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Searches for SUSY: LHC must pay tribute to LEP experiments, and CDF and DO
But in the end: Vs wins, and the LHC luminosity is also pretty good!

Results presented here based on 4-5 fb-! at Vs = 7 TeV (2011)
and some analyses have also used 4-6 fb-! at Vs = 8 TeV (2012)

CMS

Large amount ot results:
CMS SUSY: 3 notes 8 TeV, 19 papers 7 TeV, 30 notes 7 TeV (2011 data)

ATLAS SUSY: 4 notes 8 TeV, 24 papers 7 TeV, 24 notes 7 TeV (2011 data)

See: http://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
http://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
http://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

Cannot, and will not cover all.  (in particular: no indirect/flavour constraints)
Rather, make a selection focusing on consequences for status of SUSY




Outline:

Supersymmetry, and the SUSY landscape
Generic searches for coloured sparticles
Gauge mediated SUSY
Shift of paradigm: targeted searches for natural SUSY

third generation

electroweak gauginos
SUSY escape routes

compressed spectra

long-lived particles

R-parity violation

SUSY beyond the MSSM

The picture anno September 2012, outlook



SUSY gives rise to partners of SM states with opposite spin-statistics
but otherwise same Quantum Numbers.

SUSY has a deep origin in marrying internal and space-time
symmetries

But our interest:

TeV-scale SUSY

hierarchy problem
dark matter

gauge coupling
unification




The SUSY landscape:

No SUSY particles observed so far: SUSY must be broken or absent

Models for SUSY breaking: gravity-, gauge-, anomaly mediated,...

SUSY Theory phase space
General MSSM: 105 new parameters

MSUGRA/CMSSM: 5 parameters
intermediate: pMSSM : 19-24 parameters
simplified models

R-parity conservation/violation?
LSP stable and weakly interacting?

CMSSM

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

Flavour physics results see no sign of new phenomena beyond the SM.
—> significant constraints on SUSY

However, there is still (g-2), , and a SUSY LSP is still a good dark matter candidate
Observation of a new boson at 125 GeV, consistent with the SM Higgs boson

-> obvious big SUSY implications.
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Higgs mass

MSSM:
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Measured 125 GeV < MSSM maximum of 135 GeV: good!

However: 125 GeV is heavy for SUSY
- high squark masses
—> stop lighter if large L-R mixing
and A, large

- too massive stop bad for “naturalness”
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Measurements of couplings (and maybe other Higgses) will tell: SM/ SUSY /... ?

High Higgs mass easier to achieve in NMSSM



R-parity
We do not know how SUSY might show up first. conservation

A good start could be: assumed

Inclusive searches with jets and missing momentum

10 e ProspinoZ.}

LHC: sensitivity first to strong production
of coloured sparticles: squarks/gluinos
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Keep analyses simple, general and robust
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- Wide arsenal of tools: variables to suppress and estimate background



CMS: examples: a;, razor R, H; + H;™ss, M,

_PRL 107, 221804 (2011)
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ATLAS example: effective mass M

5 signal regions (2-26 jets)

each with loose/medium/tight

Each SR has 4 control regions

for background estimation

8 TeV data

=3 ijets + Etmiss ( + pTIepton )
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CMS Preliminary L =4.98 fb",Ns=7 TeV

MSUGRA/CMSSM interpretation

MSUGRA/CMSSM: tanf = 10, A = 0, >0 ATLAS-CONF-2012-109
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Multiple analyses, multiple methods: no excess above SM observed

tanB=10,A,=0,p>0: m,, <350 GeV excluded

only weak dependence on tan 3 up to ~40 or so
disfavours SUSY interpretation of (g-2),
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MSUGRA/CMSSM interpretation

in terms of squark and gluino masses:
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For equal squark and gluino masses: m < 1500 GeV excluded
for all squark masses: gluino m < 950 GeV excluded
for all gluino masses: squark m < 1400 GeV excluded
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Long decay chains: searches specific for gluino pair production
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Searches with one isolated lepton and jets 14

Sensitive to gauginos in decay chains.
Requirement of isolated lepton good against QCD multi-jet background.
Background dominated by top-quark pairs and W+jets

_ _ _ Also di-lepton
Example: CMS analysis of one isolated lepton + jets and multi-lepton
: _ analyses exist
2 data-driven background prediction methods: )
9 P in CMS / ATLAS
* lepton p; spectrum > E ™SS spectrum
PAS-SUS-12-010
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Relaxing the constraints: simplified models

A simplified model is defined by an

; effective Lagrangian describing the

i interactions of a small number of new
 particles. Simplified models can equally

' well be described by a small number of

' masses and cross-sections. These

| parameters are directly related to collider
i physics observables, making simplified

i models a particularly effective framework
i for evaluating searches and a useful
 starting point for characterizing positive
' sugnals of new physics.

Can build in more complexity by
extending simplified model set

15



CMS: large collection of simplified model interpretations in PAS-SUS-11-016,
but also in other papers/notes.
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Note assumptions: only gluino/gluino or squark/squark production
100% branching ratios as shown
Neutralino masses left free: gluino/squark limits collapse for heavy neutralinos

16



~~ . ~ ~0
dg production; g— q q ¥,

AT LAS ;‘ L T T T I T T ] T ] I T T T T T T I T T T I T T T | T ]
& 1400 —ATLAS Preliminary e Observed fimit (+1655) ]
— T TITT TP TT) =" Ptheory: —
(conclusions agree with those of CMS) B oo F_[ Lat=5815" isms Tev S52 peedimi (t10,) ]
[ 0-lepton combined | Observed limit (4.7 b, 7 TeV) ]
1000 {— -
gluino pair production ok .
L — 3
600 [~ 3
ATLAS-CONF-2012-109 ol E
200 |54 B
- . /ll 1 l’ | =y 1 1 | 1 :
Squark + g|UInO prOdUCtlon 200 400 600 800 1000 1200 1400
m [GeV]
Squark-gluino-neutralino model, m( ?) =0GeV g production; d— q )”(?,5—) qq ZO m.=0.96m.
'—2800 T T T T T El o T T T T T T T T T T T T T T T T [y T T T T T T T 1| T T T T T T T T T |q T 2
S n T 77 [ERE | | I | | 3 = C I T I T I
3 - ATLAS Prelimi . ® 1400 — ATLAS Preliminary . —
9.2600 £ reiminaty - S C y == Observed limit (t1c,.) ]
93 o - -
"’ E 3 E -JLdt=5sfb" -8 TeV .
o] — B 7 _ . , IS e T
E 2400 1 ¢ J- Ldt=538 fbl’ 15=8 TeV n 1 ~ ) ~——~ Expected limit (+1c,,) -
- . - ton combined exp .
82200 N\ e 0-lepton combined —] - -
8— N . susy . 1000 n ]
2] 2000 —_— Observed limit (1o, ) 3 C .
1800 :_ [/ - -~ Expected limit (t15,,,) _: 800 :_ _:
S N || observed limit (4.7 fb", 7 TeV) 3 s - .
1600 — - 600 N - -
1400 — s r E
- == 400 — _ . H
1200 = — - quark) = 0.96 m(gluino)
1000 massless neutralino = 200 neutralino mass free )
- . - )
800 C 1 1 I 1 1 1 l 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1 I 1 1 1 I 1 1 L ] 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 :'- {\ 1 .?_
800 1000 1200 1400 1600 1800 2000 2200 2400 200 400 600 800 1000 1200 1400
gluino mass [GeV] my [GeV]

17



Gauge mediation

SUSY breaking from hidden sector could be mediated by gauge interactions
Light gravitino LSP, several candidates for NLSP:

« stau: stau - tau + gravitino
* any slepton - lepton + gravitino

» neutralino - X + gravitino

Neutralino NLSP: decay depends on bino/wino/higgsino mixture

» bino-like: neutralino - photon + gravitino
« wino-like: neutralino - Z + gravitino
* higgsino-like: neutralino - h + gravitino

Searches for combinations of photons/Z/h + E;™iss
NLSP could decay promptly, or with significant lifetime
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Neutralino NLSP: photon + MET, di-photon + MET in CMS

E.Y > 40/25 GeV;
PAS-SUS-12-018
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Di-photon + MET in ATLAS

gluino limits
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arXiv:1209.0753
E.Y > 50/50 GeV;

E.miss > 125 GeV: 2.11 bg exp.
2 observed

Interpretation for bino-like neutralino
(Neutralino mass free parameter)
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These results impose severe constraints on SUSY

« constrained models like MSUGRA/CMSSM have a hard time
- best fits towards ever higher mg, m,,
- note that limits on weakly interacting particles are
derived limits only (from squarks/gluinos)

« squarks of the 1st and 2"d generation, gluinos

must be above ~ TeV scale
(unless heavy neutralinos)

Rethinking our options...
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Shifting emphasis:

Not only look for inclusive SUSY, but focus on measurements
that probe the real motivations for TeV-scale SUSY:

« Naturalness (1): 3 generation: stop, sbottom
(mass related to my)

« Naturalness (2) + Dark matter. gauginos
(mass related to y, p related to m,)

GeV

1000

500

ok
(R. Barbieri, ICHEP 2012) 22




Shifting emphasis:

Not only look for inclusive SUSY, but focus on measurements
that probe the real motivations for TeV-scale SUSY:

« Naturalness (1): 3 generation: stop, sbottom
(mass related to m)

« Naturalness (2) + Dark matter. gauginos
(mass related to y, y related to my)

Natural Susy Jay Wacker
GeV )
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1000 Tree T Higgsinos 1gs system )
: ~ 200 GeV
—t\
s i O SO Top Squarks  particles decoupled?
S00 t ~ 500 GeV
L level ]
g @{ Gluinos
2 IOOD — el
ok ~ 1500 GeV

(R. Barbieri, ICHEP 2012) 23



Stopandsbottomproduction 0 — ool
o, [pbl: pp = SUSY
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Gluino-mediated: 1

i

large cross section, if gluino not too heavy
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for m(stop) < m(gluino) Direct production:

t
for m(stop) > m(gluino)

o4 small cross section, top-like final state



CMS: hadronic analyses + b-tag
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gluino-mediated stop production

26

95% exclusion limits for § — t t7°; m(G)>>m(g)
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Direct sbottom pair production 27

95% exclusion limits for b — b3’; m(g,g)>>m(b)

s 1111117 —1 CMS: hadronic analyses + b-tag
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Direct stop pair production

CMS: interpretation of most sensitive multijets + E{™'ss analyses

95% exclusion limits for T — t7’; m(,§)>>m(®)

95% CL upper limit on ¢ x BR [pb]
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Entries / 25 GeV

Direct stop pair production

ATLAS: dedicated analyses:

very light stop, stop = b chargino: 2 soft leptons (arXiv:1208.4305)

light stop, stop = b chargino: lepton(s) + b(s) + Vs_. (U  (arXiv:1209.2102)
medium stop, stop = t neutralino: 2 leptons + jets + My, (ATLAS-CONF-2012-071)
heavy stop, stop = t neutralino: 1 lepton (arXiv:1208.2590)

heavy stop, stop - t neutralino: 0 lepton (arXiv:1208.1447)

1-lepton arXiv:1208.2590 0-lepton  arXiv:1208.1447
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ATLAS: direct stop exclusions:

tt production: t —>b+Z‘ Z‘—> W() 7 (BR-1 m. < 200 GeV); t —>t+x (BR=1, m. > 200 GeV)
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The attack on “light” stops has started!

This is NEW!

Stop hiding behind the top?
Or above 500 GeV?

More detailed scrutiny of top-like events

But: running against the limit of understanding of top
(different MC generators show different behaviour)

or longer stop decay cascades

stop - charm + neutralino: difficult!

more results to come
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Gauginos
The SUSY partners of the electroweak gauge bosons + Higgses

Weak production: small cross sections, significant backgrounds

Z /
\ y {,/ require leptons in the final state
P2 X'Q' N - ~0

free parameter: leptonic Br of gauginos

. e 0 Lot
X+ ! (boosted with light sleptons)
/ N
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1 /)
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Direct production of DM particles (e.g. neutralino LSP)

> X mono jet / mono photon analyses

q X

Covered in talk of Francesco Santanastasio

(Saturday morning)
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Heavier gauginos in CMS: X XL, X0 Xl

Models considered:

. Heavy sleptons: decay via W/Z emission, W/Z-like Br to leptons
. Light sleptons A: slepton_L (R decoupled), 50% Br to I*, all flavours
. Light sleptons B: slepton_R (L decoupled): Higgsino-couplings: 100% Brto 1
SUS-12006
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Heavier gauginos in ATLAS:

ATLAS
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Models considered:

arXiv:1208.2884
arXiv:1208.3144

» Heavy sleptons, W/Z-like Br to leptons
» Light sleptons: slepton_L (like CMS)
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The attack on gauginos has started too!
This is also NEW!

Most significance with on-shell sleptons

But also starting to get sensitive to W/Z-like Br

Keep on probing Xt > x° + W
X0 2 X2+ Z/h

)~(+;(' is hard, but maybe even visible in WW cross section?
(arXiv:1206.6888)

~

if |u| small: higgsino-like regime - degenerate )220, )210, X% : difficult!

by-product of ATLAS analysis: first limits on sleptons beyond LEP-2!
(arXiv:1208.2884)
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SUSY escape routes

RISCH COMPANY Presents

IEVE MI}HIJHN IlIIIIE liAIiN[H chllﬂlll Ji)

Can SUSY
oull it off?

A GLORIOUS
SAGA OF

[HEATT SUSY

JOHN STURGES" @ S 7 eanavision®

THE GHEAT \ESCAPE

“JAMES CHARLES DONALD JAMES JOHN

Gompressed spectrs 1 NSO EAHOECORB BTN 5,3 . i

Long-lived particles
R-parity violation

Beyond the MSSM: stealth SUSY, scalar gluons 37



SUSY with a compressed mass spectrum: small mass gaps

pp—3d, G o ; m(@>>m(d)

Compressed SUSY model, heavy EW gauginos
<1200
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Similar conclusions CMS and ATLAS: squark/gluino limits collapse
for small mass gaps

Dedicated analyses under development.
Analysis of “parked data” with lower threshold triggers in 2013
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SUSY particles with non-negligible lifetimes

» vertices far away from IP

« disappearing tracks

 R-hadrons (hadronized gluinos/squarks)
» stopped R-hadrons

« ‘'stable’ charged massive particles

disappearing (kink) stable massive
track particle
displaced _-"
vertex -
: , penetrate
prlmva;g/t e(z a detector
O(10) mm O(100) mm > 0O(1000) mm decay length
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CMS: st d R-had 246 h trigger livetime
. Stopped R-hadrons .. > 70 GeV:

8.6 + 2.4 bg expected

Stop in detector, and decay uncorrelated with beam 12 events observed
T 800 : — 7
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o (pD)

“Stable” charged massive particles

Covered in talk of Francesco Santanastasio (Saturday morning)

CMS arXiv:1205.0272 ATLAS ATLAS-CONF-2012-075

CMS Vs=7TeV 5.0fb -1 Direct Slepton Production (€ and[] decay toT)
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“stable” gluino > 1 TeV
“stable” stop > 700 GeV
“stable” stau > 300 GeV
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ATLAS: “disappearing” track

~0 _ —
X17
o %1 decaying into ¥: -+
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small mass gap: soft pion missed

R=1082 mm

true particle track

mits on chargino mass/lifetime
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Violation of R-parity: no LSP, much reduced missing momentum

L-number violating terms

A

“ roT , . C "C 17
Wiy = gLl B + X I QJ A1 OC DE DS
R/_/

/ bili*ear terms B-number violating terms

multi-leptons l

L-number violation o
multi-jet resonances

V

“leptoquarks”
L-number violation
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Multilepton final states in CMS: 3 or 4 leptons, 0, 1or2 T

bins of H; and E;™Mss

arXiv:1204.5341
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Three-jet resonances in CMS

CMS, 5.0 fb”! \s=7TeV
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= [ 3-jet mass ;
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© E . E
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10 g ¢ Data e
- | ---300 GeV gluino -
102k | ---450 GeV gluino E|
- | —Four-parameter background fit ]
1000 = 1000 N
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arXiv:1208.2931

Search for 3-jet resonances in
events with high jet multiplicity
and large H;

Interpretation: gluino - 3 jets
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ATLAS: RPV e+pu continuum production

ATLAS: p+
displaced vertex

ATLAS-CONF-2012-113

Vertex mass [GeV]
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Bevond the MSSM: stealth SUSY in CMS PAS-SUS-12-014
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Weak-scale supersymmetry anno September 2012 (1

Hadronic / razor CMS

preliminary Leptonic

£=0.25
m(LSP)=0 GeV = _10:7%5 m(mother)—m(LSP) =200 GeV

z=0.25
T

. - =0.5
m(mother)—m(LSP) =200 GeV =02

m(LSP)=0 GeV

|T11 9—aax’, or

T3Ih: g—aq(xy =111 %"), OS e/u edge|

|T1: G—q0x", jets + Hy L

31h: g—qq(x3 171" X"), OS count e/u+ By

|T1: §—aqx°, razor

T3Ih: §—qq(x3 =111 %"), OS ANN

|T1: 9-99x", My

T5Inu: x* —=1%vx’, SS e/p

|T1tttt: §—tt%°, ar

T1tttt: §— g0, $s+b|

|T1tttt: gty Ertb

Titttt: §—1tx°, e/p>2b+Fy,

|T1tttt: §—tty’, Mp+b

Titttt: g3, e/n sz,yMH|

|T1tttt: g—ttx’, razor

|T1tttt: g—ttx’, razor+b

|T1tttt: g—ttx°, razor multijets

|T1bbbb: §—0bx°, ar

T3w: I’g_imi SWR'R), e/ LS

|T1bbbb: G—bbx", Frtb

|T1bbbb: Gbb3°, Mpy+b
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T522: §—qq(33 2 2%"), Z +ITT‘—|
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simplified models
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Weak-scale supersymmetry anno September 2012 (2)

MSUGRA/CMSSM : O lep +J's + E; ...
MSUGRA/CMSSM : 1 lep +js +E; ..

1]
[
(inclusive searches

Pheno model : Olep +js +E; ...
Pheno model :Olep +js+E, ..
Gluino med. %" (G—qaz): 1lep +j's +E,
GMSB : 2 lep (OS) +j's +E)
GMSB:1-27+0-1lep +j's +E
GGM:yy+E ™" s

g—>bbx _Qnrtual b) Olep + 1/2 bj's + E, mias
g—)bb ( |rtualb) Olep+3b-js+E, ..
g—>bbx (realb): Olep + 3b's +E; ..
Gtz (vurtualt)_ 1lep+12bs+E, ..
§—)tfx (virtualt) : 2 lep (SS) +j's + Ey
—>ttx (wrtualt) 3lep+js+E; ..

§—)tfx vmualt) 0 lep + multi-'s + E, ..
g—>ttx (wrtual) Olep+3 b—JS +Eq s

miss
T.miss

Inclusive

3rd gen. squarks

bb, b —)b)(.1 Olgp + 2-b-jets + E, miss
bb,b.— 3Iep+Js+E,ms

tt (very hght) t—>bx :2lep+E
(light), t—)bx 1/2 Iep +b-jet+E,
(heavy), t—)tx :0lep + b-jet + E T .miss

T.miss

=1z

[ Natural SUSY

it (heavy), >ty :1lep + bjet+E; ..
tt (heavy), t—)tx 12 lep +b-jet+E,
"(GMSBLZH +biet+E "
L I=lz s 2lep + E, mias
1’1 —)Iv(lv)—)lv :2lep+E;

direct production
=i

3 AMSé (dlrectx pair prod) Iong-hvedx
w

(

Stable g g R-hadrons : Full detector

Stable T R-hadrons : Full detector
table g R-hadrons : Pixel det. only

long-lived particles,
eg. split SUSY

e GMSB : stable T
RPV : high-mass ep
Bilinear RPV : 1lep +j's + E; ..

BC1 RPV 4lep+E

T.miss

5 Hypercolour scalar gluons : 4 jets,m,=m,,
g Spin dep WIMP interaction monojet + E T .miss

*Only a selection of the available mass limits on new states or phenomena shown.

ATLAS SUSY Searches” -

95% CL Lower Limits (Status: SUSY 2012)

L=47 1b", 7 TeV [CONF-2012-070) 120-1731G8W] { mass (m(1 ) = 45 GeV)
L=4.7 1b”, 7 TeV [1208.1447)

L=4.7 b”, 7 TeV [CONF-2012-073)
L=4.7 fb”, 7 TeV [CONF-2012-071)

| [
-1ba] 50Tev! G =g mass
] 4 TeV ~q =g mass det =(1.00 - 5.8) fb-1
) [eV. g mass (m(@) <2 TeV, bghtx )
108) .38 Tev q mass () <2Tev. nghtx 0 fs=7,8TeV
g mass (m(x ) < 200 GaV, miy ) = -(m(l J+m(@))
3 mass (tang < 15) ATLAS
g mass {!anﬁ > 20) Preliminary

g mass (m(x ) > 50 GeV)
gmass (mig" )< 300 GaV)
g mass (m(x ) < 400 GaV)
g mass {mlx,) = 60 GeV)
g mass (mi )< 150 GaV)
12-105) 850Gev. g mass (m(z )<3DOGeV)
gmass (any m(x )<M(§))
00 TeV g mass (m(z |) < 300 GaV)
g mass (m(x )< 50 GeV)
a mass (mi ) =60 GeV)
b mass (m(x )< |5o GeV)
gmass (miz; = 2m(x )
tmass (m(z) 4SGeV)

ATLAS

380-465 tmass (rn(x) 0)
230-440 GeV tmass (mii;) = 0)
298305 Gev| { mass (i) = o
tmass (115<m(x ) < 230 GaV)

L=471b", 7 TeV [CONF-2012-076) 939B0/GevI | mass (m(z )=0)

L=4.7 fb”, 7 TeV [CONF-2012-076)
 |L=4.7 b, 7 Tev [CONF-201

[ 120330Gev. 7. mas_.g (i) =0, m(i) = -{m(x )4m(1 W
— x mass {mix ) m(x )m(1 ) 0, m(lv)as above)
X.mass (1 <r(;( )< 10 ns)
GV gmass
t mass
g mass (x> 10ns)
Tmass (5<tanf <20)
V. Mmass (i,,=0.10,4,,=0.05)
=§ mass (cr <15 mm)
g mass

q mass (3. 0<10" <12"< 1.5410°, 1 mm<cr<1 m, 3 decoupled)

L=4.6 fb", 7 TeV [ATLAS-CONF-2012-110) " 100:287 GeV! sgluon mMass (incl. limit from 1110.2693)

M* scale {m, <100 GeV, vector D5, Dirac 1)
M* scale (m, <100 GeV, tensor D3, Dirac 7)

L1 1 111 | [N I | 1 N N I | 1 |

10" 1 10
Mass scale [TeV]

All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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Weak-scale supersymmetry anno September 2012 (3)

* The sheer amount of results is staggering!
Many ideas, many methods

* No deviation from SM seen yet

« Puts stringent limits on SUSY

« Starting to probe “natural SUSY” now: 3 generation, gauginos
(This is NEW with respect to only half year ago!)
The burial of natural SUSY is premature, but the attack is real

* Trying to close SUSY escape routes

« Future: even more emphasis on 3 generation and gauginos

more emphasis on minimizing holes in analyses
more emphasis on R-parity violation
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Weak-scale supersymmetry anno September 2012 (4)
Often asked: is SUSY dead?

SUSY certainly has a significant PR problem...
(and MSUGRA/CMSSM is on intensive care)

However: always read the small print:
(Dissertori: “The IF files”)

 Difficult, or impossible, to give "absolute’ limits: always assumptions
« Limits collapse when raising m(LSP) above a few hundred GeV

* Inclusive searches assume degenerate 15t and 2"d generation squarks.
Limits deteriorate significantly when this is given up.

« Simplified models make strong assumptions on production modes,
branching ratios and masses of intermediate states
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Outlook:

On the way towards 20 fb-! of data at 8 TeV in 2012
Many analyses in progress, many ideas
Processing of "delayed triggers’

Detailed scrutiny of the Higgs-like 125 GeV boson
Searches for possible heavier bosons

Vs at 13 TeV or higher after 2014: it's a new ball game!
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Outlook:

On the way towards 20 fb-! of data at 8 TeV in 2012
Many analyses in progress, many ideas
Processing of "delayed triggers’

Detailed scrutiny of the Higgs-like 125 GeV boson
Searches for possible heavier bosons

Vs at 13 TeV or higher after 2014: it's a new ball game!

We are tired of exclusion limits...
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Q Exclusion limits : a new standard ATLAS/CMS procedure (>June 2012)

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

. % 600

Expected limit: o
e

sCentral value: all uncertainties included in the fit as nuisance F sy
parameters, except theoretical signal uncertainties (PDF,scales)

»+10 band : =10 results of the fit 400

Observed limit:
=Central value: Idem as for expected limit

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

43 production, =

L L L

- ATLAS Example

- fl_ dt=47f Ne=7 ToV

—— Observed limit {+1aj0et)
——— Expected lmi (210

At e 95 CL

S NN NN S NN

B |

Numbers give 85% CL. exduded model cross sacions |k

1000
Excluded Model Cross section (SMS) « my[GeV]

=> Number quoted in paper correspond to observed -1 ¢ observed (conservative)
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Result reinterpretation

Feel free to reinterpret our results (see back-up siide) !
= Acceptance, g, CLs, ... are provided for each analyses in HEPData

Refined and exvended lat of nput to HEPdsta, starting with wirter 1012 resska http:/mepdata.cedar.ac.llk/

o Ploo, isterpretation |‘Cl % limits) from pp ad awakary matertl ) ) The Durham HepData Proixt
o Tor each sigrol reghon, and for 3l rebevane models wample plne”
T e s V0 et

n s ) Reaceon Dasamass  Dara Revews  Pasros Darrmsuncs Fusenon Sevmn Oman HEP Ruscuscas

®  acceptance (A) defned nesx page [A-MN Nuod
®  cfficiency (€) defined next poge (65N 0w/ Neasd)

o —y

.

Extra msource relatsing 1o the paper arxiv:1 10068572 - CERN-PH-2011-145

Expori mardy acceptance'elicl enoy and eachaded 0088 secton ¥ afoe
Sl eapectatons and mpedmantsl sccepfancauioency b M_chune v M_sasre g frasiess LS9
S0 eapoctatons and oot mental 0cepmEnoaofiaonay vy CNSSMNSUGRA gle

SUAA e
vy s e Res

& N7 rond gystematkc and theanetcdl dgngd wncertainey
ot ndudeg MC stat v

*  Clsvale

For Wl relevant modds

i
5
«
3

®  Nurber of generated MC evere [can be wed to dertve 3l ugrol Sagy CNSSNAVSLUGRA o by Yo
MNC st v )
o o socd sigd production cross section Extra resource refating ot the ATLAS NOTE ATLAS-CONF-2011-166
Y A 9 MA) & Exgaed roardi el ety andd Coush Sechon 80 kr M_gharo vs M_LEF ot
o SUISY Les Houdhes Accord (SLMA) Sies hroct Gosys) - SHUA Fles
e Relovant mods Jone-44eo Caachde decsk. 11/ ) - SHLA e

o Lg small umber of smphficd models (easy Wineroncs)

. mwh@\vln;ubbm between pornts

A user can probe his/her favorite model(s) by:

|. take our background estimate (per SR): Nt £ A" (humbers in
publication)

2. implemant event selection (per SR), validate AgAINST our acceptance
numbers (in HEPdata)

3. implement a detector response, validate against our efficiency numbers (in
HEPdata)

4. run on favorite model, and calculate sensitivity/limits using cur visible
upper imits (from publication)

More details: https:/indico.cern.ch/getFile.py/access?contribld=1&resld=0&materialld=slides&confld=173341
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Avenue 1: SMS efficiency maps

Can be used by a phenomenologist to “calibrate”
a “simple” MC

PP —88,8—qq7 ; m@>>m(g)

% 12001 cums preliminary ' X
i e - \s=7TeV L=1.11b" o {FH04s <
Example efficiency map f.or a.T £ 1000l -
search for well defined Simplified Model -
800}
600
400
- 0.1
200 0.05

0

600 800 1000 1200
m, (GeV)
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Avenue 2: Provide efficiency and turn on curves

To be used by phenomenologist to “build” a “simple” MC

C
- —T !‘.s1s."?|'.l|?"°n, \18. 7.1;9,\, B CMS Simulation,\s =7 TeV
Q 1_— —- 3 1_'. TESTVIVITVJvVESS sey 1 U
c
(] - ] S !
G 12 ]
w 5 { W
0.6 - 0.6 g
0.4:_ s alactrons _: " ® H;>200 GeV R
0.2 A muons _: 0.2} ! 4 4 H;>320 GeV {
) T I R T S T S T T _- 0 +ﬂ .
20 40 60 80 100 120 140 160 130 200 0 100 200 300 400 500 600 700 800
Lepton P, (GeV) gen- H (GeV)

Example from SameSign dilepton analysis: lepton efficiencies and H; turn-on curves

Feedback by users of these information appreciated
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