tev 13.3f0") 03 Lo (5. 502 ) (13TeV133fb")
1.3 0.7 +1.1
ttH(H—>WW/tt/ZZ) === 25 "7 (%7, %9 ) ttH(H—WW/1t/Z2) ‘
(13 Tev 13.21b™") (13Tev 13.21b™")
#10 [ +05 +09
ttH(H—bb) g ————i 2.1 0.9 ( 05 07 ) ttH(H—bb)
-1 : . . . P
(13 Tev13.21fb™) (13 Tev13.2fb™) SO Expected (1=0) + 1o
ot =0=={ +0.7 +0.4 +0.6 at~n | B - ] | eeee- E ted (u=0) + 2
ttH %%n%gll?atlon 1.8 07 “o4s 05 ) ttH %%rr%g/?atlon xpected (u=0) £ 2
; Observed
ttH combination : 1.7 98 (o5, e ) ttH Combination| [ & : | oo Expected (u=1)
(7-8Tev’ 4'5-20'31b-1) 1 1 | i 1 1 | 1 ! | l 1 | 1 .| 1 1 |. | 1 | 1 (7-8Tev’ 4'5-20'3fb-1) | | [ I | | [ N | | Ll
0 2 4 6 8 10 5 6 7/
best fit M for m =125 GeV 95% CL limit on e at m =125 GeV
it i

O A signal strength y = 1.8 £ 0.7 has been measured;
O this corresponds 1o an observed (expected) significance 2.8 ¢ (1.8 0);

O observed (expected) 95% C.L. limit on pis 3.0 (2.1).

© The largest impact in the uncertainty comes from ttH(bb) channel;

© dominated by tt+b/c jets background.
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HH(WW/ L1 /%)

. MVA technique fo get a better  MVA techniques included in the analysis;

separafion from QCD. . different division of phase space in channels.

ﬂH(bb)
 several regions options under investigation;

« improvement in freatment of #t modelling.

boos’red HH(bb)

- adding one boosted channel, sensitive to
different kinematics; -

: ATLAS Work in progress

. top/Higgs tagging techniques; | 5= 13 Tev
: ' Background composition
- right now the strategy is being decided © [ tibarslight
between 4 different SR options ! t MW tibarsb
(reclustering jets or large-R jets). 5 - By
_____________________________________________________________ I [] Non-ttbar
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CMS status
| HH(WW /ZZ/1) with 35.9 fb™ |

@)

O Different analysis strategy: no channel with ts, different BDT training (against tt 02

and against t1V); >

(72

O A ssignal strength p=1.5* 0.5 has been measured; 2_';

O this corresponds to an observed (expected) significance 3.3 ¢ (2.5 0); :i

o

o o . o

O observed (expected) 95% C.L. limit on p is 2.5 (0.8). »

#H(bb) with 11.4 -12.9 fb"’
—_— 11.4-12.9 1" (13 TeV) 11.4-129fb" (13 TeV)
CMS Preliminary CMS Preliminary

O Different analysis strategy: 2 W tot stat syst 0

channels, but different signal >

regions and different Dilepton|  +—+—m—— -0.04 *'%0 +105 +101|  piepion - i

co’re?orlschon variables (BDT, é >

MEM -

. Lepton+jets — . -0.43 *102 <051 40881 antonijets 6

O A signal strength p = -0.19 £ 0.8 has o - =

been measured; é S Expected 6| §

e —————— e es Expected +2¢ o

. P +0.80 +0.45 +0.66 Lo - | - ttH(u=1) injected W

o observed (expected) 95% C.L. limit |~°™" T 019 st 0as es| Combined “w Observed | &
onMis 1.5 (1.7). S S S PR ] i
-2 0 2 4 6 1 10

Best fitu:c/oSM atm, =125 GeV 95% CL limit onu=c/<sSM atm, =125 GeV
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Conclusions

© “The importance of being #tH” - (~) Oscar Wilde

» 1tH searches crucial for Higgs-Top coupling direct measurement;
« possible hint for physics BSM from indirect measurements;
© The obtained resulis:
« ATLAS ttH analyses based on ~13fb" p-p collisions at 13 TeV;
« Run-2 results: observed (expected) significance 2.8¢ (1.80);
» to be compared with: observed (expected) significance 2.3¢ (1.5¢) at Run-1;
- fotal uncertainty is dominated by systematics.
© What's nexi?
. 36.5fb " with the full statistics of 2015+2016;
* optimisations and big changes are ongoing in all the analyses;

A boosted ttH channel will be included in the next
combination;

« preparing one paper per analysis and one for the
combination.
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Outline

e e e - e e e e

e - e —

O ttH production modes and motivations to ttH searches

O© Run-1 results: summary H
o Different channels in ATLAS: H
» tH (vvy):
- HH (WW/ZZ/1);
- {tH (bb); H

| O© Run-2 early data results

O Changes in the analyses after the publication

© CMS status

I O Conclusions
L

— R ————— — — R ——— —— — ———
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LHC

| ’ Run 3
LS1 EYSTS 13.5-14 TeV 14 TeV 14 TeV energy
injector upgrade 5t0 7 x
splice consolidation cryo Point 4 limi - nominal
7 TeV 8 TeV button collimators DS collimation icnrtyeorajlrgtliton HL-LHC luminosity
— R2E project P2-P7(11 T dip.) regions installation =
Civil Eng. P1-P5 \I

2013

2014 2016 2017

2018

2019

2020

2021 2022 2024 2025 2026

radiation

damage experiment

experiment upgrade 2 x nominal luminosity

75% Ll | Dhase | — — | upgrade phase 2

! i nominal luminosit
nominal beam pipes y
luminosity |

L
we are here

integrated
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http://hilumilhc.web.cern.ch/about/hl-lhc-project

L 50
>
2
< 40
=
-
|
T 30
©
o
E 20
S
210

reference

O Multipurpose experiment fo discover
signatures of new physics and to perform
precise measurements of Standard Model.

o Different technologies depending on the
kind of physics to be detected.

T T T I T T T I T T T I T T T I T T T I T T T I T

— ATLAS Online Luminosit

[] LHC Delivered
[_] ATLAS Recorded

Total Delivered: 38.5 fb™
Total Recorded: 35.6 fb

Q Detector characteristics
Muon Detectors Electromagnetic Calorimeters ] Width: 44m
; \ ot Diameter: 22m
//\\ \ - ﬁ Weight: 7000t
/ Solenoid \ \ ' CERN AC - ATLAS V1997
\ \ \\ Forward Calorimeters
p_— \\ End Cap Toroid
Yy s =13 TeV =
| \]

UONEIQUED £ 12

0 1 1
18/04 16/05 13/06 11/07 08/08 05/09 03/10 31/10

N i
1 i Inner Detector ‘ A
Day in 201 6 Barrel Toroid Hadronic Calorimeters Shielding
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun2

Top Quark and Higgs Boson &

© The last quark discovered, only in 1995.

O |t is the most massive fundamental particle
known:

reference
my = 173.34 + 0.27 (stat) + 0.71 (syst) GeV |

© High m;implies a large Yukawa coupling with

’Eh?ol-y)ggs boson (~1), wrt other couplings

O© Due to its short lifefime, the to qucrk decqys
before hadronizm% (detected as a “jet”: a
cone of particles that goes through the
detector).

O Unigue opportunity to study properties of a
bare quark.

Top decays ~100% of times in W
boson and b quark

q
w g
b b

decay time ~ 102 s
hadronization ~ 1023 s

Silvia Biondi - Universita & INFN Bologna

O Speculated in 1964 by Higgs, Englert and
%c%%f discovered in 2012 at CERN; Nobel in

o ATLAS and CMS collaborations observed a
nevutral scalar particle of mass ~125 GeV.:

Higgs boson.
T l T T T T l T T T T l T T T T

> [ o oma ATLAS
o ) )
o 25 [l Backgroun 22 H-2Z" -4l
‘2 - .Ba kground Z+jets, ft
[
@ o[ [] Signal (m=125 Gev) J CMS Vs=7TeV,L=51f"\s=8TeV,L=53 1"

:%Syst.Unc. ] [(FrrrrrrrTTT

L s=7TeV:JLdt=481" .
- s=8TeV:|Ldt=581b" ’ 1

10F

Unweighted

-
&)}

1500

1000

500
100 150 200 250 -
my, [GeV]

S/(S+B) Weighted Events / 1.5 GeV

110 120 130 140 150

m,, (GeV)
o Still ongoing studies about its properties
(mass, spin, etc.).
reference
S My = 125.09 * 0.21 (stat) £ 0.11 (syst) GeV \
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http://pdg.lbl.gov/2016/reviews/rpp2016-rev-top-quark.pdf
https://arxiv.org/pdf/1503.07589.pdf

The 1tH channel

@ Alljets

® e+jets
H+jets

® tijets

@ e+e

o @ pte

° @ pp

® tie

T+
® it

A
1%”°

a

15%

Total Uncert

—
Q
T

N Higgs BR +
S .3
q
—r
q
-

15% 10-4|\|‘|||||||\||||||\
80 100 120 140 160 180

M, [Ge\%m rgfgrgngg
t BR (i->lvqq) ~35% Standard Model Total Production Cross Section Measurements  stats: August 2016
'8_ 101 500"%8;) A ATLAS Preliminary - Theory

contribution to our channel

3 . 10° 3 Bl Data 45-49!
o(pp->tt) ~ 8x10™ pb : S LHC pp V5= 8 Tev
: 10° 3 TS BBl Data 20317
80 events each billion : : e LHC pp & =13 Tev
: 10* 3 BEEl 0ata 008- 133
NB! the main background : 3
1 10 -

o(pp->HX) ~ 45 pb

1 event each 2 billions

Wt wz ZZ t ttW ttZ

s-chan

Silvia Biondi - Universita & INFN Bologna 20 IFAE, Trieste 19.04.17



https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults

Reconstructio

A ¢

<

Tracker

ter
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__ftH({yy) - photons isolation

ATLAS-CONF-2016-067

O Reconstruction is seeded in energy clusters in the electromagnetic calorimeter
with Er > 2.5 GeV in aregion of An x A¢ = 0.075x0.125;

O energy is measured from a cluster size of An x A¢ = 0.075%0.175 in the barrel
region of the calorimeter and An x A¢ = 0.125x0.125 in the calorimeter endcaps;

O The identfification of photons is based on the lateral and longitudinal shape of the
electromagnetic shower in the calorimeter (2 working points, loose and fight);

0 photon candidates are required to deposit only a small fraction of their energy in
the hadronic calorimeter and to have a lateral shower shape consistent with that
expected from a single electromagnetic shower;

O the info on the shape of the shower in the high granularity first layer is used to
discriminate single photons from hadronic jets in which a neutral meson carries
most of the jet energy.

O The calorimeter isolatfion is computed as the sum of transverse energies of
positive-energy topological clusters [59] in the calorimeter within a cone of AR =
(An)2 + (Ad)2 = 0.2 centered around the photon candidate;

O the frack isolation is computed as the scalar sum of the fransverse momenta of all
tracks in a cone of AR = 0.2 with pT > 1 GeV which pass some loose tfrack quality
criteria and originate from the diphoton primary vertex.
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ftTH(yy) - more Info
Signal & Background modeling

Signal model

» Double-sided crystal ball function centered at my = 125.09 GeV

» Parameters of the model determined using a fit to MC

Background model
* Modeled with an analytic function
® Chosen from data control regions

» Minimize bias in extracted signal yield
» NTNI photons, loosened b-tagging

requirement
® Considered functional forms

» Exponentials, Power Law, Dijet,
Bernstein polynomials
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ftTH(yy) - more Info

Systematics

® Theoretical uncertainties

» QCD scale » PDF acceptance

» PDF » HF content in ttH categories
» Strong coupling constant as » UE & PS

> BR(H—vy)

o Experimental uncertainties
» Yield uncertainties (Luminosity, Trigger, primary vertex selection)

» Migration uncertainties (JES, JER, flavor tagging, lepton efficiency & ID, pileup reweighting,
photon ID & isolation)

» Signal shape uncertainties
» Scale & resolution

® Background modeling = Spurious signal

= Most systematics in place except for some theory uncertainties
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ITH(WW/ZZ/tt

ATLAS-CONF-2016-058

SR/VR  Channel Selection criteria
SR 200Thaq Two tight light leptons with pp > 25, 25 GeV
Sum of light lepton charges £2 -
Any oloc’rions 111)1118‘0 have |n.| < 1.37 nggs boson decay mode A xe
%;ero Tha5d ca:;d]i\cflates 1 Category WW* tr  ZZ* Other (x 10_4)
Niets 2 9 an b—jets =
SR 201 Thoa Two tight light 1e§tons, with pt > 25, 15 GeV 200Thad 7% 17% 3% 3% 14
Sum of light lepton charges £2 20 ]-Thad 46% 51% 2% ].% 2.2
Exactly one Théd \candidaté, sf fopposite charge to the light leptons 3/ 74% 20% 4% 2% 0.9
m(ee) — 91.2 GeV| > 10 GeV for ee events
Y 40 2%  18% 9% 2% 0.8
SR 3¢ Three light leptons; sum of light lepton charges +1
Two same-charge leptons must be tight and have pr > 20 GeV
m(£+t0=) > 12 GeV and |m(¢+(~) — 91.2 GeV| > 10 GeV for all SFOC pairs ~ ATLAS  Simulation Preliminary Bl QMisReco []Other
|m(30) = 91.2 GeV| > 10 GeV \s =13 TeV [ Non-prompt [T Diboson
Njets > 4 and Np_jers > 1, or Nigrs = 3 and Np_jets > 2 Background composition et 2ly?) CJttw
SR 4¢ Four light leptons; sum of light lepton charges 0
All leptons pass “gradient” isolation selection 20Ty, €€ 2¢0Thag €U 2¢0Thaq MM

m({T¢7) > 12 GeV and [m(¢1(7) — 91.2 GeV| > 10 GeV for all SFOC pairs
100 GeV < m(4€) < 350 GeV and |m(4f) — 125 GeV| > 5 GeV
Njets 2 2 and Np_jers > |
VR Tight ttZ 3¢ lepton selection %and trigger selection
At least one (¢~ pair with [m(¢t(7) — 91.2 GeV| < 10 GeV

Njets = 4 and Np_jers > 2

VR Loose (tZ 3¢ lepton selection %and trigger selection
At least one (¢~ pair with |[m((t(7) — 91.2 GeV| < 10 GeV

Niets = 4 and Np_jers = 1, or Niets = 3 and Np_jets = 2 201 Ty 3/ 47
VR WZ + 1 b-tag 3f lepton selection %and trigger selection

At least one ¢~ pair with |m(¢T¢7) —91.2 GeV| < 10 GeV

Njets 2 1 and Np_jers = 1
VR ttW 200T,.a lepton selection %and trigger selection

2 < jets < 4 and ]vb—jets > 2

It jers > 220 GeV for ee and ey events

Emiss > 50 GeV and (m(ee) < 75 or m(ee) > 105 GeV) for ee events
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HH(WW/ZZ/1)

Uncertainty Source
Non-prompt leptons and charge misreconstruction

Jet-vertex association, pileup modeling

ttW modeling
tt H modeling

Jet energy scale and resolution

ttZ modeling
Luminosity

Diboson modeling

Jet flavor tagging

Light lepton (e, 1) and 1,4 ID, isolation, trigger
Other background modeling

Total systematic uncertainty

Ap
10.56 —0.64
+0.48° —0.36
+0.20 —0.31
+0.31  —0.15
+0.22 —0.18
+0.19 —0.19
+0.19 —0.15
+0.15  —0.14
+0.15  —0.12
+0.12  —0.10
+0.11  —0.11
+1.1  —0.9
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ligllele

ATLAS-CONF-2016-080

Systematic source How evaluated Lt categories
tt cross-section +6% All, correlated
NLO g,:enerator Powheg-Box + Herwig++ vs. MG5_aMC + Herwig++ | All, uncorrelated
(residual)
Radiation e s
(residual) Variations of ugr, pr, and hdamp All, uncorrelated ‘ )
PS & llladromsamon Powheg-Box + Pythia 6 vs. Powheg-Box + Herwig++ | All, uncorrelated
(residual)
NNLO top & it pr Maximum variation from any NLO prediction tt + >1¢, tt +light, uncorr.
t+ bb NLO generator | o) - O vs. MG5.aMC + Pythia8 t+>1b
rewetghting
t+bb P8 & hadronis. | /a5 aMC 4+ Pythia8 vs. MG5.aMC + Herwigi+ | ti+>1b
) reweighting - X
tt ; 2)12 ;e;:l:n scale Up or down a by factor of two 14 >1b [{ncertamty source Ap
L Ceighiing I tt+ > 1b modelling +0.53 —0.53 |
tt + bb resumm. scale Varv h e/t ' 1+ >1b .
're'w_eightmg ary pq from Hr/2 to pommps T Jet flavour tagglng +0.26 —0.26
tt+bb global scales Set pqy, ik, and pp to poAMPS tH+>1b ttH modelling +0.32 —0.20
reweighting . .
#F 4 bb shower recoil . Background model statistics +0.25 —-0.25
o Alternative model scheme tt+>1b e .
reweighling - tt+ > lc modelling +0.24 —0.23
tt + bb PDF . ) N _ i .
rewcighting CT10 vs. MSTW or NNPDF tt+2>1b J et energy scale and resolution +0.19 —-0.19
tt + b§ MPI Up or down by 50% tt+>1b tt+11ght modelhng +0.19 —0.18
it + bb FSR Radiation variation samples tt+>1b ) . .
tt + c¢ ME calculation | MG5_aMC + Herwig++ inclusive vs. ME prediction tt+>1c Other ba.CkgI'OUl:ld .modeﬂlng . +0.18 0.18
Jet-vertex association, pileup modelling +0.12 —0.12
Luminosity +0.12  —-0.12
ttZ modelling +0.06 —0.06
Light lepton (e, ) ID, isolation, trigger —+0.05 —0.05
Total systematic uncertainty +0.90 —-0.75
tt+ > 1b normalisation +0.34 —-0.34
tt4+ > 1c normalisation +0.14 —-0.14
Statistical uncertainty +0.49 —-0.49
Total uncertainty +1.02 —-0.89
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Combination and signal s’rreng’rh

ATLAS-CONF-2016-068

j | | L I | L L L I | L I L L L I | L L L I 1T 171 I L L L I | I_
T 5 ATLAS Preliminary _‘
T L Is=13 TeV, 13.2-13.3 fo” 36
4r ttH(H—yy) 4
B — ttH(H—>WW/1t/Z2) i
3P = ttH(H—bb) _:
- === t{H combination ]
ol- 2.0
- —
B \ 1g
: (I - e e N I S | - = - i B |—
Q50 05 1 15 2 25 3 35 4
w. form,=125 GeV
Analysis Observed | -2 0 —1o Median +1lo0c +20 Median
(,Lttt‘H = 0) (HtEH = 1)
ttH, H — ~v 2.6 1.4 1.9 2.7 4.0 5.9 3.7
ttH, H — (E/VIV, TT, ZZ) 4.9 1.2 1.7 2.3 3.4 5.1 3.1
ttH, H — bb 4.0 1.0 1.4 1.9 2.8 4.2 2.7
tt H combination 3.0 0.6 0.9 1.2 1.7 2.4 2.1
tt H combination Run-1 3.1 0.8 1.0 1.4 2.0 2.7 2.4
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CMS status: HH(WW/7Z/tt) &

CMS-PAS-HIG-17-004 I 455‘;; |

Category Observed u fit =10 Expected u fit £10 N
Same-sign di-lepton 1.7 (—0.5) (+0.6) 1.0(—0.5) (+0.5)
Three lepton 1.0 (—0. 7) (+0.8) 1 0(—0.7) (+0.8)
Four lepton 0.9 (—1.6) (+2.3) 0(-1.6) (+24)
Combined (2016 data) 1.5(— 0.5) (+0.5) 0(—04) (+0.5)
Combined (2015 data) [42] 0.6(—1.1)(+1.4) 0(—1.1) (+1.3)

| Combined (2015+2016 data)  1.5(—0.5) (+0.5) | 1 0( 04) (+05)
Category Observed limit Expected limit £1¢ %_:
Same-sign di-lepton 2.8 0.9 (—0.3) (+0.4) -

Three lepton 2.5 1.4(—04) (+0.7)
Four lepton 5.9 49(-1.7) (+3.1 2
Combined 2.5 0.8 (—0.2) (+0.3) &

o Different analysis strategy: no channel with ts, different BDT

training (against tt and against t1V);
o Asignal strength p=1.5* 0.5 has been measured;

o Ihis cc;rresponds to an observed (expected) significance 3.3 ¢ |
2.5 o), g
3

© observed (expected) 95% C.L. limit on pis 2.5 (0.8).
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CMS Preliminary 35. 9 fb! (13 TeV)

100}

Do PO® >
T

120

I

T T T
I'I*, post-fit (SM prednctlon)
-+ Data mWzZ  £INon-prompt —_
mttH DRares MCharge mis-m. |
WtW  EW*W* ggTotal unc.
Otz  @Conv. —

70

60

50

1.0
0.5

0.0

BDT (ttH,tt/ttV) bin

10F
=

CMS Preliminary 35.9fb" (13 TeV)
I T I I ]

I
31, post-fit (SM prediction) ]
+Data Otz [JConv. —
WttH EWZ Non-prompt
WttW  [JRaresETotal unc.

\\

i

- stat. unc.
1.5 A

BDT (ttH,tt/ttV) bin
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CMS status: ttH(bb

11.4 -12.9 fb"!

11.4-12.9fb" (13 TeV) 11.4-12.9b" (13 TeV)

CMS Preliminary CMS Preliminary

CMS-PAS-HIG-16-038

L tot. stat. syst.

: _ +1.50 +1.05 +1.01 :
Dilepton — .u -0.04 59 095 106 Dilepton -

: 1.02 +0.51 +0.88 ;
Lepton+jets ¢ -0.43 T0a 082 08y Lepton+jets -

=== Expected t1o
------ Expected +2¢
------ ttH(u=1) injected

Combined - - -0.19 081 Toa Toes Combined "= Obsorved
1 | | | | I 1 i | | | | | I | 1 1 I | 1| I | 1 1 | | I | I | 1
-2 0 2 4 6 1 10
Best fit u = G/GSM atm, =125 GeV 95% CL limiton p = G/GSM atm, =125 GeV

O Different analysis strategy: 2 channels, but different signal regions and different
categorisation variables (BDT, MEM);

O A signal strength p=-0.19 * 0.8 has been measured;

O observed (expected) 95% C.L. limit on pis 1.5 (1.7).
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Large-R jets: reconstruction and grooming:/

Reconstruction algorithms

both small-R jets Jet are reconstructed with an iterative algorithm which
and large-R jefs combines calo deposits inside a given radius R = 1.0

Jets are then cleaned, with
‘grooming” algorithms, from
contamination due to the
high particles concentration

v
Trimming algorithm

Jet constituents are reconstructed again into jets with

smaller radius Rgyp (SUbjet). Subjets with lower pr than a

only large-R jets fraction f.yt Of initial jet pr are dropped off.

The final jet is reconstructed using only the remaining
subjets.

~~~~~~

-

........ =0.2
Initial jet O piT/p'.;t < feut Trimmed jet | fcur = 0.0
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Anfti-k; and ki algorithms

© The iterative recombination procedure works by first cleaning a list of all objects (either
hadrons, topo-clusters or tfracks) in an event.

© The ordering of the list is irrelevant and proto-jets are built from these objects.

o0 Two distance measures in y-¢-space are associated to each member of the list, between the
proto-jet and its closest neighbor:

2
Lpij_mln(pTi7ij) R2

measure of the opening angle
and between the proto-jet and the beam: \L between the two constituents
_ .2p
U)iB = PT,-I AR;j = \/(yi —yj)? + (i — ¢))?

= If oig < 0j: The proto-jet is closer to the beam than it is fo any other proto-jetf in the event, so it is
defined as a jet and removed from the list.

= If oig > 0j: The two proto-jets i and | are combined info one, thereby forming a new protfo-jet.
This procedure continues through all profo-jets in the event.

+ If p =+1 —® k; algorithm: proto-jets with the smallest pr tend 1o be clustered first, so that the
highest pr proto-jets are clustered last.

+ If p=-1 —p anti-k; algorithm: proto-jets with the largest p; are clustered first. A consequence
of this is that isolated anfi-k; jets tend to be very close to circular in n-¢ space, because the axis
of the jet is relatively fixed after the first few steps of recombination. This stability makes anti-k;
jets more robust than k; jets in high multiplicity environments.
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Tagging techniques
O Used to exploit all the substructure characteristics of the large-R jets in boosted regimes;

O Top-tagging: simple algorithm which provides cuts on two large-R jet substructure

variables:
" Calibrated mass of the jet & i iz'dii'é'{;; between N-subjeftiness variables
: 2 2 :
(mig )% = (Z Ei] - [Zﬁi) ™= ZPTk X min(6Rix,6Rok, . . . ,6RNkK)
: . . ! ‘ : E number of dist bet :
' calibration needed because of low : : reconéf,rutcfed \A do = 2. ptk X R ’ Sunkgg‘rizr\:éeen ;
. . . . ' subjets k : .
'+ prand large angle contributions : _ constituent k :
BRI SN TP ™RE=n/n :
© Higgs-tagging: very similar to fop-tagging but for the second substructure variable:
. Energy correlation D, ¢ e,. &, = energy correlation functions: take !
! (a) /V info account all py, combinations and boost-
: (a,ﬁ) invariant angle AR between constfituents !
Ds (e (5))3a/ﬂ s B =1
© Taggers performances are given by two values, calculated in the same way:
Signal efficiency Background rejection
— (O\Trﬂggt‘d) — ( Niotal )
Niotal / signal ‘\'f“9‘9‘7d. background

Silvia Biondi - Universita & INFN Bologna 33 IFAE, Trieste 19.04.17



Top Tagging

The two variables mjet and 13, were chosen from a set of substructure variables, including other
N-subjettiness ratio (ty), splitting scale variables (Vd;,,Vdy;) and the minimum dijet mass from the
three subjets (Qw).

- The two chosen variables show a good background rejection at 50% and 80% signal efficiency.

- The t; variables are uncorrelated with respect to the mass and energy scale variables.

This combination of strong performance and lack of correlated behavior motivates the choice of
tagging variables.

Split23

calib
Mgt

Split12

Qw

M T
ass ATLAS Internal 8 ATLAS Internal
— Simulation 7 Simulation —
Tz W12 Signal correlations % Background correlations
T, Wta d;,
I | | | I | l l | :
T,,Wta T,, Wta Mass Qw Split12 Split23 \d,, ds a1 T2 Q, g
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Top Tagging ’rechmque

.-----------------------------------: n 0.16 L B o s e e e . m016_ . T n . L I
© Used to exploit all the : £ - ATLAS Prellmlnary Simulation | ATLAS Prellmlnary Simulation
substructure : ;0.14_— anti-k, LCW jets with R=1.0, 600 < p”' <800 GeV | 2,0.14_— anti-k, LCW jets with R=1.0, 600 < p <800 GeV "

h 1_ ° 1_. f'l'h : © [ i NojetgroomingappliedZ‘—)tf(m[=1.6TeV) ] © [ NOjetgroomingappliedZ'—)tf(mz=1.6TeV) ] >
cnaracreristics o e : ,.‘:'_'. 0.12( eeeeereeen No jet grooming applied Dijets (POWHEG+Pythia) — = 0.12 --weeeveeees No jet grooming applied Dijets (POWHEG+Pythia) - l__l
|qrge-R je‘l's in boos'l'ed o : Trimmed (f_,=0.05, R__=0.3) Z'~ ti (m_=1.6 TeV) | . - Trimmed (f,_=0.05, R_=0.3) Z' ti (m_=1.6 TeV) | 'IU

g , < 0.1 Trimmed (f_=0.05, R_ =0.3) Dijets (POWHEG+Pythia) ] < 0 1‘_ Trimmed (f_=0.05, R =0.3) Dijets (POWHEG+Pythia) | ==
regimes; : a &t ] =
. i 1 on
o substructure variables in : : 1 &
, . 0.06] 0.06 1 7
the algorithm: large-R - 0.04f g : 18
jet mass and 13 ratio. 1 %04 ol &
"""""""""""""""""" 0.02} 0.02 S
r - o " et ; = e ~ W
Oy E5435 150 5 o 03 04 06 08 1 12
Performances b~50 100 150 200 250 300 350 400 2 04 06 08 -
Jet mass [GeV] N-subjettiness 1,
6 Comparison 1 1
[ ] [ ) [ ] > >
between efficiencies 2 2
in # and HH g 9° g 9°
. o &)
N THand iiH. £ 08 £ 0.8
(@) (®))
. c 0.7 c 0.7
O |ooking at: 2 06 3 06
I @
Signal efficiency g 0.5 g 0.5
AT = 4 - 0.4
— (J\taggcd> 0.
- AT 0.3t 0.3¢
Niotal / signal
0.2F 0.2F .
Background rejection 0.1 0.1 - Simulation ys=13TeV -t -
.'\.tot(”' O | | | | | | 0: | | | | | | ] | | | ] | | | .
r= \,— 500 1000 1500 500 1000 1500
“Ytagged / background Calorimeter jet p_[GeV] Calorimeter jet p_[GeV]
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HIiggs Tagging

O Correlation matrices:

« 5 variables studied:;

« considered all the combinations.

Background Signal

N

mass mass

mass D C wta mass D c wta
2 2 Ta1 2 T
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HIggs Tagging

Substructure variables
in the algorithm

Entries Normalised to Unity / 0.6 [GeV]

&
o
—

o
o
o
o3)

0.006

0.004-: 1

0.002}73

EEREAREIRENEREBEANEEEZEERER S ERER
. ATLAS Work in progress
- 1s =13 TeV (simulation)
~ anti-k, R=1.0 jets
[ Trimmed(f  <5%, R, =0.2)

p, = [250,1500], ni<2.0

== Higgs Jets
w2 tt Jets

| i | T I T T T I T T

11 | I 11 1 l | — l { S . | l | — | l

03%5% 3
st v

e B A S e A o et

250

0.016

0.012

0.01
0.008
0.006
0.004

Entries Normalised to Unity / 0.01

0.014}-

0.002}

IlIIIIIIl]IIllIIIIT]IIII[IIII]IIIIIIIIIIIIII]III

- ATLAS Work in progress
\s = 13 TeV (simulation) ~ Higgs Jets
anti-k, R=1.0 jets

_ e it Jets
— Trimmed(f <5%,R__=0.2)
- cut sub

[ P = [250,1500], ml<2.0

I'I'I'I'IT]'IIIIIIIIII

[
b

Piasiaetaciasis

6.5 1 16 2 25 3 35 4 45

mIIIIIIIIIII|III|III|]II|III|IIII—

0 50 100 150 200 300
mass [GeV] D,
’U-J”b 1-4:_IA'II'LIA.IS\INcl>rI; irlm pI)rolgrleslsl :'Il'ag;gi;glefflicilan;yl I_:7 I)%’
- - Vs =13TeV (simulation) — Background rejection =
Performances 2 .2 antAet0jets 1=
S [ Trimmed(f<5%, R_,=0.2) _:6 '%
. o s 1l-mi<20 &,y = 50% ] 2.
o Signal efficiency on ttH and background B Pz
. : . =, o ° - 5
rejection on tt; 2 08 T4 3
- . o
06 o —8 S ST
© only one working point: 50% signal efficiency. - 1 °
0.4 ¢ =2
0.2 =N
0: c e ey e e by :O
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Higgs Tagging performonces

E’ 1.4[~ATLAS Work in progress — Tagging efficiency - U’J:? ) i
> - Vs =13TeV (simulation) — Background rejection 57 = O leferel’ﬁ varia b|eS
g l.2penvhibes 6 S combinations studied:
o - Trlmmed(fcut<5 %o, Rsub—0.2) n 5
s 1l mi<20 € = 50% ] 5 2.
. — g | merho . - * correlations, cuts, signal
Aim: discriminate ttH | g 08; R efficiencies and
- e 1a 8 background rejections;
from t. 06 o —3 4 S g J
- ° =
041 12 - m-D; seems the best
0.2f =0 choice (slightly better
AR than m-t2).
400 600 800 1000 1200 1400
Truth jet P, [GeV]
"\c) 1. T T | T T T | T T T | T T T T T T | T T T T—] ’-\07 —_I T | T T T | T T T | T T T T T T | T T T |_—
UZ 82 ATLAS Work in progress — mass +D, N LIJAé 9: ATLAS Work in progress — mass +D, Z
= 1.6 Vs=13TeV (simulation) ::Zzzc ] < 8:— {s = 13 TeV (simulation) :z:zzc e
? E anti-k, R=1.0 jets —mass+ﬁ; E =z - anti-k, R=1.0 jets —maswﬁrz =
O 1.4 Trimmed( <5%,R_,=0.2) _ﬁifﬁa — S 7 Trimmed(t  <5%, R_, =0.2) _E:;: -
O B cut su 2 ] = - cut su 2 .
= ml<2.0 22:;“1; ] O - i<2.0 g:d ]
qg 1'2:_Cut optimization performance at &, = 50% —CWZ: %L _: Only One g)—)' 6:_Cut optimization performance at &, = 50% _sz.:ﬁ\ﬂ; _:
s 4 waorking ERGE 3
S 0.8F —> = point (50%). & 4F : -
B -_— — ] X : _
0.6—— — = 8 3E — =
.::3: e—— H = (a8} C —— . . E
0.2 = = 3
O: | | | | | | | | | | | | | | | | | | | | | | | 1 : O: | | | | | | | | | | | | | | | | | | | | | | | | :
400 600 800 1000 1200 1400 400 600 800 1000 1200 1400

Truth jet P, [GeV]
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MultiVariate Analysis

Problem

o Analysis aim: to identify events that are both rare and overwhelmed by

a wide variety of processes that mimic the signal.

© Conventional approach by using cuts on individual kinematic variables

far from be optimal!

Soluhon MultiVariate Analysis (MVA)
1. choice of set of variables, characterising an event;

. 2. application of non-linear cuts on signal and bockground
' samples;

. 3. define a function (classifier) that, using the dlscrlmmqhng
: variables, is able to identify each event of the real data
belonging to the signal or to the background category.

background characteristics (fraining) and
assigns a weight to each event
(~ probability that event is signal or
background).

The algorithm “learns” Sﬁnol and \

Many different algorithms
available (Neural Networks,
Boosted Decision Tree,

Likelihood, ...).
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MVA in the ttH channel: boosted &

. /Root)
Boosted Decision Tree (BDT) <::gg;
N
© Decision Tree = sequence of binary splits applied to the /m xi<cl
datfa, using discriminating variables. o P
O In order to improve the performance of the algorithm, a \/\/ \/\/
“forest” of binary tree structured classifier is considered. [y c2| Ixi<c\2j x> c3) {xi<c\3j—
A AN AR VAN
© The final leaves are labelled as signal or background, @/ LS ) "/ f\S )
degending on the majority of events in the respective R DAt —
Nnoagae. xk>c4| |xk<c4]

@

E- -------------------------- S : ;02 —IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIII_
Procedure in the boosted channel 5 S | ATLAS Work in progress ]
>
. ) . . . : & 0.6 $=13Tev,365 fio! Total k |
. 1. Choice of a set of 10 kinematic variables: : % 06_ Single lepton _Ota background |
: < | boostedd,20 ttH (m, =125 GeV) |
. opfimised from a large set of initial variables, : |_Separation:22.2%

looking at the separation power, importance : i i

ranking and correlation amongst them; 5 0.4 -

2. substructure, Higgs reconsiruction and global : - grosreee .

event topology related observables; : -/ i i

: 0.2+ =
. 2. training on signal and background events; : 2 §
. 3. results: BDT discrimination output (gives the best : i |
SepOrOTIOn beTween Slgn(:” Ond bOCkground On The : IIII|IIII|IIII| L1l |III I|IIII|IIII|IIII|IIII|
real data as well). : %6 05 04 03 02 01 0 01 02 03

| BDT output
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I\/\VA in ITH

2

o Separation: < 5% > / ) dy
P T2 + 9B(Y) /
* ys and yg are the signal cmd bcckground probability density functions of vy,
respectively;

- zero for idenftical signal and background shapes and 1 for shapes with no
overlap.

cov(X,Y)

OXO0Yy
* two random variables X and Y;

© Correlation: P(X ; Y) —

« cov is the covariance and sigma(X) (sigma(Y)) is the variance of X (Y).

© Importance ranking:

« by evaluating the number of times the variables are used to split decision
tree nodes;

« by weighting each split occurrence (by using the same variable) by the
separation achieved and by the number of events in the node.
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-----------------------------------------------------

Ingredients
© BDT distributions in SRs; . 1 In order to test for signal presence in the channel:
© Hy (= Z pr) distributions in CRs; © 1 1. build a likelihood as a product of P terms over
-+ all the bins of the distributions;

© P depends on estimated number of

events in each bin (function of p); . 1 2. perform a fit in the signal and control regions;
o set of parameters to model the . 1 3. find a best-fit value of the signal strength p = o/

systematics uncertainties (Nuisance L Os

Parameters);

: 4 out a upper limit on y @ 95% CL.

Sys’remahcs included:

; luminosity (4.1% for 2015+2016);
. JES and JER;

- Jet Flavour Tagging;

- Light leptons;

L Large-R jets;

E  Signal modelling;

- Background modelling.
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Likelihood and test staftistic

O Likelihood function:

Si = Stot fs(x;05)dx

« defined as the product of Poisson probabilities for all bins: bin 2
bi = bto Jo(x; 0y)dx
N . N\ M my 0 Join i
[,(,LL 9) _ H (:u'S] + b.?) ’ e—(y,Sj-l—bj) H Uy, e Uk
j=1 J k=1 £ é )
- To test a hypothesized value of y, the profile likelihood ratio is considered: A(u) = £('Lf’ é)
My

O Test statistic q,;:

« for the purpose of establishing an upper limit on the strength parameter , it is defined as

_J0, po< i
" _QIHA(M)v p > :&

- Higher values of g, represent greater incompatibility between the data and the
hypothesized value of .

U
o P-value: 0 \

“best-fit” point (u,0)

-2log(L)

« quantifies the level of agreement between the data and the hypothesized p.

Pu = /qoo f((1u|ﬂ)d€1u

p,obs

« the value of y, for which the median p-value is equal to 0.05, gives the median upper limit
on U at 95% confidence level.
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Events

Likelihood and test staftistic

pdf for gy assuming both a strength parameter y and a different value |’

f(a, Ju)

/

+f(qu| W) is shifted to higher value of q,
med(q [w’] '

f(q ) // . corresponding on average to lower p-values |

/ p-value

The sensitivity of an experiment can be characterised

v by giving the p-value corresponding to the median qy

assuming the alternative value |’

The upper limit on g at a confidence level CL=1-c is the value of p for which the p-value is p, =c.

350

300¢

250¢

2001

150

100

S50f

By simulating the experiment many times with Monte Carlo,

1 itis possible to obtain a histogram of the upper limits on y at 5% CL.

The *1o and error bands are obtained
from the MC pseudo-experiments.
The vertical lines indicate the error bands as estimated

directly without Monte Carlo simulation.

l'L95

up
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CL: method

O Modified Frequentist CL; method:

- confidence level for excluding the possibility of signal on top of background (the s+b
hypothesis):

Qs1+bh — Ps—l—b(Q,u < qM,obs)

- probability, assuming the presence of both signal and background at their hypothesized
levels, that the test statistic would be less than or equal to that observed in the data;

- confidence level for the background alone:

ab = Po(q, < quobs)

- probability assumes the presence of the background only. This confidence level has been

suggested to quantify the confidence of a potential discovery, as it expresses the probability
that background processes would give a number of events smaller than or equal to the

number of observed candidates.

" CLbu

b—OnIy sqg+b

1V
P(N|s+b)

N events

Silvia Biondi - Universita & INFN Bologna 45 IFAE, Trieste 19.04.17



