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Building a fundamental theory

— Fermi 1934: theory of weak interactions [n — pe~ 5]
(2 — 2) transition amplitude A o« GgE?
probability/ unitarity violation
pre-80s effective theory for E < 600 GeV

— Yukawa 1935: massive particles
Fermi’s theory for E < M
four fermions unitary for E > M: A « g?E?/(E? — M?)
unitarity violation in WW — WW
current effective theory for E < 1.2 TeV  (LHC energy!]
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fundamental scalar below TeV
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Standard Model effective theory

Building a fundamental theory

— Fermi 1934: theory of weak interactions [n — pe~ ¢l
(2 — 2) transition amplitude A o« GeE?
probability/ unitarity violation
pre-80s effective theory for E < 600 GeV

— Yukawa 1935: massive particles
Fermi’s theory for E < M
four fermions unitary for E > M: A « g?E?/(E? — M?)
unitarity violation in WW — WW
current effective theory for E < 1.2 TeV  [LHC energy!y

— Higgs 1964: spontaneous symmetry breaking
unitarity for massive W, Z
unitarity for massive fermions
fundamental scalar below TeV

— 't Hooft & Veltman 1971: renormalizability
forbidden 1/M couplings
theory valid to high energy
truly fundamental theory
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Experiment: how complete?

dark matter?  (wiMP miracle?]
quark mixing — flavor physics?
— neutrino masses and mixing?
matter—antimatter asymmetry?

— gauge coupling unification?
= large cut-off scale unavoidable

[new operators above 104 GeV?]
[see-saw at 1011 GeV?]

[universe mostly matter?]
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Experiment: how complete?

=

Theory: inconsistent Higgs sector

dark matter? wimp miracle?]

quark mixing — flavor physics?  new operators above 104 Gev?]
neutrino masses and mixing?  [see-sawat 10" Gev?]
matter—antimatter asymmetry?  {universe mostly matter?]
gauge coupling unification?

large cut-off scale unavoidable

quantum corrections to Higgs mass... [ataE < 1
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Experiment: how complete?

— dark matter? (wiMP miracle?]

— quark mixing — flavor physics?  new operators above 104 Gev?]
— neutrino masses and mixing?  [seesawat 101" Gev?]
matter—antimatter asymmetry?  [universe mostly matter?]

— gauge coupling unification?
= large cut-off scale unavoidable

Theory: inconsistent Higgs sector Ho Q
— quantum corrections to Higgs mass... i
g2 3 A2

Z —[mﬁ,+2mzw+m§—4mf]+-~-

2 2
mgy, — myg —
H M (4m)2 2 B,

— hierarchy problem — Higgs without stabilization incomplete
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Standard Model effective theory

Experiment: how complete?

— dark matter? wimp miracie?]
- quark mixing — flavor phySiCS? [new operators above 104 GeV?]
neutrino masses and mixing?  [see-sawat 10" Gev?]

matter—antimatter asymmetry? [universe mostly matter?]
— gauge coupling unification?
= large cut-off scale unavoidable

Theory: inconsistent Higgs sector H o Q
— quantum corrections to Higgs mass... N
2 # 3 N

2 2 2 2 2
m2 —s m? — Sl mAr2miy - me —AmP|
H H (472 2 [H w z r]

— hierarchy problem — Higgs without stabilization incomplete
— easy solution: counter term — but against idea of symmetries

— or new physics at TeV scale:  supersymmetry
extra dimensions
little Higgs
composite Higgs, TopColor
YourFavoriteNewPhysics...
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Standard Model effective theory

Experiment: how complete?

dark matter?  (wiMP miracle?]
quark mixing — flavor phySiCS? [new operators above 104 GeV?]

— neutrino masses and mixing?  [seesawat 101" Gev?]

matter—antimatter asymmetry? [universe mostly matter?]
— gauge coupling unification?
= large cut-off scale unavoidable

EXpectations for the LHC [Uli Baur's rule: always new physics at new scales]

— see light Higgs?
— see top partner?
— see dark—matter candidate?
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Setup

partner for each Standard Model particle

cancellation because of different spins

obviously broken by masses, mechanism unknown
— assume dark matter, stable lightest partner

= LHC: measure spectrum with missing energy
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Effective SM Setup w

Supersymmetry

partner for each Standard Model particle
cancellation because of different spins

LHC searches

Jets pl . .

=Pl by — obviously broken by masses, mechanism unknown
Fat jets .

P — assume dark matter, stable lightest partner

SEpEE = LHC: measure spectrum with missing energy

Particle spectrum

spin d.of.
fermion .fL’ .fR 172 1+1
— sfermion fi. fp 0 141
gluon G 1 n-2
— gluino g 1/2 2 Majorana
gauge bosons ~¥,Z 1 2+3
Higgs bosons hO, HO, A° 0 3
— neutralinos i? 12 4.2 dark matter
gauge bosons wE 1 .
Higgs bosons HE 0 2
— charginos )“(Ii 12 2-4
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Supersymmetry at the LHC
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Supersymmetry

Setup

=

partner for each Standard Model particle
cancellation because of different spins

obviously broken by masses, mechanism unknown
assume dark matter, stable lightest partner

LHC: measure spectrum with missing energy

Supersymmetry at the LHC

production of squarks and gluinos
cascade decay to DM candidate

beyond inclusive searches

lots of strongly interacting particles
general theme: try to survive QCD
rate prediction not cs /(4) ~ 0.01

(collinear) jets everywhere
better observables needed
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Supersymmetry " Q " {:}
Setup

— partner for each Standard Model particle
cancellation because of different spins

obviously broken by masses, mechanism unknown
— assume dark matter, stable lightest partner

= LHC: measure spectrum with missing energy

Supersymmetry at the LHC
— production of squarks and gluinos
cascade decay to DM candidate
— beyond inclusive searches
lots of strongly interacting particles
— general theme: try to survive QCD
— rate prediction not as/(47) ~ 0.01

(collinear) jets everywhere 10
better observables needed
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Supersymmetry

Setup

— partner for each Standard Model particle

— cancellation because of different spins

obviously broken by masses, mechanism unknown
— assume dark matter, stable lightest partner

= LHC: measure spectrum with missing energy

Some relativistic kinematics

— more than 107 squark—gluino events at 14 TeV

— all decays to hard jets, missing energy, (Ieptons)
example § — bb — Xzbb — utp bbx

— thresholds & edges [cambridge, ATLAS TDR]
m,'z,- = EiE; — |pil|pj| cos 6;
m2 m2 m2 n72
2

0<m <7
e m;

= masses from cascade decays — except for stops'

b b "
W “
= T
b% g
g X
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Effective SM First inclusive ATLAS searches [same for cMS]
ST 1 — one lepton, jets, pr Espb—1)

LHC searches

pr > 150 GeV, mgr > 500 GeV, pr > 0.25m

Jets plus p1 4 . i =~ .
— inclusive search, control regions, tf main background
at jets
) 00 MSUGRA/CMSSM: tanf =3, A =0, 50
HEPTopTagger g A‘TLAS ! L‘"‘s‘:;spb‘,\llﬂTeV ! . observed i 95% L]
i ] 1 lepton, =3 jets -~ - Median expected limit |
Stop pairs £ 350 ' Expected limit =10 ]
—— CMSjets (). 35 pb"
[y q
300 G0cen [ LeP27, B
) R Y S ]
250 £ .
200
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: First inclusive ATLAS searches [same for cM8]
Effective SM

Supersymmetry 1 — one lepton, jets, pr s~

LHC searches pr > 150 GeV, me > 500 GeV, pr > 0.25meq

Jets plus . . . .
7 inclusive search, control regions, tf main background
Fat jets MSUGRA/CMSSM: tanp =3, A =0, 150
P o B e e e e e e
HEPTopTagger 3 AS =5 po BT Tov — Observed it 95% CL]
_‘; 1 lepton, =3 jets -~ Median expected limit ]
Stop pairs £ 350 Expected limit <ta —]

—— CMSjets (a), 35 pb™" ]

o
&
8
il
il

absolutely useless: MSUGRA, CMSSM

scalars —mop  fermions — my > tri-scalar — Ay Higgs sector — sign(y:), tan 3

Ly =35 b3 =7 Tev

not a valid SUSY breaking scenario!
heavy gluino regime not covered!

m,, (GeV)

[gluino mass: line vs squark mass: ellipse]

physicists search for SUSY, not MSUGRA!
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First LHC searches

First inclusive ATLAS searches [same for cMS]
1 — one lepton, jets, pr B~

pr > 150 GeV, mgi > 500 GeV, p;r > 0.25M
inclusive search, control regions, tf main background
2 — jets, P71 lepton veto; 385 pb ]

e.g. pr; > 120,40, ... GeV, pr > 100 GeV, mr > > 300 GeV
different regions, W+jets and QCD main backgrounds

! 7
T
ATLAS  L"=35pb"\B=7 TeV  — Observed 95% C.L.imit

My, [GeV]
5
S

i

Expected mit 110 ]
—— cMsa, 35pbt 4
[ Y B
[ ee2f; e
[ ook -
[Joogauozin ]

. I COF G tang=s <0, 2 0"
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m, [GeV]
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First LHC searches

First inclusive ATLAS searches [same for cMS]
1 — one lepton, jets, pr B~

pr > 150 GeV, mgi > 500 GeV, /b_T > 0.25M¢
inclusive search, control regions, tt main background
2— jets, ﬁT [lepton veto; 35 pb™ 1]

e.g. pr; > 120,40, ... GeV, pr > 100 GeV, mr > > 300 GeV
different regions, W+jets and QCD main backgrounds

<2000 L A AR ARR AN ARRAT A Aane
K i | ATLAS U*-asppiverTev ]
1750 | 0lepton combined exclusion E
a | Observed 95% C.L. Imit 4
g | een Median expected imit ]
£ 1500 Expected it +10 B
ES [ ]
L yu|

| [ #NAL MSUGRAICMSSM, Run.
[] oo MsUGRAICHSSM, Run i
- [ coF MSUGRAICMSSM, Run
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First LHC searches

First inclusive ATLAS searches [same for cM8]

1 — one lepton, jets, pr @5pb— "]

pr > 150 GeV, mgi > 500 GeV, pl' > 0.25Mg

inclusive search, control regions, tf main background

2 - jets, ﬁT [lepton veto; 35 pb— 1]

e.g. pr; > 120,40, ... GeV, pr > 100 GeV, mr 2 > 300 GeV
different regions, W+jets and QCD main backgrounds

3 — stable squarks, gluinos (R hadrons; 34 po—1; Kilian, TP, Richardson, Schmidi]

massive muons, time of flight

trigger on pr > 40 GeV, QCD with detector fake main background

Cross-section [pb]

10°

o

.

T T T
R-hadron exclusion
CLs 95% C.L. limit
\5=7TeV de|=a4pb‘
E== Prediction § (NLO)
----- Prediction g (NLO)
—=— Upper limit 5
—— Upper limit §
—— Upper limit T

ATLAS

I |
200 300 400

I | I
500 600 700 800
Mass [GeV]
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First inclusive ATLAS searches [same for cM8]
Effective SM

Supersymmetry 1 — one lepton, jets, pr s~

£HG searches pr > 150 GeV, Mg > 500 GeV, pr > 0.25me

BRIy inclusive search, control regions, {t main background
Fat jets .
—_ . —1
e — 2 jetS, ﬂ)T [lepton veto; 35 pb— ']
Stop pairs e.g. pr.; > 120,40, ... GeV, pr > 100 GeV, mr » > 300 GeV
J ,

different regions, W+jets and QCD main backgrounds
3 — stable squarks, gluinos (R hadrons; 34 po—1; Kilian, TP, Richardson, Schmidi]

massive muons, time of flight
trigger on pr > 40 GeV, QCD with detector fake main background

4-— bijets, pr 5o~ ST proion Tt T o
. . . . g ,| et channel, 1-lepton, 2 jets —NoProspino. |
like inclusive with(out) leptons, add b tag € TF mi-wocevmgy-am) TN
tt main background g f "o ]
A ]
8
O 10 |
0k ATLAS fLm:sspb‘ NE=7TeV e
E ™, =180 GeV o E
10 E

, , L ,
200 450 500 550 600
my [GeV]
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First LHC searches

First inclusive ATLAS searches  (same for cms]
1 — one lepton, jets, pr B~
pr > 150 GeV, mgi > 500 GeV, IJI > 0.25M
inclusive search, control regions, tf main background
2 — jets, P71 lepton veto; 385 pb ]
e.g. pr; > 120,40, ... GeV, pr > 100 GeV, mr > > 300 GeV
different regions, W+jets and QCD main backgrounds
3 — stable squarks, gluinos (R hadrons; 34 pb™1; Kilian, TP, Richardson, Schmid]
massive muons, time of flight
trigger on pr > 40 GeV, QCD with detector fake main background
4— bjets, pr 3o~
like inclusive with(out) leptons, add b tag
tt main background
= many more analyses to come, please stay inclusive!
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B S Jet counting [Englert, TP, Schumann, Schichtel]
Supersymmetry — improved background understanding needed
LHE searches — DGLAP lecture: jet-inclusive
Jets plus pr SUSY analyses: jet-exclusive
Fat jets jet merging the key [Sherpa, Alpgen, MadEvent,..., including uncertainties]
A1 3PUSAEEET — ‘staircase scaling’ for QCD and W+jets with constant  (eiis, Kieiss, Stiriing]
Stop pairs [e'e] i

Tnt1 Z,’:o R Ron _% _p

I:? 5'n+1 _ _ —
6',7 O'n+0'n+1 Z}-):OORJ (1 7Fl7)0'n+Fl’O'n On

= magic R value helping understand mg

dN
(w100 Ge

[
[ seisica ucenany

pvariation  agvariation
o
W variation o, variation
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B S Jet countlng [Englert, TP, Schumann, Schichtel]
Supersymmetry — improved background understanding needed
LHE searches — DGLAP lecture: jet-inclusive
Jets plus pr SUSY analyses: jet-exclusive
Fat jets jet merging the key [Sherpa, Alpgen, MadEvent,..., including uncertainties]
HEPTopTagger — ‘staircase scaling’ for QCD and W-+jets with constant g, Keiss, Stiriing]
Stop pairs N [eS) j

P DY = Y Ron _omi_pg

6n  ontont> R (1 RontRon  on

= magic R value helping understand mgs

Autofocus into Megs VS Niets

— mass of heavy states from mg;  fiike ATLAS analyses]
color charge from Mjest  [no gluon decay]
— exclusive two-dimensional likelihood

SPSta, 1inverse fb SPS1a, squarks+squarks, 1inv. fo SPS1a, squarks+gluino, 1inv. fb
meyTeV) me(TeV)

SPS1a, gluino+gluino, 1 inv. fb
meyTeV)

T
[3.20]
1

mey(TeV)
T,
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Jets plus pr

Jet counting  [englert, TR, Schumann, Schichtel]

— improved background understanding needed
— DGLAP lecture: jet-inclusive
SUSY analyses: jet-exclusive
jet merging the key [Sherpa, Alpgen, MadEvent,..., including uncertainties]
— ‘staircase scaling’ for QCD and W-+jets with constant (etis, eiss, Stiriing]

B Onet _ I35 A _ Ron _ Il _p
~ 6n on+ onit E]O:oo R (1 —R)on+ Ron on

= magic R value helping understand mgg

Autofocus into Megs VS Niets
— mass of heavy states from Mg [iike ATLAS analyses]
color charge from Mjest  [no gluon decay]
— exclusive two-dimensional likelihood
= step towards studying inclusive signals
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Fat jets

Fat jets from boosted particles

1— collinear decay products

2—
3-—

Boosted particles at the LHC

1994
1994
2002
2006
2008
2008
2009
2010
2011

2010

improved mass reconstruction
signal combinatorics

boosted W — 2 jets from heavy Higgs iseymour
boosted t — 3 jetS [Seymour]
boosted W — 2 jets from Strong ww [YSplitter: Butterworth, Cox, Forshaw]

boosted t — 3 jets from resonances [agashe, Belyaev, Krupovnickas, Perez, Virzi]
boosted H — bB [Butterworth, Davison, Rubin, Salam]

boosted t — 3 jets from resonances (uH tagger: Kaplan, Rehermann, Schwartz, Tweedie]
boosted t — 3 jets in Higgs production [tr salam, Spannowsky]

boosted t — 3 jets from top partners (HEPTopTagger: TP, Spannowsky, Takeuchi, Zerwas]
boosted t — jév from top partners [HePTopTagger: TP, Spannowsky, Takeuchi]

first multi-author meta analysis rEVIEW [BOOST proceedings, Ed: Karagoz, Spannowsky, Vos]
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Jet Algorithms

Jets

— jet—parton duality < partons in the detector?
— algorithm to reconstruct parton 4-momentum

Different measures [tool: FASTJET]

— define jet—jet and jet—-beam distance {and resolution eyl

AR; .
Kt Vi = DU min (pr.i, Pr.j) Yis = pr.i
ARj
C/A Yi = DU yig =1
i AR; . 1 _
anti-kr  yj = DU min (PTLPTY}) YB = pr) -

= (1) find miniMum Yinin = Mink(Yki, Y«8)
(2a) if Ymin = Yk < Yeuw cOmbine k and /, go to (1)
(2b) if Ymin = YkB < Yeut remove k, go to (1)
(2¢) if Ymin > Yeur, done

— fat jets: allow for heavy constituents, use clustering history
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Higgs tagger

New strategy for VH, H — bb [Butterworth, Davison, Rubin, Salam]

desperately needed [2/3 of all light Higgses; impact Duhrssen & SFitter]
but killed by continuum Vbb background

S: large mypp, boost-dependent Ry,
B: large my,, only for large Ry,
S/B: go for large my, and small Ry, so boost Higgs

fat jet size Rbb ~1 Z 2mH/pT [like b tag for now]
qq — V,H sizeable in boosted regime [p; > 300 GeV, few % of total rate]
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Effective SM
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Jets plus p1
Fat jets
HEPTopTagger

Stop pairs

Higgs tagger

New strategy for VH, H — bb [Butterworth, Davison, Rubin, Salam]

- desperately needed [2/3 of all light Higgses; impact Duhrssen & SFitter]
but killed by continuum Vbb background
— S: large myy, boost-dependent Ry,

B: large my,, only for large Ry,
S/B: go for large my, and small Ry, so boost Higgs

— fat jet size Rbb ~1 Z 2mH/pT [like b tag for now]
— qq — VyH, sizeable in boosted regime (o1 > 300 GeV, few % of total rate]
= best performance: C/A algorithm

jet definition | os/fo | osffb | S/vVBso
C/A,R=1.2 0.57 0.51 4.4
ki,R=1.0 0.19 0.74 1.2
SISCone, R=0.8 | 049 | 133 2.3
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Higgs tagger

New strategy for VH, H — bb [Butterworth, Davison, Rubin, Salam]
- desperately needed [2/3 of all light Higgses; impact Diihrssen & SFitter] l !
but killed by continuum Vbb background A

— S:large myy, boost-dependent Ry,
B: large my,, only for large Ry
S/B: go for large mp, and small Ry, so boost Higgs

— fat ]et size Rbb ~1 2 2mH/pT [like b tag for now]
— gqq — VyH, sizeable in boosted regime (o1 > 300 GeV, few % of total rate]

= best performance: C/A algorithm

New strategy for {tH, H — bb (TP, Salam, Spannowsky]

oo [ dofdmgg [m/5 Gev] 1iH w—

— pp — tetyHp even harder than VH

— require tagged top and Higgs 04
trigger on lepton 0o b

— only continuum ¢tbb left
— i . s /dm b [ﬂ)/ﬂ Ge\"] (H -
combined C/A top and Higgs tagger 06 [ do/dmy /1 —

ttjj v ]
tThh NN




SUSY @ LHC

Top tagger

Tilman Plehn

Effective SM nghly boosted tOp quarks [Kaplan, Rehermann, Schwartz, Tweedie; Princeton, Seattle...]

Supersymmetry

- |dent|fy hadronic tOpS with PT z 250...800 GeV [isolation and b tag?]
— C/A algorithm with pr or mass drop criterion  Hopkins tagger, HEPTopTagger]

LHC searches

Jets plus p1 . . .
o — top mass included, no sidebins, no b tag
HEPTopTagger — ATLAS studies for semileptonic top pairs (adapted Y-spliter, full sim, ATLAS-2010-008]
Stop pairs
e P e e
£0.18| E go.2
g‘m, ATLAS Preliminary gc 18] ATLAS Preliminary g ATLAS Preliminary
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'%o ! ‘, éc 14 .é
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o = @ cl
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SUSY @ LHC Top tagger

Tilman Plehn

Effective SM nghly boosted tOp quarks [Kaplan, Rehermann, Schwartz, Tweedie; Princeton, Seattle...]

identify hadronic tops with pr = 250...800 GeV fisolation and b tag?]
C/A algorithm with pr or mass drop criterion  [Hopkins tagger, HEPTopTagger]
::SJ::S & top mass included, no sidebins, no b tag

ATLAS studies for semileptonic top pairs [adapted Y-spiiter, full sim, ATLAS-2010-008]

Supersymmetry

LHC searches

HEPTopTagger
Stop pairs
H EPTopTagger [TP, Salam, Spannowsky, Takeuchi]

— start with C/Ajet (r=1.5]

— uncluster one-by-one: j — ji + jo
1-unbalanced m;, > 0.8m; means QCD; discard j
2—soft m;, < 30 GeV means QCD; keep j;

— top decay kinematics in relevant substructures o
reconstruct my = 60...95 GeV gg
reconstruct m; = 150...200 GeV E
helicity angle cos 6; ;, or second mj;

— mass reconstruction w/ 2 QCD jets fitering]

L
15
arctan m,/m,,



SUSY @ LHC

Tilman Plehn

Effective SM
Supersymmetry
LHC searches
Jets plus p1
Fat jets
HEPTopTagger

Stop pairs

Top tagger

nghly boosted top quarks [Kaplan, Rehermann, Schwartz, Tweedie; Princeton, Seattle...]

identify hadronic tops with pr 2 250...800 GeV isolation and b tag?]

C/A algorithm with pr or mass drop criterion  [Hopkins tagger, HEPTopTagger]
top mass included, no sidebins, no b tag

ATLAS studies for semileptonic top pairs [adapted Y-spiiter, full sim, ATLAS-2010-008]

5

H EPTopTagger [TP, Salam, Spannowsky, Takeuchi]

— extend to low pr 2 250 GeV_
testable in Standard Model tt events

Number of tops
g,

=

108

10°E | L |
200 300 400 500 600




SUSY @ LHC

Tilman Plehn

Effective SM
Supersymmetry
LHC searches
Jets plus pr
Fat jets
HEPTopTagger

Stop pairs

Top tagger

nghly boosted top quarks [Kaplan, Rehermann, Schwartz, Tweedie; Princeton, Seattle...]

identify hadronic tops with py 2 250...800 GeV fisolation and btag?]

C/A algorithm with pr or mass drop criterion  [Hopkins tagger, HEPTopTagger]
top mass included, no sidebins, no b tag

ATLAS studies for semileptonic top pairs [adapted Y-spiiter, full sim, ATLAS-2010-008]

H EPTopTagger [TP, Salam, Spannowsky, Takeuchi]

DRy

— extend to low pr 2 250 GeV_
testable in Standard Model tt events

10?



SUSY @ LHC

Tilman Plehn

Effective SM
Supersymmetry
LHC searches
Jets plus p1
Fat jets
HEPTopTagger

Stop pairs

Top tagger

nghly boosted top quarks [Kaplan, Rehermann, Schwartz, Tweedie; Princeton, Seattle...]
|dent|fy hadronic tOpS with PT z 250...800 GeV [isolation and b tag?]
C/A algorithm with pr or mass drop criterion  [Hopkins tagger, HEPTopTagger]

top mass included, no sidebins, no b tag
ATLAS studies for semileptonic top pairs [adapted Y-spiiter, full sim, ATLAS-2010-008]

H EPTopTagger [TP, Salam, Spannowsky, Takeuchi]

il
2 T

Number of tops

— extend to low pr 2 250 GeV_
testable in Standard Model tt events

— momentum reconstruction for free

=3

10




SUSY @ LHC

Tilman Plehn

Effective SM
Supersymmetry
LHC searches
Jets plus p1
Fat jets
HEPTopTagger

Stop pairs

Top tagger

nghly boosted top quarks [Kaplan, Rehermann, Schwartz, Tweedie; Princeton, Seattle...]

top mass included, no sidebins, no b tag

H EPTopTagger [TP, Salam, Spannowsky, Takeuchi]
— extend to low pr 2 250 GeV_
testable in Standard Model tt events
— momentum reconstruction for free
— tested by ATLAS Heidelberg [kasieczka & schatzel]

Efficiencies

|dent|fy hadronic tOpS with PT z 250...800 GeV [isolation and b tag?]
C/A algorithm with pr or mass drop criterion  [Hopkins tagger, HEPTopTagger]

ATLAS studies for semileptonic top pairs [adapted Y-spiiter, full sim, ATLAS-2010-008]

tagged (unmatched)

5

00 600
p[GeV]



SUSY @ LHC
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Effective SM
Supersymmetry
LHC searches
Jets plus p1
Fat jets
HEPTopTagger

Stop pairs

Top tagger

nghly boosted tOp quarks [Kaplan, Rehermann, Schwartz, Tweedie; Princeton, Seattle...]

top mass included, no sidebins, no b tag

HEPTopTagger [TP, Salam, Spannowsky, Takeuchi]
- extend to low pr 2 250 GeV_
testable in Standard Model tt events
— momentum reconstruction for free
— tested by ATLAS Heidelberg [Kasieczka & Schatzel]

Eflicency

Rojoction

identify hadronic tops with pr = 250...800 GeV fisolation and b tag?]
C/A algorithm with pr or mass drop criterion  [Hopkins tagger, HEPTopTagger]

ATLAS studies for semileptonic top pairs [adapted Y-spiiter, full sim, ATLAS-2010-008]
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SUSY @ LHC Top tagger

Tilman Plehn

Effective SM nghly boosted tOp quarks [Kaplan, Rehermann, Schwartz, Tweedie; Princeton, Seattle...]

Supersymmetry

|dent|fy hadronic tOpS with PT z 250...800 GeV [isolation and b tag?]

LHC searches . . . .
C/A algorithm with pr or mass drop criterion  [Hopkins tagger, HEPTopTagger]

Jets plus p1 . ) )
Fat jets — top mass included, no sidebins, no b tag

HEPTopTagger — ATLAS studies for semileptonic top pairs (adapted Y-splitter, full sim, ATLAS-2010-008]
Stop pairs

H EPTopTagger [TP, Salam, Spannowsky, Takeuchi]

extend to low pr 2 250 GeV.
testable in Standard Model tt events

momentum reconstruction for free
tested by ATLAS Heidelberg [kasieczka & schatzel]

improvable through color activity  (Baryakthar, Hook, Janowiak, Wacker]

hadronic top like tagged b



SUSY @ LHC

Tilman Plehn

Effective SM
Supersymmetry
LHC searches
Jets plus p1
Fat jets
HEPTopTagger

Stop pairs

Stop pairs
Goal: stop pairs [TP, Spannowsky, Takeuchi, Zerwas] m< t
y
3 t
000>

— stop crucial for hierarchy problem [review: Morrissey, TP, Tait]
comparison to other top partners  Meade & Reece]

— dark matter means difficult semi-leptonic channel [possibly impossible]

— hadronic: H* — t)Z? T}Z? [CMS: leptons as spontaneous life guards; Meade & Reece overly optimistic]

events in 1o 1 He ft QCD  Wi+ijets Z+jets sS/B S/ \/510 1
me] GeV] 340 390 440 490 540 640 40

PT,j > 200GeV, £ velo|728 447 292 187 124 46[878502.4 - 107 1.6 - 10°  mal[3.0 - 107>

Er > 150 GeV 283 234 184 133 93 35| 22452.4 - 105 1710 2240|[1.2 - 103

first top tag 100 91 75 57 42 15| 743 7590 90  114f[1.2. 1072

second top tag 15124 11 84 63 23 32 129 57  14|8.3. 1072

btag 87 74 63 50 38 14| 19 26 <02<0.05 040 59
mo, > 250 GeV 43 5049423212 42 <06 <01<0.03]| 088 6.1




SUSY @ LHC
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Effective SM
Supersymmetry
LHC searches
Jets plus p1
Fat jets
HEPTopTagger
Stop pairs

Stop pairs

Goal: StOp pairs [TP, Spannowsky, Takeuchi, Zerwas]

— stop crucial for hierarchy problem [review: Morrissey, TP, Tait]
comparison to other top partners  Meade & Reece]

— stop mass from myo endpoint [like sleptons or sbottoms]

a0y - <L

v

m»g;j_%

— dark matter means difficult semi-leptonic channel [possibly impossible]

— hadronic: H* — ti? T}Z? [CMS: leptons as spontaneous life guards; Meade & Reece overly optimistic]

!
mra(My) = min [max mT‘/(qj;mX)] < my
pr=a1+a L J
— hadronic search as easy as bb + Er s
]
8
T804
=y
IS
02~

M%.~98 GeV

Mgo,=340 GeV

stop

My=540 GeV

i

, L. T
300 400 500 600
My [GeV]



Stop pairs

Leptonic tag [Thaler & Wang; Rehermann & Tweedie; TP, Spannowsky, Takeuchi]

— measured: b and £ momenta
unknown: 3-momentum of neutrino

— W and t mass constraints
third parameter elsewhere
do not use measured pr vector



SUSY@LHe —  Stop pairs

Tilman Plehn

Effective SM Leptonic tag [Thaler & Wang; Rehermann & Tweedie; TP, Spannowsky, Takeuchi]

Supersymmetry — measured: b and £ momenta

WroEzarEizs unknown: 3-momentum of neutrino

BB — W and t mass constraints

IS third parameter elsewhere

HEPTopTagger do not use measured pr vector

Stop pairs — neutrino coordinates
leading in b — £ direction
SUb'Ieading inb—¢ decay plane [orthogonal approx pH =
sub-leading orthogonal to decay plane [decay plance approx p;- = 0]

components (p,,, L)

p= 200 - 300 GeV




SUSY @ LHC
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Effective SM
Supersymmetry
LHC searches
Jets plus p1
Fat jets
HEPTopTagger

Stop pairs

Stop pairs

Leptonic tag [Thaler & Wang; Rehermann & Tweedie; TP, Spannowsky, Takeuchi]

measured: b and £ momenta

unknown: 3-momentum of neutrino

W and t mass constraints

third parameter elsewhere

do not use measured pr vector

neutrino coordinates

leading in b — £ direction

SUb'Ieading inb—¢ decay plane [orthogonal approx p,‘,‘ =0]
sub-leading orthogonal to decay plane [decay plance approx p;- = 0]
semileptonic top partners at LHC:

‘At the LHC, combinatorics make it unlikely that we will be able to observe
stop pair production with a decay to a semileptonic top pair and missing
energy.

[TP, Spannowsky, Takeuchi, Zerwas]



SUSY @ LHC
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Effective SM
Supersymmetry
LHC searches
Jets plus p1
Fat jets
HEPTopTagger

Stop pairs

Stop pairs

Leptonic tag [Thaler & Wang; Rehermann & Tweedie; TP, Spannowsky, Takeuchi]

measured: b and £ momenta
unknown: 3-momentum of neutrino

W and t mass constraints

third parameter elsewhere

do not use measured pr vector

neutrino coordinates

leading in b — £ direction

SUb'Ieading inb—¢ decay plane [orthogonal approx p,‘,‘ =0]
sub-leading orthogonal to decay plane [decay plance approx p;- = 0]
semileptonic top partners at LHC:

‘At the LHC, combinatorics make it unlikely that we will be able to observe
stop pair production with a decay to a semileptonic top pair and missing
energy.

[TP, Spannowsky, Takeuchi, Zerwas]

wrong!
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Effective SM
Supersymmetry
LHC searches
Jets plus p1
Fat jets
HEPTopTagger
Stop pairs

Stop pairs

Leptonic tag [Thaler & Wang; Rehermann & Tweedie; TP, Spannowsky, Takeuchi]

measured: b and £ momenta
unknown: 3-momentum of neutrino

W and t mass constraints
third parameter elsewhere
do not use measured pr vector

neutrino coordinates

leading in b — ¢ direction

sub-leading in b — ¢ decay plane [orthogonal approx pll = 0]
sub-leading orthogonal to decay plane [decay plance approx p- = 0]
semileptonic top partners at LHC:

use approximate A®(pr, pr)

o504
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o
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SUSY @ LHC

Tilman Plehn

Effective SM
Supersymmetry
LHC searches
Jets plus p1
Fat jets
HEPTopTagger

Stop pairs

Stop pairs

measured: b and £ momenta
unknown: 3-momentum of neutrino

W and t mass constraints
third parameter elsewhere
do not use measured pr vector

neutrino coordinates

leading in b — £ direction

sub-leading in b — ¢ decay plane
sub-leading orthogonal to decay plane

semileptonic top partners at LHC:
use approximate A®(pr, pr)
top partner decays observable

Leptonic tag [Thaler & Wang; Rehermann & Tweedie; TP, Spannowsky, Takeuchi]

[orthogonal approx p;, =

0]

[decay plance approx pL} =0]

orthogonal approximation

decay plane approximation

2 11* ff W+jets| S/B| 2 r1* {f W+ijets| S/B

m[ GeV] 340 440 540 640 440[[ 340 440 540 640 440
1-5. basecuts  [27.38 13.71 6.33 2.89|642.72 _ 2.63|0.021

6. approximation  [14.81 7.69 3.61 1.66/285.16  1.41(0.027||27.33 13.67 6.31 2.89(642.37  2.630.021

7. peTSt > 200GeV| 8.61 4.532.411.24[215.62 0.60[0.021|| 9.13 5.16 2.87 1.61[242.21  0.54(0.021

097 1.521.230.76| 0.72 0.02| 2.06|| 1.22 1.821.531.02| 1.31 0.06| 1.33

8. pT vs. A cut




SUSY @ LHC
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Effective SM
Supersymmetry
LHC searches
Jets plus p1
Fat jets
HEPTopTagger

Stop pairs

Supersymmetry at the LHC

New physics at the TeV scale

— there is physics beyond our Standard Model
— Higgs and new physics the same question

Supersymmetry well studied

— solves the hierarchy problem
— easily explains dark matter
— exciting LHC analyses

Timely phenomenology

— inclusive searches essentially sorted

— improved analysis tools?

— new channels?
= help LHC to find and measure whatever...



susvetHc —  whatever there is

Tilman Plehn

Effective SM my = 150 C}eV, 8z’ = 0.25 ‘
Supersymmetry 1ol CDF 4.3 fb! —]~ CDF data ]
LHC searches [] CDFEMC
Jets pus pr M| MG/Delphes
E2tjos E 100k ) [ Z signal
HEPTopTagger f
Stop pairs ‘:;;

i

50 100 150 200
Dijet invariant mass m;j (GeV)
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Effective SM
Supersymmetry
LHC searches
Jets plus p1
Fat jets
HEPTopTagger

Stop pairs

New physics at the LHC
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[arXiv:0912.3259, Morrissey, TP, Tait]
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