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SM has been proven to be a very good model BUT..

»Hierarchy problem: neéds incre;il fine

tuning for Higgs mass stability
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Why not supersymmetry? it is a framework, many possible phenomenologies

— ———r—m

- SUSY is a time-space symmetry linking |

]1 a SM particle to a SUSY partner
| differing by 1/2 spin unit

Not an exact symmetry: mass of
particles#mass of sparticles

Loop corrections solve the quadratic
divergence of Higgs boson mass

If R parity is conserved, SUSY LSP
provide a natural Dark matter
candidate

R‘ ’: (_1)3(B—l)—|—28
+| For SM -1 for SUSY
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SUSY Naturalness

A possible phenomenology

—— —

Focus mainly on searches for Natural SUSY

| |
. Implication from both astronomic observation (dark matter relic density, cosmological constraints) |

| and Particle physics (Higgs measurements)

Naturalness Phenomenology typically predict

— = —_—— =

Heavy gluinos

All other particles are

relatively light 3rd decoupled

generation squarks an Higgsino would be the

LSP

U Light higgsinos
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8 TeV
[http://inspirebep. 26406

Cross Section [pb]

for higher SUSY masses:
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early data will improve
gluino and Ist-2nd generation production
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after 10 fb-! improvement in 3rd generation and
EWK production

R-parity conservation

R-parity Violation

strong/EVV pair production
with cascade decay to LSP

Sparticles with long lifetimes
due to mass degeneracy, small |
couplings

Multi Jet/Multi leptons from
LSP decays

many high Pt SM particles + | |
F1 due to LSP escaping 1‘; ]* | Secondary vertexes, mainly
detection _ _ — detector driven

——— _———

|

XXXI IHEP Alberto Cervelli
Conference INFN Bologna



http://inspirehep.net/record/1326406%5D
http://inspirehep.net/record/1326406%5D

=
INFN

=" ATLAS detector

Muon Detectors Electromagnetic Calorimeters

. Forward Calorimeters
Solenoid

End Cap Toroid

/

. II! L \\
il inner Detector Hadronic Calorimeters | Srloeli
XXXI IHEP 6 arto Cervelli

Conference N Bologna




INFN £

_ lsmuto Nazio

“How we look for SUSY

- E—

Pick a signal model
Typically use a simplified model for signal optimization:
-assumes 100% BR along the decay cascade
-limits the number of free parameters
-easy to present results to the community
lately reinterpretation for full models may be pursued

Search optimization:
Discovery: Typically inclusive cut and count analysis in SR
Exclu5|on more elaborate methods such as MVA shape fts

I

~— Irreducible Backgrounds Reducible Backgrounds =————

« Dominant processes: Fake Eqss, fake leptons
- MC normalised to data in process-enhanced backgrounds: Pure data-driven
control regions (CRs) estimates
- Extrapolation to validation regions (VRs) & SRs Validation in VRs

« Subdominant processes: Pure MC predictions )
\.

~ Combined Fit VR2

« Simultaneous fit of all components Unblind when BG model
In CRs (and SRs for exclusion) established

VR,

Unblind when BG model
established

Observable 1
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Reconstructed object multiplicities, momenta,
energies, e.9. Njeyb tagiy: PT: ETmiss: ---

Events / 25 GeV

Scale variables, e.g. Mg = Zpt + Etpiss,

Angular variables, e.g. min A®(jet, E1pjss), - -

Data / SM

Mass variables, e.g. my, m{®), Mg, ey, .. 556 500

ET™ [GeV]
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Event shape variables, e.g. Aplanarity, ...

ATLAS Preliminary e  Data
$45454454 Total SM
Y
= -1 I 7/ +jets
Vs=13TeV, 36.1 b Top
Reducible
i SR2-SF-loose Otfer
== (mm ) = (400.5,1) GeV
(m,m ) (500.5,1) GeV

Hypothesis-based event variables e.g. my,, ...

Events / 15 GeV

More complex methods, e.g. new recursive jigsaw
reconstruction [arxiv:1607.08307],

v

Data / SM
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“Interpretation of results

Results typically presented in 2D sI|ces of SUSY partlcle masses
Consistency between signal and bkg is evaluated for the point of the plane as a p-value
Model dependent limits are set on productlon cross sectlons

gg production, g — bf+if, m(q) >> m(g) L™ = 20.1 fo!, ys=8 TeV

I I I | I I I I I I I | I I I I I I I I
ATLAS

0 and 1 lepton + 3 b-jets channels ...
m( if ) - m( 5(*:’ )= 2 GeV m——— Observed limit + 1o

All limits at 95% CL

Observed limit

~~7" Expected limit £1 ¢ - ) .
° w/ nominal signal yield

Xp

SUSsY
theory

Observed limit
w/ +10theory Shifted signal yield

’0
‘O
o8t

Expected limit
w/ nominal signal yield

Acceptance gradient
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Cross-section gradient

IIIII'IIIIII‘I‘I|IlllT’?_l“HIIIII|III |IIII|IIII|IIII

Lightest SUSY particle

600 800
———————
Pair-produced particle
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Results W|th full dataset™

3rd Generatlon
stop OL ATLAS-CONF-2017-020 \
stop |L with DM+HF ATLAS-CONF-2017-037
Stop 2L ATLAS-CONF-2017-034 i
2b+MET ATLAS-CONF-2017-038 |
Stop in Z/h arXiv:1706.03986 |

_Itt(N

Incluswe searches
OL 2-6Jets ATLAS-CONF-2017-022 |
OL 7-11 Jets ATLAS-CONF-2017-033 (
multi b-jets ATLAS-CONF-2017-021 |
SS/3L + ]ets arX|v I706 O373I

RPV/Long lived particles
stop B-L ATLAS-CONF-2017-036
stop 2x2 ATLAS-CONF-2017-025 |
displaced vertices +MET ATLAS-CONF-2017-026 |
disappearing tracks ATLAS-CONF-2017-017 |
RPV IL arXiv:1706.03731 |

EWK production |
EWK 2/3L ATLAS-CONF-2017-039 |
EWK di-tau ATLAS CONF 20I7 035

—

summary

The list of the latest ATLAS SUSY results can be found here
https //tW|k| cern. ch/tW|k|/b|nIV|ew/AtIasPubI|c/SuDersymmetryPubI|cResuIts
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ATLAS-CONF-2017-022

Two complementary selectlon
strategles

24 SR usmg Effective mass (meff—PT(Jets)2+ET2) |
selection:
2-3 jets for direct squark decays
4-5 jets for direct gluino decays
5-6 jets for gluino/squark decays via X*
2 large jets for boosted gluino squarks via X*

1\
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4-momenta to invisible particles the
kinematics of the event

reference frame of intermediate
particles

Good performance for low mass
spllttlngs
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ATLAS-CONF-2017-022

No signal excess found
in 43 signal regions
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ATLAS-CONF-2017-037
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-  stop | lepton

Background estimated in up to 5 CR and validated
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ATLAS-CONF-2017-037
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Summary of 3rd Gen

| Stop with bino LSP: improvd
sensitivity for mass splittings |
of ~m: and <mw

_— = ———— ———

. ¢~ . . . b : L~ ~0
t{, production, > b %7 /- ¢ %, /> Wb ¥, /T 17, Status: May 2017 Bottom squark pair production, b; — b %
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ATLAS-CONF-2017-039 2 / 3 I e ' O n S
 Istituto Nazionale

Electro Weak production: Gauglno or slepton productlon decaylng via Ieptons or bosons
3 different channels/S|gnaI reglons AII channels have a Iarge mlssmg ET

| 2l+]ets: target chargino-
productlon decaying via ;‘ | neutralino production,
sleptons ' decaying via gauge bosons

3 leptons: targets chargino- |
neutralino decaying both |
trough gauginos or sleptons

- Main discriminating variables: Look for 2 leptons, both
M2, invariant mass of ;‘ opposite and same sign.
dilepton pair. '
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2/3 L: backgrounds
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channels. |
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2/3 leptons

No signal excess found L=36fb"!
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Sensitivity exceeding | TeV for chargino and

Summary of E

Decays via sleptons:

heavier neutralinos

May 2017

ATLAS Preliminary s=8,13 TeV, 20.3-36.1 fb!
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Decays via W/Z/h bosons:

sensitivity up to 600 GeV for chargino and

heavier neutralinos
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Detector driven analysis.

Targets models where chargino and
neutralino are almost degenerate, pion not
reconstructed

Two different signatures and productions:
EWK: ISR jet+Er+disappearing
strong: multi jets+Er+disappearing

' Low mass (160 MeV) LSP may have cT~6cm |

Run 2 sensitivity |mproved thanks to IB
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Dlsappearlng tracks

R—

obtained from data control samples i ;‘ Fake track from data
without material interaction ' CR with large do ! CR with large do

| significance, but no significance, but no
Smeared with resolution function to match missing Et missing Et

the tracklet Pt spectrum

Hadron bkg. Lepton bkg. 1 Fake tracks | Signal / Chargino
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Disappearing tracks
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A broader look

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
May 2017 \Vs=7,813TeV
Model ety Jets EYS [Ldnm™) Mass limit Vi=7,8Tev [{i=13TeV Reference

MSUGRA/ICMSSM 03e,u/1-27 2-10jets/3 b

Fry q_.qu 0 2.6 jets
7, 34t (compressed) mono-jet  1-3 jets
B8, B-qat; 0 26 jets
B8, B-qq¥] —gqW*k] 0 26 jots
R, B-sqq(te /)] 3ep  djets
R, R—rqqWZk, 0 7-11 jets
GMSB‘("NLSP) 1274012 0-2jats
GGM (bino NLSP) 2y -
GGM (higgsino-bino NLSP) Y 1h
GGM (higgsino-bino NLSP) Y 2jets
GGM (higgsino NLSP) 2e.pl?) 2jets
Gravitino LSP 0 mono-jet

2, g..ueg‘,’ 0 3b
B8, B—iX, Otep  3b
&8, Bk 01 e.p ab

T

Wi 185TeV  migl=miz) 1507.05525
miE])<200 GeV, m{1* gen. )=m{2* gen. ) ATLAS-CONF-2017-022
migh-mit] <5 Gav 1604.07773
i} )<200 GeV ATLAS-CONF-2017-022
7)<200 GeV, m(k* )«0.5(mik] )+miE)) ATLAS-CONF-2017-022
miE})<400 GeV ATLAS-CONF-2017-030
miE}) <400 GeV ATLAS-CONF-2017-033
1607.05979
cr{NLSP)<0.1 mm 1606.09150
miE})<950 GoV, cr(NLSP)<0.1mm, <0 150705493
mii})>680 GeV, cr{NLSP)<0.1 mm, u>0 ATLAS-CONF-2016-056
m(NLSP)>430 GeV 1503.03290
m(G)>1.8x 107 oV, m(E)»m(g)=1.5TeV 150201518

m{E} <600 GeV ATLAS-CONF.2017-021
11<200GeV ATLAS-CONF-2017-021
m(Es)<300 GeV 1407 0600

byby, by—bE] 0 2b M)} <420 GeV ATLAS-CONF.2017-038
byby, by -t} 2e,0(88) 1b . miE7}<200 GeV. m(¥] )= m(¥})+100 GeV ATLAS-CONF-2017-030

ih, [ —ht] 02epu 12h 713, iy 117170 GeV miE]) = 2m(E]), miE])=55GeV 1209.2102, ATLAS-CONF-2016-077
iy, i —WhE] or o] 02epu 02jets/1-2b Yes 20.3/36.1 90-198 GeV M1 Gev 1506.08616, ATLAS-CONF-2017-020
iyiy, fj—ek] 0 mono-jet 32 mi; }-m(E} )5 GeV 1604.07773

i1y (natural GMS8) 2eu(2) 1h 203 mif:)>150GeV 14035222

ahy, =iy + Z 3eul(2) 1b 36.1 mit} )0 GeV ATLAS-CONF-2017-019

iy, - +h 12ep 4b 36.1 miit)=0 GeV ATLAS-CONF-2017-019

b ply g, I-00] 2ep 0 36.1 mE0)=0 ATLAS-CONF-2017-039
X%, )fd —+En(£) 2ep 0 M }+0, miZ, S0 5(miE] Jermii])) ATLAS-CONF-2017-039
AR 100, ] = tv(ri), B2 —str(v) 2r - MYES)=0, Mt $)=0.5(m(E] )een(E7)) ATLAS-CONF-2017-035
i.’ib—.?Ly?L((M il L) 3ep 0 m(E? )emiE3), miE})=0, m(Z, #)=0.5(m(E] }sm(k})) ATLAS-CONF-2017-039
i:ié-o ¥ Z\'rz 23epn  O2jets miE] J=m(E3), m(E3)=0, ¢ decoupled ATLAS-CONF-2017-039
i‘ig—.wiéhi,. h—bb/WW/rt/yy ey 02h miE] J=m(E3), m(E?)=0, 7 decoupied 1501.07110
iéis. W5 —int dep 0 M(E3)=en(3), miE])=0, miZ, #e0.5(m(E3)em(i?)) 1405.5086
GGM (wino NLSP) weak pfod..iﬁ-oyc Tepsy cr<tmm 1507.05493
GGM (bino NLSP) weak prod., ¥; -G~ 2¥ cretmm 1507.05493

Direct ¥1 ¥, prod., long-fived ¥} Disapp. trk  1jet myE} J-m(ES)~160 MeV, 7(F] )=0.2 ns ATLAS-CONE.2017.017
Direct ¥1.X| prod., long-ived ¥] dE/dx trk - miE] -miET)-160 MeV, r(k1)<15 ns 1506.05332
Stable, stopped ¢ R-hadron 0 15 jets m{E] =100 GeV, 10 ps<r($)<1000 5 13106584
Stable § R-hadron Iri - 1606.05129
Metastable # R-hadron dE/dx trk miE] =100 GeV, r>10 ns 1604.04520
GMSB, stable 7, ¥} —#(&, i+ r(e, 1) 1-2u 10<taryg <50 14116795
GMSB, ¥} -G, long-ived ¥} 2y 1<r(])<3 ns, SPSE model 1409 5542
B8, X5 —seev ey upy displ. ee/ep/pup 7 <cr(i)< 740 mm, mig)1.3TeV 1504.05162
GGM i, ¥, 26 displ. vix + jets 6 <cr(F})< 480 mm, mig)=1.1 ToV 1504.05162

LFV pp—¥; + X, ¥y—vep/etpr cpeT T - - A3, %011, yx315820y%0.07 1607.08079

Bilinear RPV CMSSM 2e,u(SS) 03h : mig=mi@), crosp<t mm 1404 2500

LXK —WE X —eey, epv, ppy dep . : MU >400GEV, 4,540 (& = 1.2) ATLAS-CONF-2016-075

X x _.wié_ Xy —1TV, e1v2 Jepu+r - : M )>0.2xm(E]), 233 #0 1405 5085

B8, 8999 0 4-5large-R jets - . BR(r)=BR(b)=BR(c)=0% ATLAS-CONF-2016-057

23, 2-qgth &S = aqq 0 45large-Rjets - : M) }=800 GeV ATLAS-CONF-2016-057

7, G005, ¥ — qaq tepu 810j01804b - Y meE)= 1 TeV, 41220 ATLAS-CONF-2017-013

B8, B—iyt, [y —bs leu 810jts04b - . miiy)= 1 TeV, 252,20 ATLAS-CONF-2017-013

iyiy, fj—bs 0 2jets+2h - . ATLAS.CONF-2016-022, ATLAS-CONF-2016-084
f1fy, [y =be 2e.pn 2h - . BR(f, —+be/u)>20% ATLAS-CONF-2017-036

Other Scalar charm, é—cf) 0 2¢ Yes : e )<200 GoV 1501.01325

‘Only a selection of the available mass limits on new states or * i
XXXI phénomena is shown. Many of the limits are based on Mass scale [TeV] erto Cervel II
na

simplified models, c.f. refs. for the assumptions made.
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Conclusions

® SUSY searches in ATLAS represent a broad spectrum of
different searches and approaches, |3 results are now public

with full Run2 dataset

® Different Physics: strong production, weak production, long
ived particles

® Different techniques: multivariate, kinematic variables,
detector driven approaches

® We did not see anything yet

® Final Run2 dataset will provide more insight on SUSY, and
tools are getting better and better

® Will be able to target lower cross-sections and problematic

kinematic regions for SUSY decay chains
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