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EXECUTIVE SUMMARY

We haven’t found it.




EXECUTIVE SUMMARY

We haven’t found it.

Let me elaborate on that...
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OVERVIEW

10

Searches for R-parity conserving SUSY, based on
EMISS final states c,,[pbl: pp — SUSY
VS =8TeV

% squark and gluinos

qs
% direct stop and sbottom N

qq
% direct electroweak production
RPV searches, based on high multiplicities (jets
or leptons) or resonances (jetjet, jet-lepton, di- o0 g e e o0 e Taes 1o
lepton) M, e [GEV]

Long lived particle searches (could be RPC or
RPV), requiring specialised techniques (re-
tracking, time-of-flight, dEdx, etc.)




A TYPICAL ATLAS SUSY SEARCH

S | arXivir4ro.1280
SR1 [NfSR2
% Signal selection (signal region SR) targeting a E
specific SUSY production/decay mode VERE@
\\ |
¢ Background estimate: CR2Z === : .
-@R3 |VR3
. . . CRL| :
% Irreducible backgrounds estimated using contro/ -

region (CR) data as a constraint and MC to observable 1

extrapolate from CR to SR in a likelihood fit

IATLJ‘\ S I I I I I I
Vs=8 TeV, 20.1 fb”’

N W

—

% Reducible background (fake/non isolated leptons,
EtMiss from jet mismeasurement) from data.

1
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(nobs - npred) / Otot
o
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% Use only well modelled variable in CR => SR S egs bR g3 S s Mg S
: P : =g =3 52238335 525 3¢ 5 2
extrapolations ! Validation regions (VR) used to £3 T g3 £3837 25388 23
g 8% 38 24 34T %8 5o
check the assumptions in the background 3T © = ST o= 2 9 5 ®
= - ST ® =

estimate and the CR => SR variable modelling.

example: validation region results of the soft lepton selection

~f arXiv:1501.03555
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INTERPRETATION OF RESULTS

% Search optimized on simplified models (single production and decay mode) but interpreted for more
general cases: simplified models with 2 decay modes as a function of the BR, MSSM 2D slices, constrained
models (mSUGRA, NUHM, GMSB,; ...), 19-D scan of pMSSM (NEW!)

¢ A major effort has been done to assess how general our limits really are. I will discuss this in detail. Is SUSY

hiding in
¢ Compressed mass spectra ?
¢ RPYV decays in fully hadronic final states ?
% Multiple and/or long decay chains the analysis is not optimised for ?

¢ We also encourage reinterpretation of our results, providing model independent limits on Ngsum for each SR,
and additional information on HEPdata (cutflows, efficiency and acceptance maps for benchmark signal grids,
1D distributions)

Links to paper, figures, auxiliary material and HEP data can all be found from the public ATLAS SUSY page :
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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GLUINOS

More details in the parallel session talks of A. Kastanas and Y. Minami

gg productlon g— tt(* ) X (t) >> m(g), including up to five-

DIFFICULT TO HI

GGM: higgsino-like neutralino, u<0
1 1 | T 1

; _| T T 71 | L B | UL | UL | UL | T 1T | T P ;‘ : ' ' | ' ' ' | N . . SUSY
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% A summary of the ATLAS limits to squarks and gluino is presented in arXiv:1507.05525, not

including the photon channels which are in arXiv:1507.05493

% For light LSP (small mg-mysp) gluino limits between 1150 and 1340 GeV (around 600 GeV).

% Limits on fully hadronic RPV decays (arXiv:1502.05686) still between 600 and 950 GeV.

* It’s hard to hide a gluino ! (colour octet, high cross section)
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SQUARKS - NOT SO DIFFICULT

Direct cc* c—>cX1 , smgle ¢ state

500 T [ T T T T T I T b
%' | == Observed Limit ilafh‘éf,\y() S p . flavour hght N1 small AM
O, | ---- Expected Limit (+1o50) éb‘bb S - /
A0 1 g/5— oL + 26 Jets ]5,3; ~ sul 470 GeV 240 GeV
S - Monojet f 5 S < )ch) t | |
300 vs = 8TeV, 20.3 b & p el 540 GeV 2L ie GeV
I ATLAS c
. ] sbottom 620 GeV 240 GeV
200 - ‘ '
— stop 700 GeV 240 GeV
100 | Limits on single squark, qN1 decay.
0_ I A T T N T T T SN S MO N AN ' I: ! -| | ! |

0 100 200 300 400 500 600

m; [GeV]
% Limits for 8-fold mass degeneracy, light stable LSP, and simple decay are 600-900 GeV.

% Relax these conditions, and limits get a lot weaker - a 200 GeV squark might be allowed !

% A squark mass-degenerate with the LSP is excluded up to about 240 (430) GeV for 1 (8-fold)
mass degeneracy, with little dependence on flavour and decay mode, by the mono jet search
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MANY LIMITS - AND ONE HINT ?

ar X1v:15§03.03290

% Search for a Z boson (ee or pp), jets (Hr > 600 GeV), ErMiss > 225 GeV
©  Main backgrounds flavour symmetric, estimated from ep data

% A combined (ee+up) excess of 3.0 sigma over SM observed. At least 14 phone papers
on this on the archive.

% Looking forward to runz results, but don’t be too excited ! We have 180 SR in runr
(0.5 three-o excesses expected, one is observed), no excess in CMS Z+MET (cuts are
different though) and in o-lepton channel (need some model tuning).

Channel SR-7 same-flavour g2 E 7 7 Amas ] o =

combined @ . _g \o=B eV, 20.310 E ;i\jc:ujr;;/mmetricg_

— Z-mass side band | Z-mass window [[] Other Backgrounds 3

Observed events 29 L % 77 Total SM 3

Expected background events 10.6 £ 3.2 " - ﬂ_wjm%

Flavour-symmetric backgrounds 6.0 & 2.6 ?‘_h _\_l_l_l_hli—'_:

Z/~* + jets (jet-smearing) 0.07 £ 0.05 i :::e:;:::’:::::::i:::::::’:::::::’:::::::Et:::::f:::::::é

Rare top 0.35£0.12 , - r i _—-..._‘m—

WZ/ZZ diboson 29+1.0 P O SO S e O S SO
Fake leptons 13417 o e ™ e

J




THIRD G

CNERATION SEARCHES

A light stop (and sbottom) are well motivated by naturalness. Thus, ATLAS has a program of dedicated

searches for these.

Main differences with inclusive squark searches : b-tagging, dedicated top candidate reconstruction (for some
channels), softer cuts on jets and ETMiss (we assume a single mass eigenstate produced in s-channel while
inclusive searches are optimised for 8-fold mass degeneracy)

scharm PRL 114, 161801 arXiv:1§01.0132§
sbottom JHEP 1310, 189 arXiv:1308.2631
stop oL JHEP 1409, 015 ar Xiv:1406.1122
stop 1L JHEP 1411, 118 arXiv:1407.0583
stop 2L JHEP 1406, 124 arXiv:1403.4853
stop to charm PRD 90, 052008 arXiv:1407.0608

REW  scop stau

coming soon

stop2/gmsb (Z+jets+MET)

EPJC 74, 2883

ar X1v:1403.5222

@ summary paper

submitted to EPJC

arXiv:1506.08616
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STOP, DIRECT .

JECAY TO LSP

tt, production, > b f P % /> ¢ ¥,/ t> Wb E. /1>t %,

;‘ 450 1 | L | | | | | L | L | T
8 - ATLAS Vs=8 TeV, 20 fb”
=, - ot ZZ tOL/t1L combined
G 400 mmioy toL, SC
- - EETSWOIbIFY  Ww
- EEt Wby t1L, t2L
30 oy Toe v tc 0 . :
[ EEiobify tc, t1L 170 180 190 200 210
300 m; [GeV]
— = Observed limits ===- Expected limits All limits at 95% CL ]
250 h _:
200 _:
150 ——
100 L —
t .
50 —
Il @ 4
0 , I R L Lig 1]
200 300 400 500 600 700 800
arXiv:1506.08616 m;, [GeV]

Combination of o+1L channels,
improves heavy stop sensitivity
by 50 GeV

ttbar spin correlation and cross
section reinterpretation

soft lepton, charm tagging,
monojet, covering the 4-body
and charm LSP decays
“WW-like stop” 2L+MET
analysis covering gap between 3-

body and 4-body

Even in this simple scenario, stop mass
down to 200 GeV are possible for
compressed mass spectra
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STOP - MORE POSSIBILITIES

[GeV]

M_o
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BRE, — Z1) % Non-100% branching ratios, pMSSM slices (more examples: paper and
2 1 5 °
@ 1 my =500 GeV parallel session talk of P. Butti)
Mp=120GeY & No great loss of sensitivity even if most analyses not optimised on these
scenarios.
% Dedicated search for stop decaying through stau to tvb G

ATLAS (s=8TeV, 200"

;252 production, ?2 - Zi, hL, ti?
Am(E, . 7;) = 180 GeV, T, - {7,

- Observed t2t1Z = = = Expected t2t1Z

1

0 ~ ~0 - Observed t2t1h = = = Expected t2t1h
D Observed tO/t1L comb. ™= = = Expected t0/t1L comb.

Z \




CLECTROW.

CAK PRO

JUCTION
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I
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;‘ T T 1 | T T 1 | T T 1 | T T 1 | 1T T 1 | 1T T 1 | 1T T 1 I;
[0)) L XA via WW 21, arXiv:1403.5294 - - - . Expected limits _| T
O, 250 —— Observed limits | O
o T XX via WZ 21431, arXiv:1403.5294 All limits at 95% CL 1~
X - via Wh Ibb+lyy+I"F+3l, arXiv:1501.07110 . ciXF
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150— —
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m | | I I | " i B | I I | | I I | :l 1 1Bl 1 |
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m(%, 72 ) [GeV]

0 0 +
M, or u X2 X3 X1
W,Z,H
0
M, Xi
ATLAS Preliminary 20.3fb7,  [s=8 TeV
600 T T 1 | 1T T 1 | 1T T 1 | 1T T 1 | T T 1 | T T 1 | T T
XXy ——via /¥ 2I, arXiv:1403.5294 - - - . Expected limits _|
——via T/ SR2l-1 — Observed limits
500 ——via T/V, =2r, arXiv:1407.0350 All limits at 85% CL —
Y Xo — via T/¥ SS MVA + 3 soft/ISR + 3| Mz 5= 08Mz+mz) ]
via T /v, 2t+3l n
400 ) —

L

| ]
II|IIII|II.'II|IIII!IIII|Irll

200 300 400 500 605) . 700
m( % 7o 7o) [GeV]

% No limit if only EWKinos with 0.2 < AM < 30 GeV without intermediate sleptons (u << M1,M2).
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ELECTROWEAK PRODUCTION SUMMARY
PAPER
See the talk of Christophe Bock for all details

v/l
Slmpllfled Model: 7 7 =2 x v (¥) = 2 x IV, g/l/
% 450 FF ATL A S Prellmlnal‘y::'::::: : Observed limit (+1 c‘,fhgg;) <
S 400 - Vs=8Tev,2031f0" =777 Expected limit (+104,) m e )2(1)
3 : m_ _(m smag2 T Observed limit 21, ]
€ arXiv:1403.5294 E
350 - 5ol ] /
All limits at 95% CL B o
300 f e S <‘ X4
250% o @ é / / v
C CON ]
2000 7 1 v/l
Ry 1 © A new search with 2 hadronic taus and a MVA discriminant, targeting direct
100" E 2
4By’ : stau production
50 .y E
0 Loy I .
100 150 200 250 300 350 400 450 500 550
- \Y 2 . .
"1 & New searches with 2 OS, 2 SS, or 3 soft leptons, targeting C1Cr or CIN2
810 Eatias ey om | Zrmenrd  With compressed spectra.
@ . o[ Vs=8Tev,20.1fb" [ multijet [l Top quark -
%10 E Z+jets [ diboson '
= u Wijets 1 . . 0 i ‘
Tt HMVAL "“f;"‘zf““"g'@? © A new search with 2 SS leptons, two VBF jets, and EtMiss| targeting C1C1
10°F 4 with compressed spectra.
: SR
10°F E
10 | e 4 ® statistical combinations of different analyses
b _
ol4r ‘,/.//., ‘ ‘ ‘ i e
S1.2F 777777 N : : ; ¢
§0;: ----- 2z ; yetmearmacecyibg © 0 ¢ New interpretations (dependence on intermediate slepton mass, pMSSM,

06 08 06 04 02 0 ‘4/62// : GMSB, and NUHM llmltS)

BDT Score
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SO HOW WELL IS SUSY ?

mass (GeV) 100 200 400 600 800 1000 1200 1400 1600

gluino
(heavy squarks)

light squark F § degenerate states
(heavy gluino) I state
R

[
|
[
l
l
|
(
l
|

mCr=mN2

!
. difficult to evade limits limits dependent on assumptions no constraint
Fine tuning | < 10 Fine tuning bars based on formulas from arXiv:1110.6926 with m(tr)=m(t2), xt=o0,

20m% mmmsmm 10-100 tan [} large, A =103 TeV. Use with care - other calculations proposed, possible

= m; mmmmmm >100 dependence on the fundamental parameters of SUSY breaking.

Much more constrained than before LHC runi, but plenty of room for light (low FT) SUSY
Beside, the above is valid for simplified models in the standard scenario. But

% Are simplified model limits realistic ? What if competing decays, complex spectra

% Beyond the standard scenario: RPV, long lived particles, beyond MSSM

=> next slides
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PMSoM SUMMARY PAPER

(COMING SOON)

O-lepton + 2-6 jets + EX'SS
O-lepton + 7-10 jets + ESS

Interpreted in the general [19-paraméter] pMSSM

- “phenomenological” MSSM 2| i-tepton + jets + £mis

- R-parity conserving B w(e/0) + jets + EMSS

« Neutralino LSP ‘_é SS/3-leptons + jets + E%“SS
Random sampling of the parameters (with sparticle masses up to 4 TeV) 0/1-lepton + 3b-jets + E™*

500 million models sampled T (V) S —
Apply prior experimental constraints: < ?::2322 :tzg

EW precision measurements £ 2-1eptons stop

Mass bounds e.g. from LEP, Tevatron 2| Monojet stop

QLSP < QPlanck & Stop with Z boson
Consider carefully the remainder | 2b-jets + Epis

310,327 : models before Run-1 b+ Ep™. stop

30 billion : signal events generated

2-leptons

44,559 : models required detector simulation 2_f prom
600 million : signal events thru GEANT 3-leptons
Present exclusion (fraction of models) in 2D or 1D projections. 4-leptons

DisaEEaring Track

Long-lived particles

Interpret with care, some dependence on constraints and scan range

Other Electroweak

Following the approach of “SUSY without prejudice”, arXiv:0812.0980 HIA > T

Only a preview/overview given here, more detailed Evaluate limits from 22 separate
results in the parallel session talk of C. Wanatotaroj runi search papers
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GeV]

=20
m(y

= 1000

500

STRONG PRODUCTION

ATLAS Prellmlnary pMSSM LSP

. E_a TeV 20.3 fb‘
g— qqx1 [1405.7875]

—h

=
o

Fraction of Models Excluded

|
O
»

|
o
~

=
\V)

0

0 500 1000 1500 2000
m(g) [GeV]

% The fraction of models excluded
is drawn as a function of pair of
parameters

1. Limits from a simplified model
drawn for comparison. pMSSM

limits are not radically different !

All models with compressed

b2

gluino-neutralino spectra are
excluded up to about 600 GeV
by monojet analysis

3. For misp < 250 GeV, visible
effect from disappearing track

analysis killing wino LSP models.

f

!
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) [GeV]

=—

X

m(

OTHER EXAMPLE

LA

ATLAS Preliminary pMSSM: 5‘(? LSP

800

(s=8 TeV, 20.3 fb"

200

T R R
200 400 600 800 1000

m(t) [GeV]

Stop

o)

Fraction of Models Excluded

=
o

o
>

o
N

0

(o]
o
o

m(x,) [GeV]
(o))
3

400

200

ATLAS Preliminary pMSSM: 5’(? LSP

—

" Is=8 TeV, 20.3 fb™’
- —— b, — by, [1308.2631]

200

400

600
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o
(o4

o
o))

~
Fraction of Models Excluded

(o)}
o
o

m(x,) [GeV]

400

200

S

ATLAS Preliminary pMSSM: 5‘(? LSP

. 8 o
. Vs=8 TeV, 20.3 fb’

- —T— Iy, [1403.5294]

—

=
©

| Electroweak searches

200

Slepton

=
o))

o
o~

Fraction of Models Excluded

o
(V)

1
400

m({l) [GeV]
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Number of Models / 0.01

Frac. Excl.

Number of Models / 0.01

Frac. Excl.

108~

10°E

10*

10°k

T AR BT
0.5F
1 1 1 l 1 1 1 l 1 1 1 I 1 1
% 0.2 0.4 GeE g
BR(h — %,%)

102k

10¢

HIGGS AND DARK MATTER

— —————————
E . . ~0

- ATLAS Prelim. PMSSM: % LSP

| (s=8TeV,20.3f" [__] Before ATLAS Run 1
F(s=7Tev,4.59fo”" [l After ATLAS Run 1

B 95% CL limt [arXiv:1507.04548]

= m==  Observed

............... Expected

T T L B A
ATLAS Prelim, PMSSM: %, LSP

[s=8TeV,20.3fb" [__| Before ATLAS Run 1

I After ATLAS Run 1
Ié 95% CL limit [ATLAS-HIGG-2015-03]

E === === QObserved

lll 111111l

Bino
Higgsino

ATLAS Preliminary _
Before ATLAS Run 1 B Wino

10°
m(x,) [GeV]

The distribution of Hbb coupling and H to invisible BR is
compared to the measurements

Relic density vs neutralino mass shown before and after runz
atlas constraints (animation)
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Number of Models / 0.01

Frac. Excl.

Number of Models / 0.01

Frac. Excl.

HIGGS AND DARK MATTER

1OGE i i T T T T Y T
= ATLAS Prelim. PMSSM: % LSP
10° E_Ws =8TeV,20.3fb" [___| Before ATLAS Run 1
Es=7TeV, 459" [} After ATLAS Run 1
4 B 95% CL limt [arXiv:1507.04548]
10 :E === === QObserved
E """""""" Expected
10%E

102k

10¢

Bino
Kp , . .
g Higgsino

L s e pua ATLAS Preliminary 99
relim. " X 3

[s=8TeV, 20.63 fo' [_] Before ATLAS Run 1 7 After ATLAS Run 1 .Wan
103 B After ATLASRun1 |

E 95% CL limit [ATLAS-HIGG-2015-03] E 1 03
E === === Observed ] 0
m(z") [GeV]
% 'The distribution of Hbb coupling and H to invisible BR is

compared to the measurements

1: T T T | J J J R Ll-||_| g o I_l T H N 2 i 4
e I'll ¢ Relic density vs neutralino mass shown before and after runi1

T — atlas constraints (animation)
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LONG LIVED (SOPARTICLES

-

g R-hadron — g/qq ;”g:’ ;Mg = 100 GeV Status: June 2015 ~f[~ N T 7(‘1’[~\,“V°] Status: July 2015
— 2000 : : — 1000
% B Displaced vertices arXiv:1504.05162 - O - Expected limits E . Pixel dE/dx ArXiv:1506.05332 - o - Expected limits
g [ —— Jets_l_Errmss arXiv:1405.7875,ATLAS-CONF-2014-037 Observed limits D 900 = . . o
o 1 800 - Pixel dE/dx arXiv:1506.05332 o L. susY . T,_ N — Disappearing track arXiv:1310.3675 —&— Observed limits
S [ ® Stablecharged  arXiv:1411.6795 ?5 % CL "Tb'tf Gtheorzl_ n\(;t included zEx - 95% CL limits.
= = Stopped gluino  arXiv:1310.6584 8.4-203fb", \s=8 Te 800 e SMP (Full Detector) arXiv:1411.6795 SUSY s
:g 1600 & pped g arXiv ATLAS Preliminary S : i o ey Oiheory NOt iNcluded
L o : : = - imi ! ! ! :
o 1400 -® : : . - ATLAS Preliminary ! ! ! Y
g Ko} 2 600F : i i i
| I : @ 3 C 1 1 1 1
1200 1~ ¢ 500 [ e
1000 |- : 400 |- T
- | : T
- § 300 |- :
800 5 S . C ! '
[E: - i 5 - i T
o %) C ! ! 1 Q
600 [~ : : P =" C : P @
B glIllllll | IllIIlII; | llllllll | l.;lllllll ;l I:lllllll | llIIIIlI | Illlllll | l; 100 __1 | |||| l | | 1 1 1 I||| | ] !l L1 III| I | |! [ |§|(|D|
102 10 1 i 10; : 10 10° 10 10" 1 : 10 :
(r for n=0, By=1) Beampipe ilnner Detector Calo M T[ns]  (rform=0, By=1) : Inner Detector : Calo S MS i t[ns]
IIIIIII| | IIIIIII| | Iilllllll | Illllllli | IIiIIIII | IIIIIII| | IIIIIII| | IIIIIII| | | | | i| L1 |||| | | L 1] Illli 1 | I ' | Illi |
10° 102 10" 1 10 10° 10°  10° 102 10" 1 10
ct [m] ct [m]

Prompt decay, displaced vertices, dEdx/TOF searches provide robust limits on strongly interacting
particles over the full lifetime range.

Non pointing photons (1409.5542) not included in the plots
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R-PARITY VIOLATION

A systematic study of the sensitivity to RPV SUSY with LLE and LQD couplings

ATLAS-CONF-2015-018

LX)

~0
X1
PP — §3 - qai,aq, %, > ITv 1s=8TeV, 203 fb
All limits at 95% CL - m(¥;) / m(g) = 0.5

Gluino

1400

1350

1300

1250

1200

| I T
0O 02 04 06 08 1

ATLAS Preliminary

BR(tR)

?  best limits from RPC SS/
3L. and RPV 4L searches,
105§0-1400 GeV
depending on BR and
neutralino mass

Observed Mass Exclusion [GeV]

pp — 99 —>qqxqqx x —lvgqg 1s=8TeV,20.3fb"
All limits at 95% CL - m(x’) / m(@) = 0.5

o e 1240
T LQD Gluino 1220
08 4™1200
1180
1 41160
0-6 1140
1 11120
0.4 1100
1080
0.2 181060
{81040
0 01 02 03 04 05 1020

ATLAS Preliminary BR(7)

% Dbest limits from RPC oL.
and 1L searches,
900-1200 GeV
depending on BR and

2X ;
XN

neutralino mass

pp - 33 - W T —lvaq 1s=8TeV, 2031’
All limits at 95% CL m(z:’) /m(Q) = 0.5

LQ

1120
1100
1080
1060
1040
1020
1000
980

960

940

quark

BR(b)

Observed Mass Exclusion [GeV]

TR B MR R N
02 03 04 0.5

920

Observed Mass Exclusion [GeV]

0 0.1
ATLAS Preliminary BR(7)
¢  Dbest limits from RPC oL

and 1L searches, up to
1200 GeV, but no limit if
neutralino is light. Will
need a targeted search.
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R-PARITY VIOLATION, UDD
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% gluino UDD decays - limits between 600 and 950 GeV
from dedicated multi-jet analyses (1502.05686). Even
better limits if non-prompt decay, from displaced vertices

% stop decay to bs. 100 to 310 GeV limit using b-tagging
and large-R jet mass

% Both analysis data-driven, using innovative large-R jet
techniques to separate the signal from the QCD
background

¢ Not enough sensitivity for squark UDD decays in light
jets only (low energy constraints?)

RPV is not that stealthy, but requires a dedicated effort for
fully hadronic states. Some blind spots remain for squarks.
Trigger on multijet states not trivial as luminosity increases!
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General remarks
simplified model limits
pMSSM limits

long lived searches, RPV

run2 and beyond
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13 TEYV COLLISIONS

6 z
o : % Greatest gain from the collision
S 5 2 energy for heavy particles
:
3
Tt = © Early searches focus on high mass
S : . . :
- ; (i.e. strong production, high S/B).
g z
@ . - & Electroweak production, difficult
2 3 low-mass blind spots will require
E more luminosity
=l
I
>
9]

0

0 0.5 1 155 2 2:5 3 3.5 4
system mass [TeV] for 8.00 TeV, 20.00 fb!

Salam, Weiler http://cern.ch/collider-reach
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RUNZ2 ANALYSIS RESULTS
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% Plenty of detector performance and physics results (including charge particle multiplicity;
jet, W, Z, and top cross sections) see

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/Summer2o15-13TeV
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We haven’t found it. Yet
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CONCLUSIONS

We haven’t found it. Yet

Stay tuned !

And check out the ATLAS SUSY parallel session talks:

PF. Butti, direct pair production of third generation squarks (today)
A. Kastanas, searches with photons and taus (today)

G. Cottin, long lived sparticles (today)

K. Bredlinger, squark and gluinos with two leptons (tomorrow)

Y. Minami, inclusive searches for squark and gluinos (thursday)

C. Wanotayaroj, pMSSM interpretations (thursday)

C. Bock, electroweak production (thursday)

E.T. Pastor, RPV with lepton number violation (friday)

B.D. Jackson, RPV with baryon number violation (friday)
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SUSY FINE TUNING FORMUILAS

% The derivation of upper bounds on the different SUSY particles from naturalness

was first discussed in a paper of Barbieri and Giudice in 1987 (Nucl. Phys. B306, 63)

% After the 2011 LHC results pushed limits on squark and gluinos around 1 TeV, lots of
discussion on naturalness-based susy spectra. In slide X I used the formulas in

Papucci, Rudermann and Weiler, arXiv:1110.6926v1

m N
p S 200 GeV ( : ) ( > Tree-level Higgs mass relation to Higgsinos. Very simple, just solve for delta.

120 GeV/ \ 20%
S o )2 (m2 +m2 +|A |2) log < A ) One loop Higgs mass relation to stops. The
ol g e b i TeV minimum fine tuning for a given lightest stop mass

occurs for sinb =1, no mixing, and mtr = mt2. I put

) 5B L
3 T sin 3 log (A/ TeV) ( mp ) A R
ymE +mz < 600GeV EEIE = 20cev ) \ 20% these conditions and solved for delta.

5m2 | ; = _3 = % |M |2 10 2 L . . . QO
Hylgluino = —~ 35U | — it T Two loop contribution from gluinos. The minimum
fine tuning for a given gluino mass occurs for sinb =1.

log (A/ TeV)) " R o
M3 5900 GeV sin 3 ( o8 ( 3{ 5 )> (128726\/) (20% ) I put these conditions and solved for delta.




SYSTEMATIC UNCERTAINTIES

Source Relative systematic uncertainty (%)
Binned soft single-lepton Soft dimuon
3-jet 5-jet 3-jet inclusive 2-jet
Total systematic uncertainty 20 24 I 43
Lepton 1dentification — — 5) —
; |JER 6 i E &
JES (flavour composition) — — — 5
2 Fake leptons 10 6 5 40
tt MC generator 11l 9 7 8
3 |t parton shower — 19 - —
tt scales, ISR and FSR - - 9 5
4 tt normalisation - i - —
5 MC statistics 8 — 6 7
Only leading systematics shown (analysis specific), but the structure is typical
1.  Detector response systematics
2. Analysis specific systematics (closure test, statistics of control samples, dependency on true fake

composition) on the data driven background estimate

3.  Theoretical uncertainties
4.  Normalization of background (from CR statistics)

5. MC statistics

Many systematics cancel or are reduced in the CR => SR extrapolation. Validation regions and multiple
check in data to show that the data are well modeled within systematics - in particular, the variable

used in the extrapolation.
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JING SUSY - COMPRESSI

-
o/
D

-

[GeV]

m._o

®  Sensitivity degrades when AM(X,LSP) is small. For AM => o, the monojet (ISR) + ETMISS (the XX
system) provides sensitivity, with little dependence on the X decay mode

*  No sensitivity to EWK production yet but powerful limits for single squark (240 GeV), squark
octet (430 GeV) and gluinos (roughly 600 GeV)

¢  Irreducible and large Z(vv)+jet background - sensitivity is systematic limited (3-4% error on
background in SR in runit!). At 13 TeV sensitivity improves (signal x-sec increases more), but it’s
difficult to make projections - it will depend on the precision we achieve on the background.
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PHOTON+X PAPER
(arXiv:1507.05493)

Data/SM
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PHOTON+X PAPE

(arXiv:1507.05493)

GGM: bino-like neutralino, gluino production
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intermediate slepton MSSM (with channels NUHM2:2 (with channels
mass scan combination) combination)




PMSSM PAPER PARAMETER SCAN

> T T T T T T T T | T T T T | T T T T
(O] L i
g 0.06 : AILAS P:ellmmary_ parameter range {GeV}
P R _
[0} I 1 = T, | A
S L 7L T b, | slepton mass 900-4000
=0.04 | 4 - |
© - ,J"'._, - squark mass (1st/2nd
= o | 200-4000
e I- ST gen.)
& [ i [ .
= | :I " l--I_ -m“g"': |
& 0.02¢ i Tt 1 squark mass (3rd gen.) 100-4000
i R T W
1 T TR
s | | T ] Mi1,M2,mu 0,70,80-4000
OO 1000 2000 3000 4000
Sparticle Mass [GeV] gluino 20074000
* non-LHC constraints : delta rho, g-2, BR of b to s,
: : : . trilinear couplings 0-4000
Bs to uu, B+ to tv, DM density, Z inv. width, chargino s &
LEP limit
Ma 100-4000
* Also ask for: light squarks above 200 GeV, Higgs tan beta 1-60

mass between 124 and 126 GeV




JISPLAC.

LD VERTICES S.

Targeting long lived gluino or
neutralino - many interpretations!

Channel Upper-limit on visible cross-section [fb]
DV+jet 0.14
DL g 0.15
DV+muon 0.15
DV +electron 0.15
ete” 0.14
TR 0.14
et T 0.15

Either 5-track displaced vertex (DV)
with jet, MET, electron or muon

trigger, or a 2-lepton displaced vertex.

fa — -1
= 300 AlLAS bl ATLAS Vs =8TeV, 2031
£ L i DV+jets @ Data | Signal MC
> L ol ';‘ B T T T T T T T .I T .I
& s 3] B Signal Region
> 200+ — S, g g
i i 2 |
B ] £
. ] 10°
100 J C .
- 1 410"
E 102 - 1 1
] 10 =
-100_ E — 10—2
-200 1 4 -
i = 1
-30 I A ; RN BT 1 L L R R 1 1 1 - 10_3
-800 -200 -100 0 100 200 300 3 4 5 6 78910 20 30 40 50
Xpy [Mm] N

tr

This is not simulation!

Position of reconstructed vertices,
mapping the detector material.
These regions are vetoed for the
search.

No event seen in the search region
(5+ tracks, vertex mass > 10 GeV)
for any channel.

J
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MET > 100 GeV {trigger]

One track with pT > 150 GeV, minimum
45 cm lenght, isolated, well measured.

mT > 130 GeV {suppress W}

Not an electron or (metastable selection
only) a muon candidate

Reconstruct Py from dEdx, mass from 3y
and momentum.

Background entirely data driven

Entries / 50 GeV

10—
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10? - Vs=8 TeV, 18.4 fb”

F Metastable selection

e —
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g— 1%, m@")=100 GeV
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600 800 1000 1200
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CARING TRACK SEARCH

tanf=5,u>0
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[0) —e— Data 3 — 220
(O] 4 ATLAS wkrirints Total background 7] > N
A 1 = Interacting hadron = g
) g mmmeee p-mismeasured track 3 = 210
(x% 1 03 \/g = 8TeV, det =203f m ’\Eﬂlectron ?: Elx'_
I: _,_200GeVr =0.2ns 3 <
102 B ™, =300GeV,vi=02ns 200
m.: —SOOGeVr =1.0ns 3
10g-. E 190
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L..E 150
~
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© 140
D .O | | 111 |

200 300 1000
Track P, [GeV]

20 30 40 100

MET > 90, 1 jet with pt > 90, delta phi(jet, MET) > 1.5

One well-reconstructed, isolated track with 3 pixel and 2 SCT hits,
0.I < eta < 1.9, and less than § TRT hits (“disappearing”)
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Y A
oo

Observed 95% CL limit (x1 omeory)
Expected 95% CL limit (x1 0,)
ATLAS (s =7 TeV, 4.7 b, EW prod.)
ALEPH (Phys. Lett. B533 223 (2002))
Theory (Phys. Lett. B721 252 (2013))
‘Stable’ ¥
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pz2222%%
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s=8 TeV,fL dt=2031b"
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STOP 2X2 5.

EARCH

ATLAS-CONF-2015-026

Systematic uncertainty [%)]
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~ ATLAS Preliminary
" ls=8TeV,17.4fb"
IRRLELELIED Non-closure shape systematic |
= b-jet multiplicity shape systematic —
i Combined systematic uncertainty )
--I-...I...+':’:l’-’:'-“ﬁ"llF““‘F:‘-1--‘:‘ T | R ) O RN
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jet
Mg [GeV]

Events / 10 GeV

Data / SM

400

300

200

100

ATLAS Preliminary _-
Vs=8TeV, 17.4 b
e Data 2012
—— SM total
Data-driven multijet =
Powheg+Pythia ttbar
= m. =100 [GeV]
= m .= 150 [GeV]
m ;=200 [GeV]
m . =250 [GeV]
= m .= 300 [GeV]

t

.4

N
s,

-

o

?f_‘_'_._.........0.0.04.!....‘.9.’.?.*.*.;.+.+_‘_I_+_T_____.___

H

o Ul .

=100 150 200 250 300 350 400
My, [GeV]

T production, T — bS (A,;=0)

Expected limit

10—1 — Observed 95% CL limit
[ =10 expected limit
) [ ] fE o expected limit
10” ————— t-t cross-section (NLO+NLL)

ATLAS Preliminary -
Vs=8 TeV, 17.4 fo”'

100 150 200 250 300 350 400

Targeting low mass stop - boosted, a large jet containing the stop decay products.

Signature : event Ht > 600 GeV, two R=1.5 jets with pt > 200 GeV.

m- [GeV]

Selections on the large-R jets center-of-mass production angle, the number of R=0.4 b-tagged jets, large-R jet
mass asymmetry, the pr ratio between the two subjets in each large-R jets, define the SR as well as the CRs
from which the multi-jet background is estimated (data-driven ABCD-like method)

Final signature is a resonance in the average large-R mass spectrum
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ATLAS Preliminary —*— Data 2015 (1s=13 Te)

== Standard Model
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* One lepton with pr>35 GeV, 4 jets
with pt > 30 GeV, MET > 100 GeV

* 40 < mrt < 100 with b-veto/tag
normalizes the W+jets/ttbar.

* Powheg for top backgrounds, sherpa
2.1 for V+jets and di-bosons.




RUN-2 SELECTIONS : O-LEPTON 2 JETS

ATLAS-PHYS-PUB-2015-028

Events / 100 GeV

Data / MC
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ATLAS Preliminary —— SM Total
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CRT selection
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osf (Loose) CR effective mass distribution for the oL analysis
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§ ATLAS Preliminary :zm::“ﬁ:mew? CRT/CRW : I‘lepton pT>25 Ge\f, 30 <Mmrmr<I1I00 Ge\f, 74 jetS

L L=78pb" I wHets -

- 1 with pt > 100,60 GeV, MET > 100 GeV, 1b-tag/veto

- Diboson

CRW selection

Events / 100 GeV
2
I

-
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S
i

CRZ : 2 leptons in the Z peak, 2 jets with pT > 100,60 GeV,
| MET(inc. leptons) > 100 GeV

10

n

- Powheg for top backgrounds, sherpa 2.1 for V+jets and di-
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RUN-2 SELECTIONS: OL + 6-7 JETS

ATLAS-PHYS-PUB-2015-030

ATLAS Preliminary e Data(Is=13 TeV)

72 pb™ 22 Total background

1 Multi-jets (==6-jet data)
CJtt—qlll

Bl W > lv +jets

Bl Z- vy, +jets

I Single top

----- (1300,200) x 100

==7 jets p, > 50 GeV, | < 2.0

4 6 8 10 12 14 16 18 20
ET®*/ \H; [GeV'"]

* 3j45 trigger - require 6 jets pr>50 GeV and
Hr>600 GeV

e Measure Ht/sqrt(MET) and use it as multi-
jet template (after subtraction of top and

EWK from MC)

.4 * Normalize at low Ht/sqrt(MET) and

compare to data in 7-jet selection




