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Why SUSY? Why stop?

e SUSY: one of the most promising extensions of the Standard Model

It can potentially solve many physics riddles: t

one of these is the hierarchy problem for the Higgs LT A . o
boson mass (SM naturalness problem)

e the largest divergent contribution comes t
from top quark loop

 cancellation of quark loops with the ) \’

corresponding squark loops H t‘( /

1 | N

a quite light stop is needed

e two mass eigenstates, t, and 1,
* m(f,)<m(t,) and ¢, significantly lighter
than the other squarks.
N ~ i ° ~ 0
* charginos Xi=1> and neutralinoes X;=1,34 :
mass eigenstates from the combination of the

SUSY partners of the Higgs boson and of the
electroweak gauge bosons.
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The SUSY Italia team during RUN I

Lecce: M. Bianco (now at CERN), E. Gorini, L. Longo, M. Primavera, M. Reale and A. Ventura

Milano: M.I. Besana, A. Favareto, T. Lari, G. Lerner, F. Meloni C. Rizzi and C. Troncon

Pavia: P. Dondero, G. Gaudio and G. Polesello

Udine: S. Brazzale and M.P. Giordani

+ collaboration with S. Darmora (Texas), G.Usai (Texas), S. French (Cambridge) and M. White (Melbourne).

 Different analyses concerning stop research
* Remarkable part of work shared: sample production, cut-flows, code maintenance, estimation

f fake leptons... ‘
OF JaKE 1epIons ...and a lot of results achieved!

4 published paper during RUN I:

# Search for supersymmetric particles in events with lepton pairs and large missing transverse momentum
in \/E = 7 TeV proton-proton collisions with the ATLAS experiment.
Eur.Phys.J.C 71 (2011) 1682

#% Searches for supersymmetry with the ATLAS detector using final states with two leptons and missing
transverse momentum iny s = 7 TeV proton-proton collisions.
Phys. Lett. B709 (2012) 137-157

# Search for a heavy top-quark partner in final states with two leptons with the ATLAS detector at the LHC.
JHEP 1211 (2012) 094

# Search for direct top-squark pair production in final states with two leptons in pp collisions at \/E =8TeV
with the ATLAS detector.
JHEP 06 (2014) 124
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...and a lot of results achieved!
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Stop in two leptons final states
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Search for direct top-squark pair productibn in final
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states with two leptons in pp collisions at
Vs = 8 TeV with the ATLAS detector
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3 different analyses sensitive to different stop decays

(depending on different mass hierarchy):
e leptonicm_

e hadronicm_,
e multivariate analysis (MVA)
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COMMON FINAL STATE
SIGNATURE:

e 2 opposite sign leptons (e, W)
* 2 b-jets

. ETIniss from+ and 7((1) 7




Stop in two leptons final states

Am = m(fl) - m(Y (1))
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Leptonic and hadronic m_, variables

m._, :generalized transverse mass for systems with 2 invisible particles. m_, has an end-point at the

true mother mass: m..,<m(mother particle)

G+r=7r

m;pg(_{ ),ﬁgz),’ﬁ’f) = min {mcm[mj_r (P1 ,q), m (pJE _’)}} P

take the max of m_and minimize over all possible 2 missing momenta such

that their sum gives the observed missing transverse momentum

LEPTONIC m_,
m.., evaluated with 2 leptons [ and V= E;ﬁss

e tt or WW events have end-point at the W
mass

e SUSY events with higher end-point
because of neutralinos' presence

HADRONIC m_,
— lepl

m., evaluated with 2 jets Pr and v.=E*+p

—lep2
r tPr

e tt events have end-point at the t mass
* For SUSY events ) _*'strongly correlated to
the stop-chargino mass difference
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Leptonic and hadronic m_ results combination: exclusion plots

Exclusion in 3-dimensional mass parameter space
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Stop in two leptons final states
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Multivariate analysis

ff =t Y = oW bW Y = bl XY bl XY

Multivariate analyses can provide in some cases better signal to background discrimination wrt

standard cut based analyses

TRAINING E TESTING

Simulated signal and background samples as input.

Divided in:
A

Testing sample:
Used to check the

74
Training sample:
Used to teach the discriminant
method how to distinguish
signal from background

method performance

APPLICATION
Assuming that the method has learned the
difference between signal and background, it is
applied to the analysis sample (which contains a
signal-background mixture)

Output: classifier value for each analyzed event

e Discriminant method: Boosted
Decision Tree with Gradient Boosting

BDTG

e 7 input variables (m_, , E™ ...)

T2 ?

e Training procedure optimized to target
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Stop decaying in b+chargino with MVA (&, WORK

IN PROGRESS
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Stop decaying in b+chargino with MVA (W WORK

IN PROGRESS
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WW-like analysis A\ WORK
IN PROGRESS
Address regions uncovered by previous analysis. b
. 4
° — - miss : .
Stop — 2-lep + 2b + E™* focusing on the region . W/l .
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WW-like analysis /A WORK

IN PROGRESS

Address regions uncovered by previous analysis.

* Also sensitive to the interface region between 3 and 4 body stop decay

t1, production, t— b T, / - Wb i / T t 7 Status: ICHEP 2014
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I ITITIVY

WORK

IN PROGRESS

WW-like analysis

77T TETZITY

Analysis in advanced status: supporting note approved by the SUSY
group, will be part of the third generation Summary paper.

Important preliminary results achieved:

v Good coverage of the holes between the stop 3-body and 4-body decay

v WWe-like stop decay exclusion preliminary results cover a significant part
of the light stop region addressed as a candidate to explain the possible
WW excess

v Contribute to the combined 4-body decay upper limit for the summary
paper

ATLAS note: ATL-COM-PHYS-2014-754
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WORK

y IN PROGRESS
(I TITITS
Natural Gauge Mediation theory inspired

model with gravitino Lightest SUSY

Particle, stau NLSP and stop NNLSP.

Could have escaped current analyses (tau
vetoes, top mass cuts...can suppress this
kinematics)

- ATLAS Preliminary

:_J Ldt=203" {s=8TeV

ES2 Observed limit (+16, )

----- Expected limit (+16,,,)

LEP limit

All limits at 95% CL

-
.......

Lep-lep channel

e 2-lepton channel:
ATLAS-CONF-2014-014 (march
2014), concluded

* lepton-hadron channel:
ATL-COM-PHYS-2014-890, note

in CDS, just unblinded.
Collaboration of Milano and other
groups, planned paper combination
with had-had channel 20
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I TIITIIS

tb+E. ™ AT -COM-PHYS-2014-912

WORK
IN PROGRESS
In models where neutralino is ; /b
higgsino-like r
m(x7) =~ m(x}) p - W
i b/t o
th— X3 +b ~=" T -
fl—>)ET+t :;q‘_“-... '{[lj
expected to have similar BR. D b/t ? .
b/t

« Other analyses are optimized for ¢t or bb final states, but not for mixed
ones.
« Several pMSSM and simplified models tested.

Collaboration of Milano, Sussex, Sheffield and Liverpool Universities. Will be part of
the third generation summary paper. Probably not covered at beginning of RUN II.
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Plans and studies for RUN I1

Stop 2-lepton channel team ready for RUN Il !!

* Lecce: M. Aliev, M. Bianco (nhow at CERN), E. Gorini, L. Longo,
M. Primavera, M. Reale and A. Ventura

e Milano: T. Lari and C. Merlassino

* Pavia: S. Carra, P. Dondero, G. Gaudio and G. Polesello

+ other institutes: Bern (A. Cervelli, F. Meloni and M.E. Stramaglia),
Texas (S. Darmora and G. Usai), Technion.

v Started biweekly informal meetings to work closely together

v Priority to the leptonic MT2 analysis with a cut and count approach.
This analysis probes relatively heavy stops and it is a simple
signature, so it is well suited for an early and robust analysis.

v Evaluation of MVA expected performance for RUN Il

v First studies at 13TeV from Sonia and Giacomo, see next 23
slides(continuing the work by L. Rossini at Milano 3th gen. workshop).
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Plans and studies for RUN I1

Evanls

Evanls

Stop into 2 lepton channel (from W decay)
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Plans and studies for RUN II

» High stop masses region targeted by the leptonic m.., analysis
extended to 13TeV.

e Set of preliminary selections under study.

 Preliminary study of expected sensitivity (to be confirmed with
more accurate simulation)

e Possibility to extend current limits just with ~5 fb™ (probably
collected by the end of the year)

e With ~20 fb™ expected to cover up to ~800GeV for the stop mass

25



Conclusion

 Great results achieved during RUN I

e Some analyses still capable to give considerable contributions on
RUN I data

* A powerful team that is continuing to work together
e A first plan for RUN II developed and ongoing

e We should be able to extend current limits by the end of the year!
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Fake and non-prompt estimation

Common estimation for italian SUSY teams (different
analysis)

Fakes: jet misidentified as leptons (i.e.:semileptonic tt,W+jets,...)
Non-prompt leptons: heavy-flavour decays or photon conversions

DATA DRIVEN TECHNIQUE

Two types of lepton isolation criteria are defined for this evaluation: “tight” and “loose”.

Counts the number of observed events containing loose-loose, loose-tight, tight-loose and
tight-tight lepton pairs in a given SR

The number of events containing a contribution from one or two fake leptons (fake-fake, fake-real,
real-fake, real-real) is calculated from these numbers, acting on leptons couples with a 4x4 matrix.
Each elements of this matrix contain probabilities (f and r) that relate real-real, real-fake, fake-real
and fake-fake lepton pair event counts to tight-tight, tight-loose, loose-tight and loose-loose counts
The probability for real leptons passing the loose selection criteria to also pass the tight selection is
measured using a Z — 11 (1=e,p) sample. The equivalent probability for fake leptons is measured
from multijet enriched control samples.
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Background fit

» observed numbers of events in the CRs used to derive SM background estimates in each SR via a profile
likelihood fit

* takes into account the correlations across the CRs due to common systematic uncertainties and the
cross-contamination in each CR from other SM processes

The fit takes as input, for each SR:

1. The mumber of events observed in each CR and the corresponding number of events
tm
predicted in each by the MC simulation for each (non-fake, prompt) background

SN CE,

o]

The number of events predicted by the MC simulation for each (non-fake, prompt)
background source.

3. The mumber of fake and non-prompt lepton events in each region (CRs and SR)

obtained with the data-driven technique

Each uncertainty source is treated as a nuisance parameter in the fit
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Leptonic M_ analysis

4 SRs DEFINED to maximize the
discovery potential of the analysis

M, is the key variable of this cut-based analysis

fhtr — bxT byy — bW oW =0 — bl gy b~ ¥

tity — bW bW XY — byl P XY bl xS

« Cuts onm_ suppress WW and tt

L L1 L11 L12 o . . e
SR 0 W ! ! /  Sensitivity to different stop-chargino mass splitting
mry [GeV] >90  >100  >110 >120 » m_ selection optimised to target models with
Leading jet pr [GeV] — >100 >20 — chargino-neutralino mass splitting > m(W)
Second jet pr [GeV] — > 50 > 20 —
Am(fl,)"(li) small ~ large moderate small _ 1.100, | R
A-m()"(li, %)) moderate  large moderate large = JL dt =203 fo L2 et s 7
= 3 same flavour L) Z+jeis —— Sngle o
2 10 C—+ [ Reducitle —=
L ” 2jets p_ > 100,50 GeV =3 ww E Higos 3
o =G B S
: ——— m(i, ¥ ¥,)=(150,120,1) GeV =
Lo — S m{t’ri:' i, }=(400,250,1) GeV = ——
leptonic m__ analysis (b + %) E
ANY EXCESS OF DATA WRT MC ATLAS
has been observed !!! " =
ﬂ 1 L 5
. . o ---.: ------------- =
. . . . = ]
Exclusion limits obtained s /. g
O

in combination with hadronic MT2 results.

20 40 60 80 100 120 140 160 180 =200
mo, [GeV]



Hadronic M_ analysis

Bty — byt by = WY W30 — byl 0 binlxY

b—jet . oo .
mTQ‘]e designed to be sensitive to the models with

chargino-neutralino mass splitting < m(W)

Selects signal over ,
SR
background #\

b-jets

Rejects Z/y*+jets - Leading lepton pr [GeV] | < 60

mt2 |GeV]

Rejects tt <€4—— m’i)® [GeV]

Am(ty, X7)
Am(x7, X))

H160
=2
> 5 DAL B L BLRLELSLES LML LA LA
[()] 7 ® Data 2012 (s = 8 TeV)
(O] 10 ATLAS ——— Standard Model
= Ldt=20.3fb" C Zeets
": (}ﬂ r 106 _[ :tt-, Wit
] 0 hadroni Ivsis (b + % Reducible
160 | § g et G
e [H160, prior to m, cut]
14 w
lﬁrgﬂ 10*
® 0 aamms _.5} =(300,150,100) GeV
small 10° i = (300,100,50) GeV

Data/MC

0 50 700 150 200 250 300

Exclusion limits presented

in combination with leptonic M__ results.

350 400
m>J* [GeV]

31



Leptonic m_ variable

JU‘
Generalized transverse mass p ~ ;\}
for systems with 2 invisible particles
mr = \/ma + mf( + Q(Ea’Tw"Tmss — Pa.T - E%mss) } Pr
With m,, and P T espectively visible particle mass and
transverse momentum,; mjg invisible particle mass; P - j
wmiss — (Emiss)Z + m2
T T X 2
mry = min {max{mg(p, 7, 1), mr (P71, 77)]}
qr+rp=Ep**®
take the max of m_and minimize over all possible 2 o JL osomnt 73%‘ g;tﬁﬂﬁg sTov)

10° different flavour % ?Jm = 2:::::;2
2 jets p, > 100,50 GeV =3 ww E Higos
vz
m:¥1.i:.i‘°:=:150.12ﬂ.13 Gev
..... mit, &, &,)=(400,250,1) GeV

missing momenta such that their sum gives the
observed missing transverse momentum

Events / bin

10°
leptonic m__an alysis (b + f}

ATLAS
10

« for tt or WW events mM,is
limited to the W mass L

o instead for SUSY signal events my,
reaches higher values because of
neutralinos presence

DataMC




MVA method

« Asuitable set of N discriminating variables x. is identified

* Only one variable (T) is obtained from the variables set in input to the classifier method. T is like a map
function and embodies all the discriminating power from the input variables set

ﬁ T=M(X,w) w = parameters set directly
: from the classifier algorithm

i |

Multivariate variable T cut # set of unidimensional cuts but it is better because of the condensed

discriminating power

TRAINING E TESTING
Simulated signal and background samples as input.
¢ Divided in: N

Training sample: Testing sample:
Used to teach the classifier Used to check the
method to discriminate classifier

signal from background performance

APPLICATION
Assuming that the classifier has learned the difference
between signal and background, the method is applied
to the sample (containing unknown signal-background
mixture) to be analyzed

Output: T variable value for each analyzed event




b—jet

Hadronic M variable m " iS the key variable of this cut-based analysis
T2

leptonic M__

mro = minﬂ ' {maX[mT(ﬁil,T: q_'T)a mT(I_flz,Tﬂ FT)]}
@T—F?TT:E%H%SS

To obtain 1, *"lefinition, replace:

* P;, and Py vith transverse momenta of the
two reconstructed b-quarks

« E7ss With the vectorial sum of the lepton
transverse momenta and the missing
transverse momentum

= ———T—— 77—
s - @ Data 2012 (fs=8TeV)
6] 10 ATLAS —<— Standard Model
= 10° J.L dt=20.3fp" CJ Z+jets
— | — NN
% hadronic m_, analysis (b + f) 8 Reducible
o 10° M2y V-
= [H160, prior to m, cut] B 7z Wz
L N = ww

10 A Higos

..... nmbgzq§]=(BDDJSDJDD]GeV
10° = m(i,%,,) = (300,100,50) GeV b—th

P2 - @00100.1) Gev mr,  with very different kinematic limit:

Data / MC
(=] —_
oo,
o
8
| |
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fhtr — bxT by — bW oW — bl ) bl XY
Leptonic M_ analysis Bl — bWFRY B RY — bl XY bl 8
4 INCLUSIVE SRs DEFINED
PRESELECTION CUTS to maximize the discovery potential of the analysis
* Exactly 2 opposing sign leptons (e, ) with same
. L L1 L11 L12
or different flavor (SF or DF) SR i W 0 0
« leading lepton with p_>25GeV mra [GeV] >90  >100 >110 > 120
« leptons invariant mass m >20GeV Leading jet p [GeV] — >100 >20 —
« SFevents with m [[71,111]GeV Second jet pr [GeV] — > 50 > 20 —
« Ag<1l.5and Ap>1 Am(ty, X7) small large moderate small
/r Am()ﬁ, X)) moderate large moderate large
o Cuts on m_ suppress WW and ¢ t \‘ '/
[ SEDSlthIty to different StOp-CharginO mass Sphttll}g/ Here there is no selection over jets because
° mT2 selection OptimiSEd to target models with productlon of hlgh p Jets 1S not expected
chargino-neutralino mass splitting > m(W) 3-2 | JL A %
€ 102 same flavour % ?im = 2:3::;"2 ]
& 2 jets p, > 100,50 GeV =3 ww I Higgs %
BACKGROUND DETERMINATION m_ _ A v

« Main backgrounds:t t and diboson ( Z/y*+jets suppressed by m,_cuts ) - T mhEE -0 6N o

leptonic m_ an alysis (b + f}

e Main backgrounds normalised to data in dedicated CRs and o ATLAS j
extrapolated to the SRs using the MC simulation -
* Non-prompt leptons or jets misidentified (fakes) extimated 1 N
|l
ANY EXCESS OF DATA WRT MC has been observed !!! | S ost = . ‘WAL L/ f 08
my, [GeV]
—_— — — — o — — — — i — = — — e — — e — = = 35

. Acp the azimuthal angular distance between P T and the closest iet |
—miss

¢
K A(p the azimutal angular distance between P and P PTb P, = PP + pP + p? N



Leptonic M_ analysis

7 SRs defined
to maximise the exclusion power

statistically independent SRs allow a
statistical combination to maximise exclusion potential

Jet Selection ' : :
(p.>100 GeV) = 1 : i
(o250 Gav) - 2 . S2  S3 | S5
Ners(P,>20 GeV) 2 2 S4 S6
o S 1 SRS SO _
Nais(P>20 GeV) < 2 S?
1 1 ;
. " . 90 100 110 120
derived limits on the mass of a stop decaying: My, [GeV]

* {1 — bx; 100% BR
« ;1 — bW XY 100% BR
with SRs statistical combination

Exclusion limits obtained in combination
with hadronic MT2 results. 36



Lept MT2: background estimation

Selection Variable CRT, CRW. CRZy VRM VRY VR YR
Flavour DF DF SF DF SF DF DF

my [GeV] T1-111 <Tlor > 111

mrz [GeV] 40-80  40-80 =90  80-90 80-90 40-80  40-80
Pl [GeV] >3 <15 >3 >30
Ag; [rad] >10 >10 >10 >10 > 1.0 >10  >10
Ady [rad] <lb <15 <15 <1b <15 <15 <15
Leading jet pr [GeV] >20 > 100
Second leading jet pr [GeV] >20  >50

 Purity of the CRs improved by exploiting flavour information
and selecting either DF or SF pairs.

» The normalisation factors however are applied to all the events
in a given process (checks to demonstrate they are not
flavour-dependent)

For some models the signal contamination in some CRs can be high (sometimes up to 100%). The same CRs can be kept also for

these signal models, despite the high signal contamination, since the expected yields in the SRs would be large enough for these
signal models to be excluded even in the hypothe51s of null eXpected background

CR

—
det=20_3 b

d ifferant flavour

L LA L
- Dataamzrr a're\.r;
~-555 Standard Model
E Single top
B Readucible

T
mii ¥ &)=1150,120,1) GeV
----- mif % & )=400,250,1) GV

Events / hin

leptonic m_, analysis (b + %,

Data/MC

Data/MC

50

100 150

500

250 300 350 400 450

The fake and non-prompt lepton background is a small
contribution (less than 10% of the total background)

10°

same flavour

T
JLL dt = 20.3 tb™'

T - 1 " " T T " T T
—» ™ Data 2012 (Vs = 8 TeWV)
ottt Standard Model
CRZ — Z+1&m I single top
B Reducible

.
mif F, 71=(150,120,1) GeV
..... m.j't‘1,-1ix1;=r_4m.zﬁo.1; GeV

leptonic m__ analysis (b + X,

ATLAS




Lept MT2: background estimation

normalisations consistent with one

Channel CRTy, CRW, CRZp,
Observed events 12158 013 174
Total {constrained) bkg events 12158 £ 110 913 £ 30 174+ 13
Fit output, # events H600 £ 400 136 £ 24 276
Fit output, WHW events 1600 + 400 630 £ 50 14+ 4
Fit output, WZ, Z2 events fd+ 14 1445 112+ 19
Total expected bkg events 12700 £+ 700 800 £+ 90 190 £ 20
Fit input, expected tf events 0500 £+ 600 150 £ 25 0+£7
Fit input, expected W events 1260 + 110 490 + 80 1.7 £2.5
Fit input, expected W2, Z2 events T+ 12 17+ 4 132 + 11
Expected Z/~* — [l events ET_'IIJI 1.."_'f:';'.’; 19+ 8
Expected # V events 108 +34 0.08+0.04 0.64 £0.21
Expected Wt events 1070 £+ 90 R 1 1.6 1.1
Expected Higgs boson events 67 £+ 21 206 008 £0.04
Expected events with fake and non-prompt leptons 740 £ 90 81 £ 16 - -

Table 5. Background fit results for the three CHs in the leptonic mps analvsis. The nominal ex-
pectations from MC simulation are given for comparison for those backgrounds (¢, WIW, W2 and
Z Z) which are normalised to data. Combined statistical and systematic uncertainties are given.
Events with fake or non-prompt leptons are estimated with the data-driven technique described
in section 6.2. The observed events and the total (constrained) background are the same by con-
struction. Entries marked - - indicate a negligible background contribution. Uncertainties on the
predicted background event vields are quoted as symmetric except where the negative error reaches
down to zero predicted events, in which case the negative error is truncated.
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Lept MT2: background estimation

Channel L90 L100 L110 L120
Observed events 274 3 8 18
Total bkg events 300 £ 50 5.2+2.2 0.3+£3.5 1949
Fit output, ¢ events 172+ 33 Jo0+21 34429 1.1+1.1
Fit output, WW events T8+ 20 1L.O£0.5 324+ 1.4 124£7
Fit output, WZ, ZZ events 1.6+ 24 0.22+0-28 0.9+ 0.5 1.1+2.1
Fit input., expected t events 190 £ 40 3.9+ 24 2.7+ 3.2 1.2+1.2
Fit input, expected WW events G24+9 0.75 £ 0.38 JE1 945
Fit input, expected WZ, ZZ events 13.6+24 0267058 1L1+06 48425
Expected Z/v* — £ events 284+ 14 0.4l 000700 007000
Expected tHV events LE+06 035014 062+021 0.51£0.18
Expected Wi events 2147  0.00%40 - 0.35+03
Expected Higgs boson events 0.65 £ 0.22 0.02° [[]]H% 0.03£003 031012
Expected events with fake and non-prompt leptons 13.0£3.5 - - 1.0 = 0.6 1.1 +0.8

Table 18. Number of events and composition in the leptonic ms SRs for an integrated luminosity
of 20.3 b1, The nominal expectations from MC simulation are given for comparison for those back-
grounds that are normalised to data. Combined statistical and systematic uncertainties are given.
Events with fake or non-prompt leptons are estimated with the data-driven technique described in
section 6.2. Entries marked - - indicate a negligible background contribution. Uncertainties on the
predicted backeground event vields are quoted as symmetric except where the negative error reaches
down to zero predicted events, in which case the negative error is truncated.
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Bty — by by — bW W R0 — bl TR bl X

Hadronic M_ analysis -
Jet

My designed to be sensitive to the models with
chargino-neutralino mass splitting < m(W)
PRESELECTION CUTS
* Exactly 2 opposing sign leptons (e, [) with
R e Selects signal over [
« leptons invariant mass m >20GeV b-jets =2
Rejects Z/y*+jets -a|Leading lepton pr [GeV] | < 60
mr2 [GeV| < 90
Rejects tt <4 mh [GeV] > 160
BACKGROUND DETERMINATION &m(f ) large
* Main backgrounds: { {,Wt Am(%E, %9) small

* Main backgrounds and Z/y*+jets normalised to data in dedicated CR and
extrapolated to the SR using the MC simulation
» Non-prompt leptons or jets misidentified (fakes) extimated

derived limits on the mass of a stop decaying:
e t1 — bX7100% BR

Exclusion limits presented
in combination with leptonic MT2 results. 40



Hadr MT?2: background estimation

Selection Variable CRTy CRZy VRTy
Flavour any SF any
b-jets =1 =2 =92
leading lepton pr [GeV] < 60 = 60 = 60

mye (SF events only) [GeV] | —  81-101 < 81 or > 101
mrs [GeV] <90 <90 < 90
mi ™ [GeV] > 160 > 160 > 160

Table 7. Definitions of the CRs and VR in the hadronic mrs analysis: CRTy (used to constrain it

and Wt), CRZy (used to constrain Z/~"+jets decays to ee and pp) and VRTy (validation region

for # and Wt).
CRT, )

IIIIIIIIIIIIlIIIrr LI (L RO A N B B N N L B
JDataZMZl =8 Tav)

TLAS —— Standard Maode!

Ldt=20.31 " I::I Z+jets
[ Rash
hadrenic m,, analysis (b =3 educiie

My l:!:"mt o=3) —
[C R’TH. priar lam_ cut] [ AU
== ww
N Higgs
----- mlh&;fj = (300, 150,100) GaV
— m|1]g-lg"1 = (300, 100,50) GeV
mi{i, % 2} = (300,100,1) GeV

Entries / 10 GeV
3,

41
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Hadr MT?2: background estimation

(.35 = (.05

Expected Higegs boson events

2.06 %= 0.30

Channel CRTy CRZy VRTy
Observed events 315 156 112
Total (constrained) bkg events 315 £ 18 156 = 13 110 £ 50
Fit output, #, Wt events 266 £ 27 41+4 70 £+ 40
Fit output, Z/+" — ee, ppu+jets events 0.975% 147 £+ 13 20+ 8
Total expected bkg events 335 £ 90 110 £ 36 110 £ 60
Fit input, expected tt, Wt events 280 =+ 90 5E5H 80 £+ 60
Fit input, expected Z /4" — ee, pu-+jets events [].Eijl;,:;: 100 £ 34 13.8+ 2.4
Expected WW events .‘%‘_':’l [].[]T‘_‘*{’J: {1]; l"_':f
Expected 1V events 2.3 +0.8 1.5 +£10.5 2.3+0.7
Expected WZ, ZZ events 0.40 % 0.16 0.0670 0 0.1070 10
Expected Z/+" — 774jets events 2317 014 009 215 £ 0.28
Expected events with fake and non-prompt leptons 204+ 1.7 036 £0.24 128 +1.2

(.50 %= (.06

Table 8. Background fit results for the two CRs and VR region in the hadronic mrse analvsis. The
nominal expectations from MC simulation are given for comparison for those backgrounds (#, Wi
and Z/~4"(— ee, p* p~ ) +jets production) which are normalised to data. Combined statistical and
systematic uncertainties are given. Events with fake or non-prompt leptons are estimated with the

data-driven technique described in section 6.2,

background are the same in the CRs by construction; this is not the case for the VR,
consistency between these event vields is the test of the background model. Uncertainties on the
predicted background event vields are quoted as syvmmetric except where the negative error reaches

down to zero predicted events, in which case the negative error is truncated.

The observed events and the total (constramed)

where the

Normalizations
consistent with one
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Hadr MT?2: background estimation

Channel H160
Observed events 33
Total bkg events 26 £ 6
Fit output, tf, Wt events 22+ 5
Fit output, Z/4* — ee, pu+jets events 0_24:[1}:3
Fit input, expected tt, Wt events 24+ 7
Fit input, expected Z/v* — ee, pp+jets events U.Qf[l}:é
Expected WW events 0.007" H; [;
Expected ttV events 0.47 £ 0.16
Expected W Z, ZZ events 0.114+0.11
Expected Z /4" — 77+jets events 0.86 4+ 0.15
Expected events with fake and non-prompt leptons 25404
Expected Higgs boson events 0.08 £+ 0.02
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Lept and hadr m__ results: exclusion plots

leptonic m.p, analysis results

used to denve limits on the stop mass
decaying ; — bW+X1100% BR

hadronic m.., analysis results

used to derlve limitson %1 — by :t
for fixed 106 GeV chargino mass

L production, E’.Fi(t1

:.wifh]=1

@ m(t) << m(i) -
O, 180 | | g1 203m" (5= 8Tev =
?H 160 :_ — Orbsarved imit (£1 5.0 ) _:
E - = .
140 — - ]
120 =
100 — —
80 — —
60 —
a0 |- =
20 —
0 b | 1 | | | :
100 150 200 250 300
m(t,) [GeV]
1 prnductlcln BFh:t ) x IJ] =1
; 1 ED 11 k T T I T T T T I T T T T I T T T T
O B ATLAS m(i,)=106 GeV 7]
O, - J-Ldt 203" fs=8TeV .
100 — —
- ssssssss SLISY —
= | = Observed limit (16, ) Ay jimits at 95% GL ]
E [ ---- Expecled limit (£1a,_} ]
| W ATLAS 2L e, —
BD B e N ]
5 "':-;: :
60 _
40 ) —
A |
20 i
q [ R R R (R T TN T R S «*i'-. N N . L N
50 200 250 300 350
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MVA method

identified

Z

cut&count method

« Asuitable set of N discriminating variables X is

» Comparing MC signal and background variables
distribution a set of cut values is defined

Like a sequence of univariate analyses

multivariate analysis

« Asuitable set of N discriminating variables X. is
identified

* Only one variable (T) is obtained from the variables
set in input to the classifier method. T is like a map
function and embodies all the discriminating
power from the input variables set

T=M(X,w) w = parameters set
' directly from the
classifier algorithm

e Multivariate variable T cut # set of unidimensional cuts because of the condensed discriminating

power

« Multivariate method particularly useful

for problems with great variables quantity

>

e Variables correlation taken in account
» dimensionality of the problem is potentially reduces

TRAINING E TESTING
Simulated signal and background samples as input.
¢ Divided in: N

Training sample:
Used to teach the classifier
method to discriminate
signal from background

Testing sample:
Used to check the
classifier
performance

APPLICATION
Assuming that the classifier has learnt the difference
between signal and background, the method is applied
to the sample (containing unknown signal-background
mixture) to be analyzed

Output: T variable value for each analyzed event




TMVA: background estimation

Defined a CR for each SR, statistically independent

PRESFLECTION CUTS Control Region Event Variable Selection [GeV] BDTG range
» Exactly 2 opposing sign leptons (e, 1) with CRTY; C1, mrg =90 [—1.00, —0.20]
same or different flavor (SF or DF) CRTYE C1, mre > 90 [—1.00, —0.30]
o leading lept ith p. >25GeV '
eading ‘epton with p, =o€ CRTDE C1, mrs > 90 (—1.00, 0.00]
« leptons invariant mass m >20GeV
At least 2 iet I (“‘RT“4 C2, mpy > 90 [—1.00, —0.70]
. east 2 jets _
. Leading jet with p,>50GeV CRTLE C4, mTz > 90 [—1.00, —0.50]
e meff>300GeV (jRT}k” C1, mpy > 90, mg < 61 or my > 121 [—0.85, —0.75]
o S L CRTSE C1, mt2 > 90, - 61 or 121 [-0.85, —0.20
meff= somma scalare della met, dei momenti trasversi dei due :!Fj e = 90, mge < Ol O Mg > [ ). ]
leptoni e dei momenti trasversi dei primi due jet piti energetici CRT5;. C1, mpy > 90, mg < 61 or my > 121 [—0.95, —0.80]
— — — — (“RT\M C3, mrpy > 90, mg < 61 or my > 121 [—0.98, —0.78]
g 10 1 " 1 L AL AL LR E EI”III”I””IH”I”IIHH-I.”Dauzmzﬁalrelvl|lng
el S Flame  mmtear oo i :
'E 1ﬂ3 Wﬁ.anargms[1+f} :zleB % ”fE? wvianayslo (t+2,) Eizlwz ?E
5 oRZ — = 4 F i S, f
102 ATLAS —— e — 10° = ATLAS = ?ﬁgm':z =
e e i :
10 mil, ) - I - 10 = E
1 4 F E
10 4 vE E
10 1*3'22 =
2 : - - : S T E
AT 4 : MM % |-
A A7) N R
a 03 Y 08 04 oo 0 0.2 1 09 08 07 06 04 03 02 01 0

BDTG classifier response BDTG classifier response



TMVA: background estimation

Usually low signal contamination.

Channel CRT CRT CRT3; CRT3, CRT3:
Observed events 419 410 428 Rj 251
Total {constrained) bkg events 419 £20 410 = 20 428 + 21 J68 £ 19 251 £ 16
Fit output, # events a0t =23 i = 23 3T+ 24 320 22 214 14
Total expected bkg events 430 £ 70 4H = Ol) 440 £ 70 a8l = 0l 2000 = Bl
Fit input, expected 350 = Gl 375 G0 300 £ 70 a4l = M) 24 = 4
Expected #V events 2708 22+ 0.7 2407 2708 1.9+ 0.6
Expected Wi events A £5 19+ 5 A £ 5 16+ 5 15 =
Expected WW events "‘::(: '.T:'; ":‘I_’ h:“::: h:;_i
Expected ZW, ZZ events 10+£10 0970 L0+£10 0577 1O+ 0.8
Expected Z/+* — fi+jets events 03703 omIpE  om’pE 0shs 0.3
Expected Higgs boson events 26 = 010 024 010 026010 012006 019010
Expected events with fake and non-prompt leptons 18 £4 18+ 4 19+ 4 17+ 4 12.5 + 3.2

Table 10. Background fit results for the DF CRs in the MVA analvsis. The nominal expectations
from MC simulation are given for comparison for ¢f, which is normalised to data by the fit. Combined

statistical and syvstematic uncertainties are given.

estimated with the data-driven technique described in section 6.2. The observed events and the
total (constrained) background are the same in the CRs by construction. Uncertainties on the

predicted background event vields are quoted as symmetric except where the negative error reaches

down to zero predicted events, in which case the negative error is truncated.

Normalisation factors are consistent within one standard deviation (10) of the
normalisation factor derived for £t in the leptonic mT2 analysis

Events with fake or non-prompt leptons are
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TMVA: background estimation

Channel CRT;T, CRT;}, CRT; 1, CRT};,
Observed events ) T 1333 27
Total {constrained) bkg events 09 + 10 79+9 133 £ 12 27T+£5
Fit output, # events B2+ 14 oo+ 14 L1 + 16 14 £ 4
Total expected bkg events 094 £ 16 88 £ 16 129 £ 23 32410
Fit input, expected # == Go £+ 1 05 £ 20 19£7
Expected #V events 0098 £ 0,31 095 £ 031 1.4 4 (.4 (L7004 (.23
Expected Wi events 1.6+ 1.5 28+ 1.6 40+ 1.6 020130
Expected WW events 1.3+L7 1.4%33 L ARy 0.755%
Expected ZW, 22 events 1.3+ 0.8 2.1 0.7 2.1+1.3 1.4 0.5
Expected Z/~" — £f+jets events T+7 12 +11 14 +9 TG
Expected Higgs boson events 0.06 £ 0.06 008 £0.05 012005 004+ 0.04
Expected events with fake and non-prompt leptons 3.7 +1.7 3717 6.0 4+ 2.3 28 +1.2

Table 11. Background fit results for the SF CRs in the MVA analvsis. The nominal expectations
from MC simulation are given for comparison for ¢, which is normalised to data by the fit. Combined
statistical and systematic uncertainties are given. Ewvents with fake or non-prompt leptons are
estimated with the data-driven technigue described in section 6.2. The observed events and the
total (constrained) background are the same in the CRs by construction. Uncertainties on the
predicted background event vields are quoted as symmetric except where the negative error reaches
down to zero predicted events, in which case the negative error is truncated.

Normalisation factors are consistent within one standard deviation (10) of the
normalisation factor derived for £t in the leptonic mT2 analysis
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TMVA: background estimation

Channel M1PF M2PF M3PF M4P¥ M5PF
Observed events ! 11 ) 3 1
Total bkg events 5.8+ 1.9 13+4 51420 L3+1.0  L0O£05
Fit output, tf events 5.0+ 1.9 11 +4 3.1+1.7 0650 0.207050
Fit input, expected tf 5.2 + 2.6 11+5 3.2+2.1 06150 03173
Expected tfV events 043 +0.15 0.83+027 0.73+£024 038+0.13 0.23 +0.00
Expected Wt events nootyns 0.9+£07  04+04 - - - -
Expected WV events 03505 075+ 0.8 0375 049 £0.19
Expected ZW, ZZ events 005006 0112010 0204012 0057007 0.03 £0.03
Expected events with fake and non-prompt leptons {].{]{]f::fﬁ {].{]{]f::jm {].{]{]f:m: {].{]{]t:::ﬁﬁ {].{]{]f::jm

Table 20. Number of events and composition of the DF signal regions for an integrated luminosity
of 20.3 fb~! in the MVA analysis. Nominal MC simulation expectation is given for comparison
for the background (#f) that is normalised to data. Combined statistical and systematic uncer-
tainties are given. Events with fake or non-prompt leptons are estimated with the data-driven
technigque described in section 6.3. Entries marked - - indicate a negligible background contri-
bution. Backgrounds which contribute negligibly to all SRs are not listed. Uncertainties on the
predicted background event vields are quoted as symmetric except where the negative error reaches
down to zero predicted events, in which case the negative error is truncated.
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TMVA: background estimation

Expected ttV events

Expected Wi events

Expected WW events

Expected ZW. 22 events
Expected Z/~+* — £{+jets events

Expected events with fake and non-prompt leptons

0.07 £0.03

+0.08
0.02 7502

+(1.14
0.08 008

a+0.05
0.03 003

+01.03
0.02 00z

0.37°03

0.50 £ 0.17

002402

015+

2.3+0.5
Lats

1.1+ 0.8

0.06 £ 0.04

0.007 00,
0.08% 00

=+11.26
[} .2!.'} .25

Channel M15F M25F M3SF M45F
Observed events 6 4] 0 5
Total bkg events T6+£2.2 0.5+21 1.1 +£0.7 2.5+ 1.0
Fit output, tf events 7.14+2.2 3.8+ 1.6 0.7 £0.7 (L6 & 0.5
Fit input, expected ¢ 6.6 2.2 444+ 1.8 0.7 £0.7 (.7 £ 0.6

0.17 £ 0.10

L+ 0.07
0.06 Z5 06

1.2 £0.9

= 4.6
(0.5 0.5

0.00 5,30

Table 21. Number of events and composition of the SF signal regions for an integrated luminosity
of 20.3 fb~! in the MVA analysis. Nominal MC simulation expectation is given for comparison
for the background (#f) that is normalised to data. Combined statistical and systematic uncer-
tainties are given. Events with fake or non-prompt leptons are estimated with the data-driven
technique described in section 6.3. Entries marked - - indicate a negligible background contri-
bution. Backgrounds which contribute negligibly to all SRs are not listed. Uncertainties on the
predicted background event vields are quoted as symmetric except where the negative error reaches

down to zero predicted events, in which case the negative error is truncated.
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Statistical uncenterties

EXPERIMENTAL.:

» JES (Jet Energy Scale)

e JER (Jet Energy Resolution)

« SCALEST (CellOut energy scale)

« RESOST (CellOut energy resolution)

 PileUp (incertezza legata alla sovrapposizione di piu interazioni per bunch-crossing)
e Luminosity (set to 2.8%)

* JVF (Jet Vertex Fraction)

» Trigger (related to the leptonic trigger simulation efficiency; set to 3% )

THEORETICAL (only for backgrounds): ‘ Ao, 10% AC.¢y _ 309
* Cross-section / O — 77 Oy ~ 7207
« MC generator Aoy, _ Ao,

) z

 Parton Shower T
e ISR-FSR (Initial e Final State Radiation) AOCyyw o A Owz(zz) _ g
6% ——=7%
Oww Owz(zz)
| 2% —100%
O, 51



Stop decaying in b+chargino with MVA

) PRESELECTION CUTS
Considered baCkground * Exactly 2 opposing sign leptons (e, i) with same or different flavor
T (SF or DF)
Wi e For MET TRIGGER: met>120GeV
Zt * For LEPTON TRIGGER: pT_lep1>25GeV
WWwW * At least 2 jets with pT>20GeV, but no b-tagging
27 (— 41)
27 212
SRR « (MET Trigger: MC1) m; > 8 GeV:;
Z+jets (my > 40 GeV) _
Drell-Yan (8 GeV< my < 40 GeV) o (Lepton trigger: LC1) E5™> 50 GeV, my > 20 GeV and m.¢p > 200 Ge V;
i+ W .
P47 o (Lepton trigger: LC2) EZ"™> 50 GeV, my > 20 GeV and m,;p > 300 GeV;
rr+ WW

ggH — ZZIllvv
ggH — WW2I
WH — WWly
WH — bblv
ZH — WW2i
ZH — bb2l

J! 4 B E
212 PT Ep

1

55 h—je W R ET : | miss I nli
EF, My, M«jggj CAG(LL L), An(ly,la), Ap(ER L), Ad(jr, 1), Ag(Emss, pll), 2oisy 2Py S
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METODO DEL CL

OBIETTIVO: arrivare ai plot con i limiti di esclusione sul piano (m(%,),m(%}))

Come si esclude un punto sulla griglia? =» apposito test di ipotesi

— 02
T L

_ e Si considera variabile di prova g

oss [ obs  Si confrontano le distribuzioni degli eventi di fondo e di fondo+segnale

:  Si fissa ipotesi nulla (da verificare) = ipotesi di fondo+segnale

ok « Dato il valore della variabile q,. calcolata cioe sui dati osservati

: sperimentalmente, si calcola il p-value associato ad esso, cioe la probabilita di
ottenere un risultato pari o piu estremo di quello ottenuto.

 Si fissa a livello di significativita (di solito pari a 0.05)

| * Siesclude un punto della griglia se per quel modello p-value < «
2 RIGETTO DELL'TPOTESI NULLA al 95% di livello di confidenza

(viceversa si ha l'accettazione)
=» in questa ipotesi p-value = CL

0.05 |- P,

S+B

Allo stesso modo nell'ipotesi di solo fondo p-value = CL

Se le distribuzioni di segnale+fondo e di solo fondo siano molto simili fra loro (N _<<N )

=) Si potrebbe avere un’esclusione del modello per effetto di una sottofluttuazione di
N rispettoa N_

=pesclusione di un modello a cui I'analisi non e sensibile

CLs,p » per distribuzioni ben separate CL ~ CL
1-CL

B

=» sidefinisce |CL,=

o per distribuzioni molto simili CL 1

B—

ESCLUSIONE CL _<0.05




LIMITI DI ESCLUSIONE " derivati attraverso HistFitter

. basati sulla valutazione del CL_®® e CL_°* per ogni punto
S S

Tj’ production, BR(TI—> “)Z?I) =1
T T T LI

(0 [ ) S R R IR RN RS AR AR RN RRE =
8 - ATLAS DFplusSF ‘ ]
?;_250 — Ld; 20‘3df|b'. EzssuTst —]
[~ = Observed limit (1o ]
E [ === Expected limit ((:15::‘1) } N
200 [— Alllimis at 95% CL —
150 |~ =
100 - -
50 [ - Valutazione delle bande di errore
:...|..f/./| AT TN T N i L. . ) .
0™"150 200 250 300 350 400 450 500 550 600  Sul limite osservato — variando di 1o di

m(t,) [GeV] incertezza teorica

la sezione d'urto
dei segnali

e Sul limite atteso — considerando gli
estremi dell'intervallo
centrato attorno al S

associato al 68%
della distribuzione
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