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Outline: From Mysterious to Science

» Supersymmetry (SUSY) = theory
that can explain some of the holes
in the Standard Model

» Summarise status of ATLAS
searches for SUSY:

» Bulk and small corners
of phase space

» Variety of different combinations
of objects in final states

» Statistical exclusion limits

ATLAS and the LHC are on some models
zooming in on the world > Searches with

to understand the hints of new physics
unknown.
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Standard particles
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SUSY particles
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> SM particles — 1/2 spin — SUSY particles
» R-Parity conservation: SUSY particles come in pairs

» Lightest supersymmetric particle (LSP) is a dark matter
candidate — missing energy

> Scalar top — hierarchy problem / fine tuning Ewan Hill
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o, [pb]: pp — SUSY

101

Classify searches based on:

WS =S TeV
» Production cross-section
» Final states after decays
» Decay chain

> Lifetime

> R-parity conservation/breaking
200 400 600 800 1000 1200 1400 1600

fus— e

> Simplified models

» LSP = X1 orGor ...

» Assume prompt decays unless specified otherwise

> Frequently main backgrounds: ¢t & single top,
W +jets, Z+jets, and multijets

» Discriminating variables: pr of objects, number of leptons, number of
jets, scalar sums of pr (e.g. mest), EF°, EF'° /meg, mr, mr2
Ewan Hill
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8 TeV Exclusion Summary

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: Feb 2015 \5=7,8TeV
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Many searches performed but SUSY not yet? discovered ..
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Strong Direct Production

&, Ipbl: pp— SUSY
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Strong Production: Search for gluinos (g) and 1st, 2nd

generation sclar quarks (§) - 0¢ and > 1/ analyses
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» |mportant discriminating
variables: meg, FRIss, 10
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of jets, lepton pr
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Strong Production: Search for g and 1st, 2nd generation
- recently combined 0/ and > 1/ analyses
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Combination extends exclusion reach
Ewan Hill
ATLAS-CONF-2015-011 8/23



Z+MET+jets has 30 excess
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» Of the many strong production m, [GeV]
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example signal model that can
produce this excess
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smearing jets in pr, ¢
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m, [GeV] Ewan Hill
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Third Generation Direct Production

SUSY particles
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3rd Generation: Search for scalar tops summary

t b
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» 0 — 2/ searches

» Some important
discriminating variables:
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b-quark jet tagging m; [GeV]

S S U

> 2-4 body decays

Ewan Hill
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3rd Generation: Search for scalar tops summary structure
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3rd Generation: Scalar tops - Specialised Tools

for Specific Features

Boosted parent particles

> Large sized jets
(top figure :
heavy %, light X?)
(doi: JHEP11(2014)118)
Scalar top masses just above top
quark mass

» Spin correlation
(top figure inset)
(doi: PhysRevLett.114.142001)

» Re-interpret tt
cross-section measurement
(bottom figure)

(doi: EPJC/s10052-014-3109-7)
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3rd Generation: Scalar top - scalar tau 2/
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» Many additional signatures
pOSSib|e — CheCk a” the 506 i, production, BR{, - ¥bv) = 1, BR(E - < G) = 1
different corners of phase space ATLAS Prefiminary’ T
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> Re-interpretation of a 2/ search OF ey

+ additional signal region =

Alimis a1 9% CL

300
» LSP = (G ~ massless .
200
» Targets diagonal boundary 150 5
100 )
> Slgnal reglons 150 200 250 300 350 400 450 500 550
m, [GeV]

Vary jet pr, mr -
wan I
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3rd Generation: Search for scalar tops - recently combined

0¢ and 1/ analyses
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Ewan Hill
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Electroweak Direct Production

SUSY particles

G, [pb]: pp — SUSY
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Ewan Hill
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Electroweak Summary

reliminar .3 fb, 's=8 Te' tatus: Fel
ATLAS Preliminary 20.3 fb™! 8 TeV S Feb 2015
% r— %0 via EL/ A 3L, arXiv:1402.7029 - - - - Expected limits
g || — i;i; via L/ ¥, 2l, arXiv:1403.5294 —— Observed limits
T Fo— T via T/, 3L, aniv:1402.7029 . .
€ 500 [ — %30 via T/ V., >21,  arXiv:1407.0350 All imits at 95% CL
mo— Xy, via TV, >21, arXiv:1407.0350
[ — iﬁg via WZ, 2143L, arXiv:1403.5294
» Sma” Cross_sections 400 — %% via Wh,  Ibb+hyy+FF43L, aniv:1501.07110
[ — T, via WW, 21, arXiv:1403.5294
» Clean multi-lepton O Miyzyv=08myg+my)
final states 800 [~ L-one
» Low hadronic activity -
200 —
» Searches using e, u, T N
100 =
0 L TR AT N SRR ANRNRE B
100 200 300 400 500 600 700

my (=m %2) [GeV]

Ewan Hill
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Electroweak: Search for Charginos (‘Zf) and

next-to-lightest Neutralinos (X3
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» Not the best search
channel; included for variety
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> Minimize number of jets

> Some discriminating
variables: ER'°, mra, and
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101007/JHEP10(2014)096 0 20 40 60 80 100 120 1‘;0 160 180 20 20 Ewan Hill
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Long Lived and R-Parity Violating

Supersymmetry

‘Standard particles SUSY particles.

Supersymmetry with ATLAS

» RPany @ jon: SU. Tes come in pairs
> Light Teymmetnic SP) is a dark matter
Gandidate — missing energy

> Scalar top — hierarchy problem / fine tuning v
S

What about if SUSY particles
can decay into SM particles
(R-parity violating)?

What about if the SUSY particles

have long lifetimes?
— final state without SUSY

particles ~ no stable LSP.

Ewan Hill
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Long Lived / RPV

» SUSY particles with long lifetimes (e.g. § or X1)

> Analyses depend on where in the detector the decay occurs

g R-hadron — g/qq 7(:’ ;M3 =100 GeV Status: March 2015
2000 -
% [ —— Displaced vertices arXiv:1504.05162 - ©- - Expected limits
O, [ —e— Jets+ET™®  arxiv:1405.7675 ATLAS-CONF-2014-037 -
11800 — Pixel dE/dx ATLAS-CONF-2015-013 N Olsaus:rved limits
€ [ e Stablecharged  arXiv:1411.6795 ?:2‘ ;')‘:L"R)'Es"“sms&;r% ;‘3‘ Included
5 - St d glui Xiv:1310.6584 T
S 1600 - oppedgluino.  andr1a1ns ATLAS Preliminary
E F Pt
= k i [
g 1400 [-* ; P
o LO H
3 C i i i °
1200 [~ i v
£ i i
1000 [~ oo
[ i i
F i
800 5. U °
Le ! o
[2 i it
600 [ ; R ?
Cfvnnd v vvod vl 5ol vl ol 1
102 10 15 10 ; 102 10 10!
(r for n=0, By=1) Beampipe ;lnner Detector; Calo MS T [ns]
ol vl vl el il el il il
10° 102 107 1 10 102 10° 10 )
ct[m] Ewan Hill
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What's next?

6500 GeV

Energy: 6500 GeV I(B1): 2.93e+11 1(B2): 2.93e+11

FBCT Intensity and Beam Energy Updated: 11:33:22 Instantaneous Luminosity Updated: 11:33:22
7000

| |

o
om00  ox00 0400 0600
—ATLS — AUCE — o5 — s

00:00 0200 0400 _06:00 0800 10:00

BIS status and SMP flags
[Comments (03-Jun-2015 10:48:25) Link Status of Beam Permits
Global Beam Permit
Setup Beam
Beam Presence
Moveable Devices Allowed In
Stable Beams
Single_3b_2_2_2_with_nc_probes PM Status B1 [INEVNESRIPM Status B2 JANIN))

the LHC is back in business!
(all IPs optimized)

What is coming up in the near future ?
> LHC 2015 = 13 TeV
» How much data is needed before we publish?

Ewan Hill
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Discovery B,
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40

2100

Events/(50 GeV)
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1260
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1 000

800

Production cross-section

8 TeV — 13 TeV:
Main backgrounds: x 2 —3
Gluino pairs: x ~ 10

Discovery sensitivity:

~ 30 with 2 —10 fb~! for
masses heavier than those
excluded at 8 TeV

Ewan Hill
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Conclusions

» ATLAS has probed a significant amount of phase space
» No SUSY particles discovered ... yet?
» Study the Z + EIT“iSS—i—jets excess further with 13 TeV data

» First signs of SUSY at 13 TeV could be seen with just
2 —10fb~!

13 TeV data taking has started !

Ewan Hill
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Z-+-MET details

On-Z Eps Hry jets my SE/DF  E7™sig. fst Agljetry, ET')
Region [GeV] [GeV] [GeV] [V GeV]

Signal regions
SR-Z > 225 > 600 >2 81 < mge < 101 SF - - >04

Control regions

Seed region - > 600 =2 81 < my < 101 SF <09 <06 -
CRepu > 225 > 600 >2 81 <myee < 101 DF - - > 04
CRT > 225 > 600 >2 mee ¢ [81,101] SF - - >04

Validation regions

VRZ < 150 > 600 22 81 < my < 101 SF - - -
VRT 150-225 > 500 22 my & [81,101] SF - - > 04
VRTZ 150-225 > 500 =2 81 < mge < 101 SF - - >04

_ jet 1 lepton 1 lepton 2
Hr =3 pr ' +pr +Pr
[

PPt > 25 GeV, Pt ? > 10 — 14 GeV,  plf* > 35 GeV

Other cuts for 10 GeV < plﬁpm" < 25 GeV leptons are tighter than for
PPt > 95 GeV leptons

Other cuts for 35 GeV < pjTet < 50 GeV jets are tighter than for

et > 50 GeV jets Ewan Hil
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ong Direct Production 2

> T T T T T T T T T
3] ATLAS Simulation Preliminary SRS, m_(incl) > 2400 GeV
O 1 0E = | —— SM Total =
o [ |Ldt= 21 15=13 TeV N =
G direct, mi@.
o E
= [ 3 direct, mi@.
— L . e ]
‘2 1i{+X) & single top
Wajets
2 10 |
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o
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z ATLAS Simulation Preliminary Discovery reach, O-Iepton+]ets+E:‘SS
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-------------- 20

production

~0 o
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-------------------------------- 40

5= 13 TeV,AB/B=40 % > SenSItIVIty at ~ 20' Wlth
1" _ .
______________ 50 ] e 2n® 5 — 10fb~! for masses heavier
107 oV, 1 (95% @ 5

B I S el S than those excluded at 8 TeV
1200 1300 140( 1500 1600 1700 1800 1900 2090 2100
m(g) [GeV]

ATL-PHYS-PUB-2015-005 Ewan Hill
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Variable definitions

= \/2p%p (1 — cos (Ag))

where a = e/u /7 (assumed massless).

mro (ba C) = \/qb +crlrcli_npmiss (Hlax [m%‘ (p’bI‘v quf) amQT (p’%a q%‘)})
T TAdr=PT

where b,c = hadronic tau, jet, lepton-jet, etc.

HT — ijet i
Meff = Emlss + Z et i + Eplepton i + Zpl%adronic tau k
k

Exact definitions are highly analysis dependent (number of jets, pt cut
off, etc.).

Ewan Hill
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