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et Effective Standard Model in the LHC era

Tiiman Plehn :
Expectations from the LHC
Signals
— — find light Higgs
Masses — find new physics stabilizing Higgs mass [new stronglv interacting partictes]
Missing energ — dream of producing dark—matter candidate [missing energy]
e Particle theory and new physSiCS [recentty iaceliea ‘inverse croblem ]

— LHC and modeis too compiex for model—independent analyses

— test testable hypotheses [moceis ana simuiations]
discrete hypotheses: spins.....
continuous hypotheses: masses....

— link to Planck. direct detection. g — 2}L5 ..- [Hooper TP ‘“aiinotio: Altunkavnak et af]
— reconstruct TeVV—scale Lagrangian 18
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Fmencea:  Effective Standard Model in the LHC era

Timan Flehn .
Expectations from the LHC
Signals
—r— — find light Higgs
Masses — find new physics stabilizing Higgs mass [new stronglv interacting partictes]
Missing energ — dream of producing dark—matter candidate [missing energy]
e Particle theory and new physiCcS [recenty 'aceliea ‘inverse croblem]

— LHC and models too complex for model—independent analyses

— test testable hypotheses [moasis ana simuiatons]
discrete hypotheses: spins.....
continuous hypotheses: masses....

— link to Planck. direct detection. (g — 2}“- ... [Hooper TP “/aiinotio; Altunkavnak ef af]
— reconstruct TeVV—scale Lagrangian

- e
AR T & BN
E
oo : ; E G iobE o8 —5 SR tE. B35 V5. 158 £
LHC means winning by luminosity =
3 -]
— beyond inclusive searches g
lots of strongly interacting particles E
cascade studies with DM candidate L - S
— but hard to survive QCD F = e
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TevV—Scale Physics i
. 'Signals and QCD
Tiiman Plenn
LHC (and Tevatron) searches CDF Run l Preliminary L=1.11

B obasrved 3R CL
== aigg ISRFIR aysl Inc

Signals

me— SEDECTED E5H T

'::-(

— new particles strongly interacting

dark—matter weakly interacting Moo s e
signature: jets + missing energy + X -

— SUSY: colored g — 2 jets while g — 1 jet Zowt

— ADD: graviton means missing energy with jets =

— QCD: plenty additional jets
not suppressed by as & [cofiinear logs]
even possible new—physics trigger

= need to understand jets in signals o lead
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[ == Signals and QCD

Timan Plehn
LHC (and Tevatron) searches
Signals
- — new particles strongly interacting
e dark—matter weakly interacting
B signature: jets + missing energy + X
— SUSY: colored g — 2 jets while g — 1 jet
- — — ADD: graviton means missing energy with jets
— QCD: plenty additional jets — = e
not suppressed by cic 7 [cotinear ogs] — TS a—
even possible new—physics trigger ™4 fya ZW 47
T i _:'I: ::'E' G E'
— need to understand jets In signais ' ,_:r - 100 GeV [TP Rainwater. Skands
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et Signals and QCD
Timan Plehn

LHC (and Tevatron) searches
Signals
“aa— — new particles strongly interacting
dark—matter weakly interacting
signhature: jets + missing energy + X

Spins — SUSY: colored g — 2 jets while g — 1 jet
—— — ADD: graviton means missing energy with jets

— QCD: plenty additional jets
not suppressed by ais 7  [eotlinear iogs]
even possible new—physics trigger

= need to understand jets in signals

Jets in final state

— high—p7 jets: hard matrix elements
low—p T jets: parton shower
combination for multi—jet signals: CKKW. MLM [Catami. Krauss. Kuhn. ‘Webber: Mangano]

— signal: single hard scale. no nasty cuts
— merging available in Alpgen. Sherpa. Madevent [amai Le Lsand. Wacker]
— jets with new physics fun and easy
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preseme=  Signals and QCD
Timan Plehn

LHC (and Tevatron) searches
Signals
— — new particles strongly interacting
dark—matter weakly interacting
sighature: jets + missing energy + X

Spins — SUSY: colored g — 2 jets while g — 1 jet
F—— — ADD: graviton means missing energy with jets

— QCD: plenty additional jets
not suppressed by as T [colinear iogs]
even possible new—physics trigger

— need to understand jets in signals

Jets in final state

— high—p+ jets: hard matrix elements
low—p+ jets: parton shower
combination for muiti—jet signals: CKKW. MLM

— signal: single hard scale. no nasty cuts

— merging available in Alpgen. Sherpa. Madevent [amai. Le Lsani. Wacker]
— jets with new physics fun and easy
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e saemee= Backgrounds and QCD

Timan Plehn
Backgrounds and jets
Backgrounds — simulate W+jets or Z+jets or tf+jets or whatever
| =S extrapolate background region into signal region ac cuts. many scales]
Missing energ — parton shower: collinear jets not good approximation
— merging: valid over entire p+ range
Parameters leading—order error on each channel [aas asi* =12 =2.1

— higher orders: renormalization/factorization scale dependence reduced
only fixed hard final state

[Freftas. Skanas. Spira. Zerwas]
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et Backgrounds and QCD

Timan Plehn
Backgrounds and jets
Backgrounds — simulate W+jets or Z+jets or tf+jets or whatever
- extrapolate background region into signal region [bac cuts. many scales
Missing energ — parton shower: collinear jets not good approximation
— merging: valid over entire p+- range
Parameters leading—order error on each channel [aas asi® =128 = 2.1

— higher orders: renormalization/factorization scale dependence reduced
only fixed hard final state

[Freftas. Skanas. Spira. Zerwas]
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levSaePysis  Backgrounds and QCD

Timan Plehn
Backgrounds and jets
Backgrounds — simulate W+jets or Z+jets or tf+jets or whatever
- extrapolate background region into signal region [bac cuts. many scaies
Missing energ — parton shower: collinear jets not good approximation
B — merging: valid over entire p+- range
Parameters leading—order error on each channel [aas asi® = 1.2t = 2.1

— higher orders: renormalization/factorization scale dependence reduced
only fixed hard final state

Jets and loops

— signal: easy 2 — 2 processes [Frospino?] _;5
— backgrounds: 2 — 3.4 state of the art =
pp — tt+jel [Ditmaier Uwer Weinner

pp — WWW  [Hankeie et al: Binoth et al Lazopoules et al] 225’ |

pp — ttbb on way [Bregenswein Denner. Dittmaier. Pozzorini]

el

— recent application: 0g. {1
NNLO e™e™ — 3 jets in as measurement [cehrmann-De Ridder Gehrmann. Glover, Heinrich]

— jets in backgrounds tough. boring, but impressive progress
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Masses from cascades

b : ‘
: 2
Cascade decays [Atias-TDR. Cambridge] v — B
— if new particles strongly interacting _}-}_ff"’f' 2 i
and LSP weakly interacting 3
— tDUQhZ cuunting events [oniv i totally unavoidabie]
better: cascade kinematics (10”7 102 events
— long chain § — bb — 9bb — pu+u—bby?
— thresholds & edges s - e B — B
0<nmr,, < —2
A m- m:-
— new-—physics mass spectrum from cascade kinematics
m(i1) (Gl i) (G lagn) m(qll)
5 B PR E ‘ E"—/
E — ; _._I'l L . g_—-v"' ?I — L _E—L/::I_L
~miGeV]  TiGeV] nIGev] T TiGe
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TevV—Scale Physics

in the L HC Era
Timan Plehn
L_i:_]r-l
Backg d
Mas=es
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Masses from cascades

Cascade decays [Atias TDR. Cambrdgel

— if new particles strongly interacting
and LSP weakly interacting

— tough: counting events [oniv  totaiiv unavoidasie]

better: cascade kinematics o’ 108 evenrs
— long chain § — bb — 9bb — T~ bbd
— thresholds & edges s =
Qe &—=
(a1 ===

— new—physics mass spectrum from cascade kinematics

Waiting to be tested in LHC environment

u
b
A
i § .-}
' i gl -
§ & o
| i _f‘—_ —— -
e 4 i = i
2 S i - hg
:\--3". o = LK .
2

= edge for “II%I ff: M+ 2(x1s2) = MiN.o- max; My ;{\1sp. ) < My, [Lester Summers 99]

— madifications to M+ > shape for .

o |

— kinks in MT.Z for @’Q etCc [choetal saretalor]

— event—pair likelihood analysis for g + X

— mass—space extrema for v91? pacsra

th et ai 07]

— event pair equations for §; §;° [Mcerath et al 0]

— hybrid methods for ﬁ';_é£ MNeiin. Boissatio.

L

ovey O7F]

\5 [Ross Sema 07]

[Kawagoe. Noiin. Poleselio 04]
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Tev—Scale Physi
ey Masses from cascades :

b u
Timan Plehn i i
Cascade decays [aAtas-TDR. Cambridgel 7 e e ?
L — if new particles strongly interacting &5 b 2 g ®
and LSP weakly interacting 3
Masses
Mis —— — tough: counting events [oniv i totaiiv unavoidacie]

n better: cascade kinematics 107 102 evens
| — — long chain § — bb — 9bb — uFu—bb<§
— thresholds & edges m '

— new-—physics mass spectrum from cascade kinematics

Gluino dE—'CE}I’ [Gjeisten. Miller. Osiand]

— all decay jets b quarks [omemwise deac oy QCD]

[ i o
— gluino mass to ~ 1% m,
— but why physical masses? I T ]

Pirsa: 08060028
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Missing energy

Detector effects and missing energy

— electrons and muons fine

jets harder. but still possible
missing energy all cells

[£ peak calibration. 300/200000 ATLAS calorimeter cefis]

— bad runs: check number and distribution of Z...
coherent noise: many cells with correlated noise during event...

bad cells: individual continuously hot cells...

— typical smearing: 0.5\ £Er > 20 GeV

global corrections to individual events

missing energy in early data???

[calibration of energy scales. dead matter]

Yasing T nBNITIZaR ¥

E e S T e s o s et Saliin o 0
ot =i Bl L=
| Sdr EveReTnTy
15" 1 S ey T A
= St 33 S CWRE T¥E W) S
E
E.
10 -
- =
!F
L
L b
1 "
S
S
= S50 oa I=0 22 : =0 o

Miz=ing |
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Missing energy

Detector effects and missing energy

— electrons and muons fine [Z peak calibration. 500/200000 ATLAS calorimeter calis]
jets harder, but still possible
missing energy all cells

— bad runs: check number and distribution of Z...
coherent noise: many cells with correlated noise during event...
bad cells: individual continuously hot cells...

— typical smearing: 0.5 £Er > 20 GeV
global corrections to individual events

[cafibration of energy scales. asad matter]

— missing energy in early data??7? [Saer Srosper Summy]

Simuiation of missing energy

g™
= __ Snefa ME_—3
— physics background W Z-+ jets L — ShemaME,, .~
I
— gauge boson recoiling against jets e E W
— sensitive to jet simulation s = ‘-‘—55::}&
+ range between collinear and hard jets £ F i
parton shower vs. merging  [schumann (Sherpai] S F i
— missing energy really means QCD e1l __"‘_—.J;Z:w_q
. Il_ I | e I
0 Pageur L
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Spins from between endpoints

Gluinos: strongly interacting Majorana fermions

— LHC: first jet (g or g) fixes lepton charge
— same-—sign dileptons in 30% of events
— similar: t-channel gluino in pp — qq
— gluino = like—sign dileptons in SUSY sample

[Barger...

Bameti ... Baer._. ]

: & 7
S IARAAREE 7 S S
- f ; 1:-:'""
| 4 %
LL
. 5
g e s . N
lllll L] = 4 d _1-\.\___.‘_ T
4 3 Y
i # ke
i LL
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Spins from between endpoints

Gluinos: strongly interacting Majorana fermions

— LHC: first jet (g or q) fixes lepton charge

— same—sign dileptons in 30% of events

— similar: t-channel gluino in pp — gq

= gluingo = like—sign dileptons in SUSY sample

Loop hole: gluino is Majorana if fermion

— use mass—measurement cascade

[Gieisien. Miller. Osiand]

now look for physics between the endpoints

— new physics is hypothesis testing

[Barr, Lester. Smiilie. Webber]

[Barger..... Barnett ..

Dacr. .
: 8 ¥ 7
LI L Cd ) Ty :__\-w'\-\.\:;
w 5 - 5l
3 _ A
1]
E 3 E
.7‘-’-\:\{"’”" ._11-\.\__.. '
4 - Y
5 i ..t
i L
E u
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fev-saePysces  Spins from between endpoints

Timan Plehn . _ : _ .
Gluinos: strongly interacting Majorana fermions (sarger.  samett . Baer. |
Signals z 0 - § X
S— — LHC: first jet (g or g) fixes lepton charge i TR S~ iy
' 4 N
Masses — same—sign dileptans in 50% of events ' U
Missing energ — similar: t-channel giuino in pp — gg
ol ; 3 = . - ? -EL .IE_
e — gluino = like—sign dileptons in SUSY sample PPPAPIRA — 4— A AR A S AR
Parameiers L 9 \.J:‘}h““‘
A [T .

Loop hole: gluino is Majorana if fermion

— use mass—measurement cascade [ciesten Miler Osiand] F CFTTTTTTTTTTTTTTTT
now look for physics between the endpoints . '

— new physics is hypothesis testing [sar Lester. Smilie. wesber® 5

drig Al |
:1 =
"
i

— ‘'dluino’ a boson: universal extra dimensions B E ,ﬁm
compare SUSY with KK g. b. Z. . ~  [Anes Eboii. 7] - o
— gluino = fermion with like-sign dileptons R L

— ‘gluino’ composite: little Higgs
compare SUSY with decays to top [Gregoire. atz

— gluino = fermion decaying via correct cascades

Pirsa: 08060028
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in theLHC Era

Timan Plehn

Pirsa: 08060028

Spins from between endpoints

Asymmetries [Cambridge group: Alves. Eboli, TP]

— remember: spins mean angular correlations :
‘invariant angles= m,, m%*= =sin#,2

gt 3 15 E —_— Zome= i -

— squark: production asymmetry pp — ¢ §* +g : | — ==t

_x.-.:ji_._.jﬂjf_} ': —-

( Fie B < g =
Almie) = , : O S-SR i A
T a(jfr) + a(it—) T e

— gluino: decay asymmetry b vs. b " -

gilBt ) — -7[5}_]

AlmM, ) = — — R
' a(bt—) +~o(bi—)

— stable w.r.t production channels and cuts

unstable w.rt model details [use to measure: Hagiwara. Kim. Mawatan, Zerwas]

— 3-body decays [cCsaki Heinonen Pereistein]
— more general decay analysis wang vavini
— LHC only as good as understood hypotheses

Page 21/32



TevV—Scale Physics
in the LHC Era

Timan Plehn

Pirsa: 08060028

From kinematics to weak—scale parameters

Probability maps of new physics

Underlying parameters

parameters: weak-scale Lagrangian

measurements: edges. branching fractions. rates....
flavor. dark matter. electroweak constraints....

errors: general correlation. statistics & systematics & theory
problem in grid: huge phase space. no local maximum?

problem in fit: domain walls. no global maximum?
problem in interpretation: bad ocbservables. secondary maxima?

fully exclusive likelihood map p(d|m) over m

[hard part]

[Fitino; SHiter Lafave, TP. Rauch, Zerwas]

[fat theory ermorsi]

[Baliz . Roszwowski . Allanacn, - Ellis.___; SFitter]

LHC problem: remove poaor directions [ea. endpoints or gark matter vs rates]

Bayesian: p(m|d) ~ p(d|m) p(m) with theorists” bias p(m)

frequentist: bestitting point max,; p(d|m)

[Mavor]

LHC era: (1) compute high-dimensional map p(d|m)
(2) find and rank local maxima in p(d|m)
(3) Bayesian—frequentist dance to reduce dimensions

[cosmology, SSM]
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revsaePmsis  Underlying parameters
Timan Plehn

From kinematics to weak—scale parameters [Fin

T

— parameters: weak-scale Lagrangian

Masse — measurements: edges. branching fractions. rates....
| - flavor. dark matter. electroweak constraints....
— errors: general correlation. statistics & systematics & theory (fat theorv emorsy
Fromm—cien — problem in grid: huge phase space. no local maximum?
problem in fit: domain walls. no global maximum?

probiem In interpretanon: bad abservables, EECCI"de'.."‘;; maxima ¢

MSUGRA as of today [aanacn Cranmer Lesisr weber

— ‘Which is the most likely parameter point?’
— 'How does dark matter annihilate/couple?

Pirsa: 08060028 Page 23/32



fevrsaetvses  Underlying parameters
Tiiman Plehn

MSSM map from LHC (sps1a

=

[ A]

= shiﬁing to 19D parameter space [wiing gnds. Minuit. laptop—sivie fits. ]
— SFitter output #1: fully exclusive likelihood map
SFitter output #2: ranked list of local maxima
— six local maxima. unknown sign( u ). believe—hased tan J from m;

Parameters

[profiie fikefthood] P
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revsaePwsis  Underlying parameters
Tiiman Plehn

MSSM map from LHC (=sps1al

Backgrounds — shifting to 19D parameter space [iiing grids. Minuit. [aptop—stvle fits...]

Masses — SFitter output #1: fully exclusive likelihcod map
Missing energ SFitter output #2: ranked list of local maxima

— siX local maxima. unknown sign( ). believe—based tan 7 from m;

[lefi- Bavesian — night iKelihood]

el 70006
2e07 2.004
= edrt _'i"_ 1 = oo} ]
Z=a7 L | g qgez b [ } -
rear BILI(IE. |k ! aaar b ([ i il
i} ] :m__ilﬁt ainMifi i annia: i Ll |-|T|I_‘1 ‘Lhw.ﬂ'l‘rr—-—

- - —ry arin -

LM Al

A R
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e et Underlying parameters

Tiiman Plehn
) MSSM map from LHC (gps1al
Backgrounds = shiﬁing to 1SD parameter SpAaCe€ [iiing grids. Minuit. laptop-—stvie fits. ]
Masses — SFitter output #1: fully exclusive likelihood map
Missing energ SFitter output #2: ranked list of local maxima
ppIns — SiX local maxima. unknown sign( ). believe—based tan 7 from my,
Parameiers

= no golden approach to BSM statistics

MSSM map beyond LHC

— LHC rates: tan J from heavy Higgs tough (kinnunen Lenti, Moortgat. Nikitenko. Spira]
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TevV—Scale Physics
in the L HC Era

Timan Plehn

Pirsa: 08060028

Underlying parameters

MSSM map from LHC [sps1a

— shifting to 19D parameter space

[kailing grids. Minuit. |aptop—sivie fits_.]

— SFitter output #1: fully exclusive likelihood map
SFitter output #2: ranked list of local maxima

— siX local maxima. unknown sign( . ). believe—based tan 7 from m,

MSSM map beyond LHC

— LHC rates: tan 7 from heavy Higgs tough
(1) use current precisionon (g — 2),, ~ tan >

— strongly correlated and promising

no goilden approach to BSM statistics

[Kinnunen

| &

[SFifter — Alexanaer. Kreiss]

hti, Moortgat, Nikitenko. Spira]

LEC LHC (g — 2) SPS1a
tan o3 10.0+ 4.5 103+ 2 10.0
A 102 1+ 78 1027+ 59 103.1
A 1833+ 73 193 24+ 58 192.5
M SI7.2+ 45 57824+ 121 577.5
A - 123.24 5.5 94 04 5.8 194 4
'-.,. 2 13500 83 135 5+ - 135 8
ll_-_.:1l 125.0+ .3 8 5.3 35.8
Mia 48144+ 220 48561+ 224 20.8
. 501.74 17.9 49624+ 193 5025
R
A= 524 5+ 45 52554+ 106 526.5
'-}_:; T RS 7 64 a8 5081
M A 406 3-1L(107) 111.1L0010%) 364 %
L 15054 14.5 35254+ 108 353.7

Fadye Z77152
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Underlying parameters

MSSM map from LHC (spsial

— shifting to 19D parameter space

— SFitter output #1: fully exclusive likelihnood map
SFitter output #2: ranked list of local maxima

— siX local maxima. unknown sign( . ). believe—based tan 7 from m;

— no golden approcach to BSM statistics

MSSM map beyond LHC

— LHC rates: tan J from heavy Higgs tough
(1) use current precisionon (g — 2),, ~ tan >

— strongly correiated and promising

(2) use BR(Bs — 1) with stop—chargino sectar

— efror on fg,. means ratios?

[Defla Morte. Det Debbio: SFitter + Jager. Spannowsky]

[Kinnunen

[killing grids. Minuit. |aptop—sivle fits._ ]

[SFifter — Alexanaer. Kreiss]

[Hisano. Kawagoe. Naojiri]

Lehti, Moorigat. Nikitenko. Spirg]

no theory emor

true best SfTor best error
tan 9 | 30 22.5 2.4 29.5 6.5
Wa 344 3 S 4 338 344 3 a1z
W 1017 100.5 16.3 100.9 5.4
Mo 1220 200.3 18.9 2003 18.8
A 586.4 5758 288 575.8 28.7
" | 3458 3255 2056 3256 20.6
Mz 4300 4004 T9.5 3553 79.3

- I Fdye Zo/54
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Underlying parameters

MSSM map from LHC (seps1al

— shifting to 19D parameter space [iing grids. Minuit. laptop—styie fits.. ]

— SFitter output #1: fully exclusive likelihcod map
SFitter output #2: ranked list of local maxima

— six local maxima. unknown sign( u ). believe—based tan 7 from my
— no golden approach to BSM statistics

MSSM map beyond LHC

— LHC rates: tan 5 from heavy Higgs tough [kinnunen. Lehii, Mocrigat. Nikitenko, Spira]

(1) use current precision on (g — 2). ~ tan 7 [Sritter - Alexanaer. Kreiss]
— strongly correlated and promising

(2) use BR(BS — pefe) with stop—chargino seclor [Hisanc. Kawagoe. Noiiri]
— €{Tor on ng means ratios? ‘Delia Morme. Det Debbio: SFitter + Jager. Spannowsky]

001 H_
Renormalization group bottom—up  [seitter « «neun 0.008 | ¥
— scale-invariant sum ruies? [conen Schmaz i i
— UV completion. unification. GUT? 0o0a T
.y b 0.002 |
— means | can retire happily g 2932
2 4 6 8 10 12 14 16



TevV—Scale Physics
in the L HC Era

Timan Plehn

Pirsa: 08060028

Underlying parameters

MSSM map from LHC (zps1al

— shifting to 19D parameter space [wiing grids. Minuit. laptop—sivie fits... ]

— SFitter output #1: fully exclusive likelihnood map

SFitter output #2: ranked list of local maxima
— siX local maxima. unknown sign( . ). believe—based tan 7 from m,

— no golden approcach to BSM statistics

MSSM map beyond LHC

— LHC rates: tan 3 from heavy Higgs tough

(1) use current precisionon (g —2),, ~ tan 3

— strongly correlated and promising
(2) use BR(B:

— ef{rar on fE__,: means ratios? Defia Morme. De! Debbio: SFitter - Jager Spannowsky]

1) with stop—chargino sectar

[SFifter — Alexanaer. Kreiss]

[Hisano. Kawagoe. Naojiri]

[Kinnunen. Lehii, Moorigat. Nikitenko. Spira]

! no theory error ABR /BR = 15%

true best efToT best efror

tan 3 | 30 29.5 3.4 29.5 6.5
M a 344 3 F44.4 338 3443 312
My | 101.7 100.% 16.3 180.9 5.4
L4 | 1520 200.3 189 2003 18.8
'..fi_', 586 4 5708 28.5 5758 28.7
w 3458 3255 205 3256 205
M= 4300 400 .4 3.5 35535 79.4

Fore |
Fage sU/SZ




feesakrYss  Underlying parameters

Timan Plehn
MSSM map from LHC  (sps1al
E = — shifting to 19D parameter space [iing grids. Minuit. laptop-sivie fits.. ]
lasses — SFitter output #1: fully exclusive likelihood map
R SFitter output #2: ranked list of local maxima
Spins — six local maxima. unknown sign(u ). believe—based tan 7 from my,
Parameters — no golden approach to BSM statistics

MSSM map beyond LHC

— LHC rates: tan 5 from heavy Higgs tough [kinnunen. Lehii. Mocrigat. Nikitenko. Spira]

(1) use current precision on (g — 2). ~ tan 7 [Srtter - Alexanger. Kreiss]

— strongly correlated and promising

(2) use BR(Bs — 1) with stop—chargino sector [Hisanc. Kawagoe Noiiri]

— €Tor on ng means ratios? Defia Morme. Det Debbio: SFitter — Jager. Spannowsky]

2.01
Renormalization group bottom—up  (ssiter + <neur 0.008
— scale-invariant sum ruies? [conen schmaiz = 0008
— UV compiletion. unification. GUT? L
0.002

— means | can retire happily

Pirsa: 08060028
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== New physics at the LHC

Timan Plehn
Understanding the TeV scale in a few easy steps
Backgrounds (1) look for solid new—physics signals [Missing energy?]
Masses (2) avoid getting killed by QCD  [no excusesi
il (3) measure weak—scale Lagrangian [ignD parameter spaces
i (4) combine with everything we know
Parameters

(3) determine fundamental physics
(6) do not get focled by peaple cny talking about SUSY
— LHC more than a discovery machinel —
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