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Natural SUSY
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SUSY search strategy
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* Strong production of squark and gluinos o, [pb]: pp — SUSY
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* large cross-section ) VS=8TeV _

* i ciat + miss 4 3

inclusive searches: jet + Et (071/2) leptons . :
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* EWKinos and third generation squarks 0

* low mass required by naturalness

* more likely accessible at the LHC, but 10 2L
cross sections are much smaller
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800 1000 1200 1400 1600
M, verage [GeV]

* dedicated searches optimized on the Taken from http: _
. . . index.php?show=prospinodvisible=tools
signal kinematics

Look for:
* 3rd generation squarks in gluino decay
* direct production of light stop/sbottom

* EWV production of gauginos

gluino mediated direct
production production
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- A
ATLEAS

SUSY models

+ CMSSM - UV models with few parameters, e.g.,

mSUGRA
+ are very predictive and very constrained by multiple

sources.
+ They are phenomenologically limited, experiencing

tension.

PMSSM - reduces the number of MSSM parameters
with experimentally motivated assumptions.
4+ Can lead to complex spectra and decay patterns.
4+ Less constrained SUSY.

Simplified Models - only constrain the sparticles

SUSY Theory phase space

gauginos

T. Rizzo (SLAC Summer Institute, 01-Aug-12)

singlinos

CMSSM

MSSM: 29 sparticles + 5 Higgs undiscovered

Names

Spin | Py | Gauge Eigenstates Mass Eigenstates
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= between different searches or other experiments (e.g., i iin dr, dn (same)
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Strategies for natural SUSY search

- A
ATLAS

ATLAS-CONF-2012-167

+ ATLAS I T Vi
[Te) 5 ~ . 'e‘sanI'OUn
4 Assumes a particular simplified model 2 ) same flavour B30
. . . & = @ =22+wz
4+ Ildentify the corresponding signatures based on the wooe ==

[ Fake leptons

sV
m(stop,xtx")=(200,190,0) GeV
..... m(s\op,x{x|)=(300,200,0) GeV

ATLAS Preliminary

kinematics (depends on the decay and mass spectrum) o

4+ CMS "
4+ Maintain the characteristic of an inclusive search
4+ Specialize the SR on the base of the assumption of some
simplified model

Data/MC
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4+ For both experiment then CMS-SUIS-'12-028

4+ Cut & count experiments (though work in progress on MVA) é - "1341_‘-'7:;‘(38;&;%; nb=3;n'z4) ]
4+ Derive the limits (so far) E10°F S Standard Model - Expected Unc. 3
4+ Reinterpretation on some compatible scenarios a +L“\_ ------- (snn: ::&vag,'g;;:oxém ]
| 10§' ----- ;;ﬁ “““““ S E
4+ Common features to all these analysis: - O —— L 1
4+ RPC assumed (LSP stable, large ET™ss) 3
4+ Signal discrepancy expected in the tails
4+ Fighting with low statistic 10" L

M v by e by by b e b
0 400 500 600 700 800 900
Hr (GeV)

O T
O

4+ Data @|13TeV is needed to progress in the searches
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Searches tools

ATLAS

A number of variables (sometimes quite complex) used to discriminate from signal to backgroun

Scalar sum of the pT of jets (+ lepton)

Hp =Y pr+ ) pf

Effective mass: Ht + Ey™'ss
Nlep Njet

1=1 =1

Transverse mass:

CMS

mr = \/2pr B (1 — cos(Ad(pr, BF™)))

Stransverse mass: minimization performed on all
possible decomposition of the pr™iss

‘ 01 _fo __miss
mT2(Pt: P PT )

min {max[ mT(pffl. qr). mT(pfl?. rr) ]}

qT+rT=PT

Cotransverse mass: Et and pt of the visible particle
in the event

mér(vl,v2) = (Er(vl) + Er(v2))* — (pr(vl) — pr(v2))*

o

4+ alpha_t
4+ = 0.5 perfect balanced dijet event;
4+ <0.5jet mismeasurement
4+ > 0.5 recoil against genuine Ey™iss

ETjetZ ETjetz

b B |
M e - () ()

4+ razor:decomposition of the particle
boost,

Mr is defined using momentum after
trasformation, assuming jet have the same
momentum

Mg = /(B +E,)2 — (pl + p2)2

MR is defined using transverse quantities
and it is MET-related

— Er - (7
2

)

A@:¢mw+@
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Cross Section and Limits

A common approach has been taken by ATLAS and CMS concerning
4+ SUSY cross sections with uncertainties

4+ https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSY CrossSections
4+ representation of the exclusion limits

4+ expected and observed limits ( + 10 band)

'I'T'I'TTI1I| ||||l|'|l| |1||I'ITI| ||||I'I'_I'I|‘||||I'ITI] T

ISR SIS TR TS MUY S RSN SRR SR R ararara B S ST T T T T T T e l
200 400 600 800 1000 1200 1400 1600 1800 2000 100 200 300 400 500 soo 700 300 goo 1000
m; [GeV] m; [GeV]
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Gluino mediated searches

- A
ATLEAS

Sensitive to model in which squarks (except 3rd gen) are much heavier than gluinos

Depending on the decay of the stop/sbottom quarks, several signatures are possible

1 ~

st ,‘{li Gluino-stop (b;(li) degenerate (m}?t ,m/?o) . 0
1 ‘1 - =

o P X =W

b y* Gluino-stop (bfli) on-shell

1
L,

L —0 Gluino-stop (l‘;?lo) off-shell (mz; <m; +m,)
l Gluino-stop (l‘;?lo) on-shell (m; >m; +m,)

+ multijet ( > 6, some of which b-tagged) + Ey™ss

4+ all hadronic or |llepton signature
+ Final states with multiple W bosons decaying leptonically (+bjets)

+ 2 leptons SS signatures (gluino is a strongly interacting Majorana particle) = small SM background

4+ events with > 3 lep + multiple jets = suppression of charge flip and fakes
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g Gluino mediated (gtt) search

g-g production, g— tfi?

7 300
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3.3 oroduction. T 5. 1s = 8 TeV . © 800 CMS Preliminary — sus-12:0240-lep (Er+Hy) 19.4 b
g-g production, g— ttx1, \s=8Te Status: Moriond QCD 2013 @ - \: 8 TeV SUS-13-007 1-lep ("mf 6)19.4 10"
> 95% CL limits. o3YSY not included. o © - \S= e —_— 4]
1000 i theory ~ p - -~ Expected £ 700 [— MOI'iond 2013 SUS-12-017 2-lep (SS+b) 10.5 fb -
O] 0-lepton, 6-9 jets [L =581b7 )
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< . i “ -
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800 | 3 1eptons, = 4 jets L, =128M7 ~°7 Expected ] -
I ATLAS-CONF-2012-151 = Observed - 500 —
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2-SS-leptons, [0-3] b-jets [L_ =20.7 fb] .
ATLAS-C()F:\IF-2013[.007 1b int Observed | - )
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e Lo v by ' 1] g|uinomass[GeV]
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CombinedSummaryPlots/GttSummary_MoriondQCD201 3.pdf

https://twiki.cern.ch/twiki/pub/AtlasPublic/

+ full had. ( > 3jet, > 1 b, Ey™ss);

Hr + Eqmiss (CMS-SUS-12-024)
+ llep + = 6jet, 22 b, EY™iss:

Hr + Ermiss + S¢' + A (CMS-SUS-12-007)

mei + Er5 (ATLAS-CONF-2012-145)

o | + 2lep SS + >2 b:
4+ 2lep SS + jet, bjet, Ex™'"s: s :
T+ Mes (ATLAS-CONF-2013-007) Hr+ Erms + Njee — (CMS-SUS-12-017)
+ >3 lep + jets + Ey™iss:
Hr + Exmss + Njet (CMS-SUS-12-026)
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K\P>  Gluino mediated (gbb) search

ATLAS-CONF-2012-145 o . . .
g-g production, g—bb’y,

Vi
(=]
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o
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= - . £ - Moriond 2013 . (
g™ ~ 3 b-jets channel —— Observed limit+ 165°5 - o 8001 ---Expected =
1200 — e Theory 9 - -
- —— 3b-ets, 4.7 fo"at7 TeV - 700 -
1000 [— Al limits at 95% CL - - - .
C . 600 “‘ -
800 — ] 500 ‘.‘ '|‘ -
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400 - \\ ] 300 =
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gluino mass [GeV]

_ + full had. (jet + ET™ss): o, Hr
4+ full had. ( = 4-6jet, 23 b, ET™s%): (CMS-SUS-12-028)
mes + Er™ss (ATLAS-CONF-2012-145)
4+ full had. ( = 3jet, =1 b, Ex™ss): Hy + Er™'s
(CMS-SUS-12-024)
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Direct stop production searches

* The cross section for stop pair production falls rapidly

o = 176 pb with Increasing stop mass

* region at high mass: small cross section, irreducible top
pair background but one can cut on hard kinematics if

m(stop)-m(LSP) large

* for mass stop around mass top: need for powerful
discriminating variables

10° |
100 200 300 400 500 600 700 800 nio[%;\?]oo * it's about |10 times smaller then ttbar production
since stop is a scalar
_ %E\gapr INnOo
oP -> tO? + LSP, stop -> b + chargino l g
\ g e \\P o . v neutralino
...... AY? " _
----- %, :::\ N Z SIQD—
.+ . . = - ) l b

q P ¢ chargino

b . vlv neutralino

Mass difference among sparticles is an important parameter for the kinematic of the events

— analysis sensitivity highly affected
11
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Direct Stop results

F " \ ,l E T, production CERN ATLAS'S'U‘SY seminar Status: March 26, 2013

;‘600_l|||||l|lllllllllllll|||Il"l||||||I|||||lllllllllllllll_
[ L ATLAS Preliminary Lp=13-211b"1s=8TeV L, =4.7fb"1s=7 TeV _
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200 |
https://twiki.cern.ch/twiki/pub/ 100 [
AtlasPublic/CombinedSummaryPlots/
ATLAS directstop_all_March|3.pdf

200 300 400 500

.mt: [GeV]
T (light), Toby* < 1/2lep (+ bjet) + £, | It Teviiass 4sos; 12082102
it (medium), ’[—)bx1 ‘1 Iep + b-jet+ E Imiss | L5207 b7, 8 TeV [ATLAS-CONF-2013-037]
tt (medium), t—>bX‘ 2lep + E; s |L=13.01b", 8 TeV [ATLAS-CONF-2012-1671
it (heavy) t—>tx0 1 Iep +b-jet + E |, |L=2071b", 8 TeV [ATLAS-CONF-2013-037]
it (heavy), Tty 1 0 Iep +6(2b-)jets + E . |L=20.5b", 8 TeV [ATLAS-CONF-2013-0241
_tt (natural GMSB Z(—=ll) + b-jet+ E Fmes |27 b, 8 TeV [ATLAS-CONF-2013-0251
L, -t +Z - Z(—>”) + 1 lep +p-jet + = L=20.7 fb", 8 TeV [ATLAS-CONF-2013-025]



OO Direct Stop results

- A
ATLEAS

CMS Preliminary (s=8TeV, det =9.7 o’ CMS Preliminary (s=8TeV, det =9.7 b

T o S AL AR AN AR SARNA AR 10 S o T
> Cop — T8>t NLO NLL exclusu)t?esory = o Cpp > TET>by - b Wx "r\-l!_.O-NLL exclusu)gser =
O] [ 50 /501, /t, mixture === Observed +1o o O] [ 50/501, /1, mixture = a
E‘?x’ 200|— e 200 e

- X r X

C 1 e} £ C e}

B c B c
8 150 ° PEREIE S
) B ) © B -
~ f - ~ b e ]
- 100 ; (&) = 100 (@)

! C 107 R H B R
2 . i 4
(7,] 50— [7,) 50 —
1 F f -
(7)) )] B
< I B bt 0-2 E 0 ! g 10-2
0. 250 300 350 400 450 500 550 600 1 200 250 300 350 400 450 500 550 600
m,t, [GeV] m.= 0.5m.+0.5 Mo mT [GeV]
1 1
llep + jets, >1 b, Ex™Miss: My + Eqmiss (CMS-SUS-12-023)

Exclusive analysis published so far
More exclusive analysis ( Atlas-like) coming soon with full statistics
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Direct Sbottom search

Olep + 2b + Er™iss b — X
cut on Er™s, b-tagging, ET™/me, mct, Hr 2lep SS + =22 b: Hr + Et™s + Njet
mct limited from above by: (CMS-SUS-12-017)
2/(71 2(.C
MMAX _ m*(b) — m (X?)
m(b)
B% production B—>b§° fu" had' (jet + ETmISS ): (XT ’ HT
T (CMS-SUS-12-028)
©} - ATLAS Preliminary | e
S 600 R T Expected limit (+1 Gexp) S\ T T |~ ~|~ T (I) T T ,-I: T 10 3
e C ) All limits at 95% CL © 700~ pp—Dbb,b— by ;m@)>>m(b) 2
C ILdt: 12.8fb ,1s=8TeV N cDF 265 fb ] g L E t d1 Limit =1 5
s00 - 0 Do 5.2 16" E - xpected Limit =1 o exp. o
e ATLAS 2.05 b, \s=7 TeV - & 600~ oNLO+NLL . { 5 theory o
- ——— ATLAS 4.7 fb", \s=7 TeV | - CMS, 11.7 fl)'1, Vs =8 TeV 1 E
400 - ~ 500 o
C ] o)
: - 2
300 [~ - 400 3
. 1 107 O
200 |- - 300 8
C ] o
100 &7 7 _: 200 10-2
O 11 I 1 1 1 1 ":I 11 1 1 I | I I I §I I'E. 1 1 : 100
100 200 300 400 500 600 700
m; [GeV]
ATLAS-CONF-2012-165 i 0 10
300 400 500 600 700 800 G 9\9)0
A ~0 ~0 msbottom e
b1b1 — (bx7)(0X7)
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EWKino search

- A
ATLAS)

+ Mass eigenvalues generated through the mixing

of gauge eigenvalues NAMES SPIN | GAUGE MASS
, . , , EIGENSTATES EIGENSTATES

+ Depending on the mixing matrix neutralinos and

charginos may be wino-, bino- or higgsino- like Neutralinos | 1/2 | B W', H),H) | Z\Z2-Zr-Zi

+ this affects the preferred decay mode through Charginos 1/2 we, H' H; Pl

bosons (W,Z,H)

+ naturalness requires that the higgsino is light
4+ Depending of the mass hierarchy, chargino and

neutralino decay can proceed either via sleptons

or via SM boson »

X1 (*

+ Preferred signature for direct ewkino pair
production is multilepton final state + Ex™iss

X1 *
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KPS

EWKino search
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Italian contrib. to ATLAS natural SUSY search

)

/e

Italian SUSY group: Lecce, Milano, Pavia, Udine

* working together since few years as a group ( regular weekly meeting, mailing list and
twiki page for info sharing)

* different experience and competence complements each other
* well integrated in the DirectStop subgroup (T. Lari convener of the subgroup)

* 2-lepton signature investigated

Paper & conf note

Search for a heavy top-quark partner in final states with two leptons with the ATLAS detector
at the LHC - JHEP11(2012)094 - Sept. 2012 top+neutralino, 7TeV, 4.7 fb!

Search for a supersymmetric top-quark partner in final states with two leptons in sqrt(s) = 8 TeV
pp collisions using 13 fb! of ATLAS data - ATLAS-CONF-2012-167 - Dec.2012 b+chargino

Update of the analysis for 20 fb"! to be shown at LHCp, results still embargoed
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Italian contrib. fo ATLAS natural SUSY search &

- A
ATIEAS) I
ATLAS-CONF-2012-167 ATLAS-CONF-2012-167
* Sensitive to direct stop pair 3 ETTT T Ty g T e e T
d . . h d . . g J-Ldt~13.0fb" $55%5 S Background © 105 det~13.Ofb’1
Pro UCtlon’ Wlt StoP eca'ylng In % (b) different flavour % (a) same flavour
y ~+ ~0 i o e
t 1 % bX 1 % bl VX 1 J(lvl:)=(200~190‘0) GeV 1 03 pA to] x;)=(200,190,0) GeV
. m(s(op,xf,x‘)=(300,200,0) GeV. - m(stop,xl,;.[‘)=f300,200,0) GeV
on both |egs (2-|ep OS signatu re) ATLAS Preliminary " ATLAS Preliminary
10
1
* Main backgrounds: ,
% 15F Yo 7 % 18 K
* tt, dibosons g % § osf (400
0 20 40 60 80 100 120 140 160 180 =200 0 20 40 60 80 100 120 140 160 180 =200
* fake or non isolated lepton, tt+W/Z, s [GeV] m [GeV]
Wht, Z+jet
, , T, procuston T - 7 ATLAS-CONF-2012-167
Selection mainly based on m; S 300 Crtm e L
3 = ATLAS Preliminary m()-m(() = 10 GeV
mra(pg. pE. PE™) = min {maX[ mr(pt . ar), mr(pF. rr) ]} £ pso [ 130 BT

qT-+rT=pPT

4 different signal regions (mt2> 90, 100, I 10)

m—— Observed limit (+1 "meory)

..... Expected limit (+10,,,)

Al limits at 95% CL S

2 channels (same and different flavor of the lepton)

100

lllIIIlllllllIlIlllll

updated to 21 fb* - results not yet public
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Conclusions

4+ Huge effort in addressing search for natural SUSY search
4+ 3rd generation squark in either direct or gluino mediated production
4+ EWKinos
4+ Most of the analysis have been already updated with the full 2012 data statistic

4+ Some new results at various stage of the approval procedure
both analysis update and new analysis

4+ No evidence found so far, limits mostly drawn in simplified model scenario
4+ Large fraction of the analysis optimized using simplified models:
4+ check that all possible model grids are covered
4+ try to cover the “holes” as much as possible
+ Looking for signals in the tails: higher statistic and higher /s will help
4+ Start thinking about |3 TeV analysis
4+ Large phase-space of the SUSY models still uncovered

4+ Still a lot of work to do
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Events / 50 GeV

21 fb'@ 8 TeV
ATLAS-CONF-2013-24

ATLAS Direct Stop search (0-lep)

Data/SM
o

* Sensitive to direct stop pair production

ey ~0 ~0
titr — (Ex7)(EX4)
with top decaying fully hadronic

* Main backgrounds:

* semilep tt (lepton mis-id), Z(—VvV)+HF

tt+ Z(—VV)
* QCD multijets, W/Z+jets, W+HF,

tt+W(W), dibosons

ATLAS-CONF-2013-024

T
ATLAS Preliminary
J.L dt=2051b",1s=8TeV

O-leptons, SR ET**>200 GeV

° Da\; 2012
444 SM Total
3t

@ singleTop
Bl v

wees (1,7)=(400,1) GeV
—_ (Tvif):(eoo,n GeV

300 =35

Ev_piss [G eV]

0

500

450
400

350
300
250
200
150
100

ﬂﬂ production,ﬂ - ti“’(BR=1
— — T

, ATLAS-CONF-2013-024

Exmiss trigger: Er™iss >130 GeV

Request of

+ at least 6 jets (pt > 80, 80, 35, 35, 35, 35 GeV)

+ 2 b-tagged jets

Three Signal region based on Er™ss (200, 300, 350 GeV)

IlulIII|IIIIIIIIIlIIIIlIIIIIIIIIlIIII

T T
ATLAS Preliminary

I Ldt=20.5b", {s = 8 TeV
All hadronic channel

All limits at 95 % CL

T T

Observed limit (+16,.5)

Expected limit (1 6,,,)

no excess observed —limits

Expected limit (2011)

Simplified model scenario:

320 < m(ty) < 660 GeV  m(x)) =1 GeV

400 < m(t;) < 620 GeV  m(xY) = 150 GeV

Ill|llIIllIIlIlIlIIllIIIllIlIlllIIIllIlllIlIIlIl

L 1 3 |5:| Ll -
600 700 800

m; [GeV]
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- 350

21 fb'@ 8 TeV

arinsconraoissy ATLAS Direct Stop search (I-lep)

* Sensitive to direct stop pair production with both 6 SR:
stop decaying either 3 for top-neutralino scenarion +

! - - ) ) o L . .
£ — tX(1) or i — inE (Xi[ NG 7 7 )X(l)) 3 for b+chargino scenario )

(two different simplified model, BR 100%)

signature: | lepton + jets + Ey™Miss
* Main background: & P J T

_ o ' quite complex event selection:
* dilep tt.(llepton mls-ld, ouside acceptance, + using combination of b-tagging, ET™ss,
hadronically decaying T lep) E™iss/«/Hr, M2, mes, HT

+ shape-fit in (mT-Ex™'ss)

Liw = 20.7 ' /s=8TeV  ATLAS Preliminary

A [otal Fitted Background
Data
£ production, ﬁ—'ti: T, production, T, = baig;, %> W(‘)ﬁ?, m, = 2m Signal 1LSP 350. 150) |
400 T T T T T 1., T T T SJSV T = 260~ T T | T T — T SIUSY
B - == Observed limit (+10,.>") 1% F o —— Observed limit (10, ") 7
| ATLAS Preliminary — — Expected limit (+16,,) | ?,—240‘_ ATLAS Preliminary Expected limit (£10,,) | 950 4+ 57 174 + 28 262 + 34
L 1-tepton + jets + E™® Expeoted limit (HCP12) 1 €7, F  iiepton +jets + ET Expected limit (HCP12) ] n o
300 plonHIES Al limits at 95% CL | 220¢ opron ety E52 1-2 leptons (2011) B 140 253 16165 18[235 11
fL dt=20.7 fi", ys=8 TeV 200 de::zo.ﬂb",\s:sTev o ; 290 £ 60 145 4+ 23 101 £ 26 5
»50 B 7 C All limits at 95% CL ] — 190 268 < (119 <113 15 Y
— — C _‘ (o 2 —
i 1 18F ] G 1535 & 260 |760 + 120 695 + 151 A
200— — 160~ - - 1521 721 663
L _ r | ] g 16 13 22
140~ : = 90
150[— — F 7 3122+ 116 1962 + 60 2591 + 104
- 4 120 i = 3122 1962 2591
100— — E ' J 14 10 19 |
i | 100 / = 60 >
50[— — 80— -
i i C 3] 90 - I ; [
. ) . | ) A ) 60 T .4 1289 + 85 825 + 56 1441 £ 103 CB
%00 300 400 500 600 700 800 100 200 300 400 500 600 700 1289 825 1441 -1
ATLAS-CONF-2013-037 m, [GeV] ATLAS-CONF-2013-037 ™;[GeV] 60 1 * 1 y
100 125 150
G. Gaudio M. Pierini- VI Workshop Italiano sulla Fisica p-p a LHC - May 8-10th, 2013 i (GeV)

ATLAS-CONF-2013-037



21 fb'@ 8 TeV

arias.conkaoizas  ATLAS Direct Stop search (Z+bjet)

Events / 30 GeV

Data/SM

4+ Sensitive to direct stop pair production + Looking for signature with 2-3 lep + b + Ey™iss
with stop mass + m(ll) = m(Z)
~ ~0
m(t1) > m(t) + m(x7) 4+ Main background:
interpreted both in + dilep tt, Z+jets (2-lep )

+ GMSB models (stop decaying to

+ tt+Z, di- and tri-boson, fake lepton (3-lep)
neutralino, being NLSP)

0 ~ + 5 SR: Er™issand pr(ll) selection
X1 — 2G +3 for 2lep

+ Simplified model with +2 for 3lep
tz — Ztl

T,-t, production, Natural GMSB model

1
4

L~ ~ = 0
L L A DR R BRI DA L S S I | - t,-t, production, t,—Zt,, t, -t}
ATLAS  Preliminary ® Data2012(V5=8TeV) = %aoo_— ' I . .' === Observed limit (+105ysy) = 450 = f — A — —
2 SM Background n O, CATLAS Prellmlnary » Y E L. === Observed limit (+1c5ysy)
Ldt=207fb" 3-lepton SR3LT B v - E?“P A Expected limit (10, o 4002 ATLAS Preliminary Expected limit (+10,,)
| B 400 T e xpected limit (16,
(] pivoson 700_—I Ldt=20.7 fo", \s=8 TeV ATLAS 2.0 6", y5=7 TeV ol N ’
10 [ Fake-lepton 3 r Al lmits at 95% CL 3500 I Ldt=20.71fb" \s=8 Tey | Allimits at 85% CL |
Y ST A ("L‘7=500 GeV, mi=20 GeV)E 600_— } E E m{‘ _ mio+ 180 GeV i E
Tl eeeees ] - . 3001~ =
""" 500 - E .
1 — o ] 2501~ .
_______ - - - E S E
] 400 E 200~ B =
. F . F o ]
o 3001 - 150 b -
: 200F - 1001 E
- R 3 C ] C ]
E ; L ? L I 1 n 3 100 I PRI 111 | | - | | | ‘ 1 \7 50? & s t
0 50 100 150 200 250 200 300 400 500 600 700 800 B v v v o by ooy | AR )y 0 T
ET™ [GeV] m. [GeV] 300 400 500 600 700
ATLAS-CONF-2013-025 ATLAS-CONF-2013-025 E

ATLAS-CONF-2013-025 ™[V
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21 fb'@ 8 TeV

arias.conraoizss ATLAS Direct EWKino search (3lep)

4+ Sensitive to associated production of

XExs — x50

4+ decay can proceed either via slepton or bosons
(only W,Z considered in the simplified model)

4+ looking for 3-lep + Er™ss final state

4+ Main background:
4+ reducible (fakes) : tt, Wt, WW, Z/W+jetly
4+ irreducible: di- and tri- boson, tt+W/Z

6 SR (targetting different neutralino decays):

3 Z-depleted (Z off-shell or slepton decay) 3
3 Z-enriched (Z on-shell decay) £ 250
4+ Selection based on y

+ m(ll), b-veto, mr, Ex™iss,

100

50

T[S rrrrprrrrprorors

a0 i L1 Al 1
150 200 250 300 400

P T
200 500

100 350 300 400 - 700
mi; % [GeV] mx; % [GeV]
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> - T T T - > F T T T T
o - . — o E .
o [ ATLAS Preliminar -*-Data O L ATLAS Preliminar - Data
o y o 10 y
® 2l 7 Total SM _ o E 7 Total SM
£ F vs=8Tev dei=20.7fb" o Reducible 2 oL ve-eTev _[L dt=20.71b" o educible
b ‘ [ Tribosons & E [ Tribosons
F = E !
10 SRZc ..%ng via WZ 250, 0 — 10k SRnoZc --%ng via slep 500, 0
IS sz 27777 i e E
E 1
s = E
2 °F V) :
F15E % SE
1E E
o5F 05
E & £ 7
0 100 150 200 - 25 0 50 100 150 200 250
ET [GeV] ET [GeV]
T R A < 600 R R R R
P ] [} L P ]
ATLAS Preliminary === Observed limit (+1652") ] (3, [ ATLAS Preliminary === Observed limit (+165*%") ]|
J Ldt=20.7f5", \s=8 TeV -==-~ Bxpected imit (+10,) | I 500 [ J Ldt=20.7 5", \s=8 TeV ===== Expected limit (+10,,) ]
=0 () 50 5() =0 . B FoSeo o~~~ 4 B
XWX 2K, ATLAS 13.0 b, \s =8 TeV | B o A R CRON N TN ATLAS 13.0 b, \s =8 TeV |
m:=m ) All limits at 95% CL ] r —lv ifl I(v V)i? All limits at 95% CL 7
1 %, _ 400 — mﬂ=(mi"+miﬂ)/2 " _
N L om.=m.' ‘ N
Iy ((\«’ 42((\{\ g T ‘ K K o 7
S g S ] C y
s A 4 300 - 4
((\'\w © . - - -
— 200 — —
y - i ; 100 H ;
ol _ . ik
600



Events / 25 GeV

ATLAS-C

128 fb"'@ 8 TeV

ONF-2012-165

ATLAS Direct Sbottom search

Data / SM

b~1b~1 — (biZ?)(bfc?)

with different kinematics driven by:

Am =

My, =gy

* Main backgrounds:

* Sensitive to direct sbottom pair production

* tt, W+HF Z(—vv)+HF, QCD multijet
* tt+W/Z, tt+bb

ATLAS Preliminary
J Ldt=12.8 fb", \s=8 TeV

SR1

e Data2012
95555 SM Total
[ multijets
[ top production
[ others

[ W production

duction
L m_) = (600,1) GeV
X|

1 IlIlLI.Il 1 IIIIIII‘ Ll

E

550

_—
7 77
10" % / //
oF T T LI T T W/ 91 ]
=, .7 Q .
1 %?/////7&#&),%1///}%
G e«
950 200 250 300 350 400 450 500
Mgy [GeV]

ATLAS-CONF-2012-165

[GeV]

m_

700

3= 600

500

400

300

200

100

0
100

51-51 production, 51—> b%?

Selection based on lepton veto, Et™ss, b-tagging,
Er™ss/mef, mcT, Hr

mér(vl,v2) = (Er(vl) + Er(v2))® - (pr(vl) — pr(v2))?

mcT in bounded from above by

2/7\ 2270
MéiTAX _m (b) —m*(x7)

L [T I
E ATLAS Preliminary

_[ Ldt=12.81b" \s=8 TeV

||l||lll||[llllllllllllll

""""""" Observed limit (+1og-c")

Expected limit (£16,,,)
All limits at 95% CL

I CDF 265 b’

[ I pos2ib!

------- ATLAS 2.05 fb", \s=7 TeV
ATLAS 4.7 fo!, \s=7 TeV

200

400

606 700
mg1 [GeV]

500

ATLAS-CONF-2012-165

m(D)

no excess observed —limits

Simplified model scenario:

m(xV) < 150 GeV m(by) > 620 GeV

m(by) ~ 550 GeV  m(x}) > 320 GeV
m(by) < 300 GeV' Am(b,xY) < 40 GeV

wpdate to 21 b ongoing

G. Gaudio M. Pierini- VI Workshop Italiano sulla Fisica p-p a LHC - May 8-10th, 2013
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Analysis Deftalls
CMS



NAULTI(B)) ET+HNAET sus-12-024

Kinematic plane

QNS
regions in slices of
I btag multiplicity
.... Bln HT (GeV) ETmiSS (GeV)
1 400-500 125-150
(HT1) (MET1)
I 2 500-800 150-250
(HT2) (MET2)
(HT3) (MET3)
1btag

4 > 1000 > 350
(HT4) (MET4)

28



NAULTI(B)) ET+HNAET sus-12-024

ZL = Zero Lepton; SL = Single Lepton; LDP = low Afﬁmm; Zee=17- e*e; | Zmm =17 uy;
signal sample top & W+jets control QCD control Z to vv control Z to vv control
sample sample sample sample
<{$mmm ()CD
Bkg predicted from data control samples x scal Wjets, tt+jets
factors, bin by bin in 3D space (HT vs MET vs Z % i
btag) Npec= 1
Zee Zmm
Loose Ig
b-jet = >
taggin 2
gg g Nb-jet=2 >°<|~
7S axis 7S axis

Signal contamination in SL reduced with mT cut
and taken into account when not negligible
Other control samples defined signal free

Nb-jet 23
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€ ) NMULTI(B)) ET+NAET sus-12-024

expected observed yield in

background in control sample
bin ijk

overall normalization (unconstrained nuisance)
CMS Preliminary, L =19.4 b, (s =8 TeV “Fulft -=Data

B Nlb_jetl=2, IME':'4 . Nlb_jetIzS,IME':'Z 50 Nlb_jetIzS,IME':'B £ 20 Nlb_jetlzs, IME':'4
%’100 .......................... éSSO ......................... % Y] S % ST | EE— ] Data agree
G>) G>J g 40_ ................. G>) 16_ ........................ ] -
16 most w 80~ 800 g 35L... ‘L _____________ S 17| S ] Wlth
e & 250 ] 30F- b 12F ] 3 .
sensitive - T """""""" | ] bl | _ predlchon
bins A0 oo fzjrffffffffﬁ: zj( No evidence
b _
shown z=y-%% _| o "™ e i for excess
T+ 5_ ............ # 2_ ............ + 4
“Teer ‘trer "creer Yfred



Other



o1: Rejecting QCD

>

Randall & TucI<er-Smith

g :\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\\\\
8 f
S, p
=10%: det=1.1fb,\J§=7Tev
§ « Data
w13 N Standard Model
—— QCD MultiJet
— tt, W, Z + Jets
10 || '
10
43
107F, 1
0 02 04 06 08 1

- After Ot cut the signal looks similar to
bkg in &t

- another variable needs to be used to
characterize the signal

- Back to the “classic” paradigm”:
signal as a tail on Ht used by CMS

xT

ETjet2

ETjet2

Mr \/ <212:1 ETjeti)z _ <212:1 ijeti

)2 - (212:1 4

jet;
y

.

_—

- &1 = 0.5 for perfectly balanced dijet events

- 0(7<0.5 for dijet + mismeasurements

- EW main bkg after ot cut

- QCD events could leak to &7>0.5 because of
detector effects (rare)

- large fraction of signal events removed
(efficiency vs purity)

32

counts / bin

3
U+“ B

10?

CMS Preliminary 2011

1.1 fb!

Vs=7TeV

107

T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T
—e— Data (hadronic sample)

SM (QCD

------- Z—>vvV

——— LM6 (LO)

+ EWK)

EWK (tf + W + Z—>v¥)

C

s, |

P IR
300

e .
500 600 700

400

800




o1: BKG Estimate

® EW bkg is estimated using the Rot (*) ratio

R(XT o NocT>9/N0cT<9

® This is computed scaling the pt of the jets with the HT threshold, to event
topology

® The ratio is found to be compatible with the flat hypothesis within the available
data and SM MC statistics

M, |

-3 -3
o e ——————— . . 0440

[ CMS preliminary 2011 fL dt=1.1fb"Vs=7Tev o [ cMS simulation 2011 fL dt=0.41b"\Ns=7TeV

0.09F 0.09F

0.08; O SM+LM4 = 0.08 = @ SM (nominal) =
E SM+LM6 E E UV W (+15%) E
0.07= O sm = 0.07F A W(-15%) =

-
3

o

I @ Data V Z—vv (+15%)

0.06 = 0.06 A Z—vv (-15%) =

E 7] E V tt (+15%) 3
0.05 — 0.05F A tt(-15%) —

C . C t (+15%) .
0.04F = 0.04 / t(15%) =
0.03[ & 0.03F =

- —Q— E -
0.02 —O— = 0.02f
0.01 W":#: = 0.01 e

E | | | = E

o b L TP 0
400 600 800
H. (GeV)

® This is used to predict the bkg expected in each bin of HT. Then a fit to the HT
shape is used

(*) Number of EW events with &T>0 / number of3QCD events with xT<0



The Razor

a The Pro&o&w&e process Ls | |
squo\ﬂfﬂsqua\rk’ - \U + 2 LSP Squ&r‘f T’QS% ; roamwe s

o If we could pub the
squarks in their rest
frames, we would see two
Jest with same |p]

We observe the jets in the
lab frame, boosted by
relakive squark momentum
and Par&oms boost

y We would Like ko undo the
two boosts >




The Koazor

® In reality, the best we can do is to compensate the missing
degrees of freedom with assumptions on the boost direction

- The parton boost is forced to be

Llongitudinal RAZOR
: CONDITION

IPRjil= IPRi2l

- The squark boost in the CM frame
is assumed ko be Eransverse

® We require that the two jets
have the same momentum
after the transformation, and
we solve for the boost

The transformed momentum
ci@fi,hes the Mg variable

386



The Koazor

@ Mg is boost nvariant, even if
defined from 3D momenta

@ No information on the MET is used

| . . . i E«.E««.«.E-E:.E:E-Eéiaaaaha-.x-.x-.
@ Tha F‘)QQ‘{ C)nf &he Mr{ dbs&rbbu&bam 200 400 600  8h 1000 1200 1400 00 1800 2000
provides an estimate of Ma

@ Mar could be also estimated as
“EdSQ” O‘F MTQ

® MR is defined using kransverse
quam&&i&s and ik is MET-related

@ The Razor (aka R) is defined as
the ratio of the two variables
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SUSY Search As a Bum[z? Hunting

& m_ = 1150 GeV, m_= 900 GeV ’ m; = 1150 GeV, m, = 900 GeV

x1

“m_ = 1150 GeV, m_ =750 GeV e & mg = 1150 GeV, m_ =750 GeV
q Hes ) 3

xR

& m, = 1100 GeV, m_ = 500 GeV 07g B m, = 1100 GeV, m_ = 500 GeV
B | &

i

0 m_ = 1150 GeV, m_= 50 GeV ) i my=1150 GeV, m_= 50 GeV

xR

~~ ~0 ~O 3 s ~ ~
GIRACEACEY I g9 — (agx9)(a9x?)

- C sl g 1 ol e : 1
00 2000 2500 1000 2000 2500
M, [GeV]

8 mg = 1150 GeV, m_= 900 GeV

=1150 GeV, m, = 750 GeV

a 'Pea\wms siguat at Mg ™~ Ma 48 m, = 1100 GeV.m_ = 500 Gev
(ciisccverj and characterization) ool T = 1150 Gevm, =50 Gev
- R? is determined bj the |
%cw?wi.ogv, but not changes too

nuch vs par&d& masses
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Cut & Count Approach

t1 — txY

~*?
~

~*
~-

The contransverse mass (MCT) and stransverse mass
(MT2) show end points at approximately:

— Top

m>wy -m2(v)y =L 400-350-10

MUAX (1, 1) = T4 m)(W) W) _ 0.4Gev |
m2(t) — m?(W - "
M%AX (b17 62) — ( )m(t) ( ) — 135.0G6V " »
In stop decay one has two invisible particles among the S
o |||” ! ! ! L5t ]
— upstream particles and two among the downstream — e T -

particles. Both classes of particles are summed up in MET MCT( ) (GeV)



P Pralavorio, SUSY 2012 EXclusion Limit

O Exclusion limits : a new standard ATLAS/CMS procedure (>June 2012)

= Ease the life of theorist by separating the signal theoritical and experimental systematics

2

Observed limit:

=Central value: Idem as for expected limit 200

G-g production, g— ﬂ’f(f
L = AEEEENEEEER R — R
. . ® 600 i —_— Observed limit (+1 ommy)
ExpeCted Ilmlt' %,; g ATLAS Examp|e _____ Expectedlimit(ﬂo.xp)
=Central value: all uncertainties included in the fit as nuisance = syl fL dt=471 Va7 Tey | AlIm &S CL,
parameters, except theoretical signal uncertainties (PDF,scales) i "
=+10 band : +10 results of the fit 400 [
.......... ol

=+10 band : re-run and increase/decrease the signal cross
section by the theoretical signal uncertainties (PDF, scales)

Numbers give 95% CL_ excluded model cross sections [fb]

100

II[IIIIIIIIIIIIII[IIII

5(I)0' I 600 I 900 I1000
Excluded Model Cross section (SMS) <« my [GeV]

= Number quoted in paper correspond to observed -1 ¢ observed (conservative)
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Summary ATLAS searches

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: March 26, 201

MSUGRA/CMSSM : 0 lep +'s + E s G-gmass . | '
MSUGRA/CMSSM : 1 lep +j's + E G =g mass
» Pheno model : 0 lep + j's + E ;:Z gmass  (m@ <2Tev, light) ATLAS
%’ Pheno model : 0 lep +j's + E s gmass (m@) <2TeV, Ilghtx ) Preliminary
S Gluino med. %" (§—qTx) : 1lep +j's + E gmass  (m)) <200 GeV, (") ém()} )+m(@))
8 GMSB (INLSP) : 2Iep (OS) +|'s + E ., gmass  (ens<15)
o GMSE gM I(_bSP) N1|_82 I'Dc)+ I's + E Tmiss | L7207 10", 8 TeV [1210.1314] 1.40Tev. § mass , (tang > 18)
@ ino Yy + gmass (mE)>50Gev,
3 GGM (wino NLSP) -y + lep + E-™ Gmass (mfr,)> %0 Gev) f Ldt = (4.4 - 20.7) b
£ GGM (higgsino-bino NLSP) :y +b + ET: gmass  (m6)>220Gev) (5 < Tov
GGM (higgsino NLSP) : Z + jets + E e Gmass (i »200cev s=7,8Te
avitino P : 'monoiet' ale m(G) > 10" ev)
3 —bl Olep+3bjs+E, . g mass (m& <200 GeV)
§ § _% gett)? 2b§xé -lep +p 0-3b- )i 's+E : :: L=20.7 b", 8 TeV [ATLAS-CONF-2013-007] 900GeV. § mass  (any m()"( 8TeV, all 2012 data
°3 8 5_)‘%__ 0 lep + multi-j's + ET miss g mass (M, ) <300 GeV) _
SR Gt :0lep + b +Ep - Gmass  (me)<200Gev)
BB, b —>bi" 1 0lep + 2-bjets + E .. bmass  (mG)< 120 Gev) 7TV, all 2011 data |
5\3 E bb B _>t§'( 2 éS -lep + (0-3b-)j's + E Tmiss | £=297 fb", 8 TeV [ATLAS-CONF-2013-007] - 430 Ge\g b mass (mG;) 2m(;z
g = tt (Ilght) t—>t3x 1/2 lep (+ b-jet) + ET miss tmass  (m(x,)=55Gev) A
g 3 T (medium), t—>bx1 1lep+b-jet+E, . |L=207 1", 8TeV [ATLAS-CONF-2013-07] 160-410Gev t mass (m()‘(1) 0 GeV, m(y;) = 150 GeV)
c g T (medlum%, t—>bx :21ep + E e | L=13.0", 8 TeV [ATLAS-CONF-2012-167] EoEeies t mass (m(;‘( -0GeV, m(t -m(z) =10 GeV)
S5 T (heavy), t—>tx 1 Iep +b-jet + E, . |L=2071b",8TeV [ATLAS-CONF-2013-037] 200-610Gev. t mass m(f(
s @ T (heavy), t-’tX 0 Iep + 6(2b-)jets + E Tmiss | L=20:5 18", 8 TeV [ATLAS-CONF-2013-024] 320-660Gev  t mass (m(fc
® T 1t (natural GMSB) Z(—ll) + b-jet + E T miss L=20.7 fb”, 8 TeV [ATLAS-CONF-2013-025] 500Gev | tmass  (m()>150 GeV)
_____________ T LT+ Z(—=l + 1_|_e_p +hjet+E . |L=207m" 8 Tev [aTLAS-CONF-2013-025) 520 GeV t mass  (m(i) = m@) + 180 Gev)
| 5 I—>b~( 12lep + Eq g, | L=47 177 Tev [1208.2884) | 85-195GeV Tmass (m()‘(
B 7‘;&: "4—>Iv(|v} 2lep +E i |L=4710"7Tev [1208.2884] . 110-340GeV x mass (m(;'g <10 GeV, m(iv) = gm(ij) +m6<;)))
W 9L :X —=Tv (V) 12t + Tmiss | =207 16", 8 TeV [ATLAS-CONF-2013-026] 180-330 GeV X mass (m(;‘( )< 10 GeV, @) = (m(7,) + m(z,))
° ')Z")ZO — | vI | VVS Ivl IVv):3lep+E . L=20.7 b, 8 TeV [ATLAS-CONF-2013-035] soo Gev. % mass m(;‘( )= m(>‘< ) m(;z =0, m(iv) as above)
750 W "OZ W20 3o + E mes L=20.7 b, 8 TeV [ATLAS-CONF-2013-035] 315Gev. . mass 1(m()'( =m@), m@’) = 0, sleptons decoupled)
S Direc x1 palr prod. (AN § :long- |vex %, ma (1<) <10ns) _
_S 3 Stable @, R- hadrons low B, By g mass
oSS GMSB, stable T : low p i Tmass  (s<tanp<20
§8 GMSB, % °—G : non-pointing photons %, Mass  (04<t(i;) <2ns)
I %, = qqu_(ﬁl?_\(). : 1 + heavy displaced vertex Gmass (1 mm<or<1m3 decoupled)
LFV: pp—>v +X,V,—e+u resonance v, Mmass  (i,=0.10,,.,=0.05)
LFV : pp—V_ +X,v.—e(u)+t resonance v, mass (23,2010, 4, . =0.05)
N B|I|near RPV CMSSM 1lep+7j's+Eq s G=gmass (et <1mm)
& X, Xu~1 W2§1 X —eeveuv i4lep+E; . [L=2071", 8 TeV [ATLAS-CONF-2013-036] . T60Gev % mass (m(z3) > 300 GeV,,, >0)
Ahp o %, —>rw erv :3lep+1t+E Tmigs | L2207 1", 8 TeV [ATLAS-CONF-2013-036] 350Gev. % Mass . (m(z;) > 80 GeV, ., >0)
—  3-jet resonance pair g mass
§—>tt t—>bsg 2 Squ cIlep +J (0-3b-)j's + E P ) L=20.7 fb", 8 TeV [ATLAS-CONF-2013-007] 880GeV. g Mass (any mft)
-------------------- -S-c'él-a'r%ljc-)h- 2. jéf resonance pafF' L=4.61b", 7 TeV [1210.4826] [Ho0287Gev  sgluon mass (incl. limit from 1110.2693)
WIMP interaction (DS, Dirac y) : 'monojet' + £ M* ﬁcale (m, <80 GeV, imitof <687 GeVforD3) |
| | 11 1 11 | | | 11 1 11 | | | 11 1 11 |

— 10 1 10

*Only a selection of the available mass limits on new states or phenomena shown. Mass scale [TeV]
All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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Sparticle spectrum

Chiral supermultiplet

NAMES SPIN GAUGE MASS
EIGENSTATES EIGENSTATES
Neutralinos 172 B W' H',H® P 20 2
Charginos 1/2 W*,ﬁ;,f]; Xk

Names Spin O Spin %
Squarks,quarks g “< 4, ) ("Lqu .)
of e U, ®
(x 3 families) = 7 -
Sleptons,leptons | L @ e o e,)
(x 3 families) e e e’
i o H, | (a; wm)| (@; @)
Higgs, higgsinos a | (e ) (FI;’ ﬁ;)

Gauge supermultiplet

Names Spin % Spin 1
Gluino, gluons g g
Winos, W bosons | W= ° w*w’
Bino, B boson B° B°

G. Gaudio M. Pierini- VI Workshop Italiano sulla Fisica p-p a LHC - May 8-10th, 2013

41



