5] = I L]

% Early Bird Physics at the
g | ~ Large Hadron Collider

e L - -
x "'I_._ --l-l=l -

DESY, Hamburg -
April 20, April 27, Mai 4

14:30, Sem 2

Peter Schleper
Institute for Exp. Physics
Hamburg University



Lecture 1 Lecture 2 Lecture 3
® Motivation ®* Experiments ¢* SUSY
® LHC & Experiments ¢* SUSY ® Outlook: SLHC
® Cross Sections
® Higgs

No comprehensive overview
m Selected topics
B Experimental issues
B Focus on first 3 years of data taking
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In detail:
CMS / ATLAS TDRs

Reviews:

GENERAL-PURPOSE DETECTORS FOR THE LARGE HADRON COLLIDER
Daniel Froidevaux and Paris Sphicas

Annu. Rev. Nucl. Part. Sci. 2006. 56:375-440

TASI 2004 Lecture Notes on Higgs Boson Physics
Laura Reina, hep-ph/0512377

Weak Scale Supersymmetry
H.Baer, X. Tata, Cambridge University Press

Supersymmetry facing experiment
L. Pape, D.Treille, Rep. Prog. Phys. 69 (2006) 2843-3067

Supersymmetry at LHC
G.Ridolfi, F. Gianotti, CERN academic lectures, 2003
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The Standard-Modell

lokale Eichtheorien
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d s b ; ) :)- Wechselwirkungen
Meszonen: T, K.... Py W
Baryonen: p.n....

17 particles, 26 constants
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The Standard Model

Theory Experiment
®* U(1) x SU(2) x (SU(3) ¢ AlIll (?) data correctly described
®* Local gauge field theory, EWSB ® Consistent picture of all
® Renormalizable interactions below 200 Ge
®* Free of anomalies - Outstanding success of the SM

® Predictive power:
*W, Z, top, Higgs
® running of couplings

®* Higgs particle not discovered
® No experimental confirmation

of EWSB

® Arbitraryness:

* Construction principle ® Cosmology: Dark Matter, Dark Energy

® 17 particles, 26 constants
® Incomplete: Tension between

* Limited at High Energies (>1 TeV)  experiment and theory

® Hierarchy problem, M,, - Time for a decisive experiment:
- GUT, SUSY, Gravity, ... LHC

—>SUSY: M,, Mg,; Dark matter
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LHC motivation

Principal Goals (J. Ellis)

®* Explore a new energy / distance scale
resolution 10-""m

®* Look for ‘the’ Higgs boson
Standard Model Higgs / SUSY Higgs

®* Look for supersymmetry / extra dimensions, ...

® Find something the theorists did not expect
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The LHC accelerator

History

* Planned and build since ~ 1985 F Proton.P:
* Collisions 2007/08 — 2015 ? “ edptron Runz

10

Energie [tX

Design
® Proton-Proton at sqgrt(s) = 14 TeV
® Luminosityupto L =103 cm2s-
- per year L. = 100 fb-

- goal: L... = 300 fb-
Tevatron: now: 2.5 fb-1, until 2009: 8 fb-1

kironen

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1950 1960 1970 2010 2020
Jahr

Experiments

® ATLAS and CMS (+LHC-B, ALICE)
® ~ 3000 scientists / experiment

Milestone for particle physics
® high expectations - high risk
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The Large Hadron Collider (LHC)

e 26.6 km circumference
* 8 T magnets
« 2835*2835 bunches

« 10" protons / bunch
e Bunch separation:
25 ns (f = 40 MHZ)
7.5 m
e Bunch: 7.5cm ¢16 um 16 uym
e Luminosity L = 1034 cm2s-!

nn,
4royoy

» Total cross section
Ot = 1023 nb
« Interaction rate at full
luminosity: 10°/s
- Overlay of 25 pp interactions
within one bunch crossing
- 1600 charged particles
- very high demand on detectors
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LHC plans

1 fb-1 = 120 effective days @ L ~ 1032 cm=2s-!

L~5x10% 2.5x 1031 4 x 1032

A

»ld
L

Stage | > 1]

Hardware Machine
commissioning checkout

7TeV 7TeV

25ns ops | Shutdown

Beam

1 033

A

A 4

2009 1

Machine
Shutdown checkout
7TeV

Beam
setup

25ns ops | Shutdown

No beam Beam
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LHC plans

Startup
® Most major components available (?)
® No major problems seen so far
¢® 30 Aug 07 Beam-pipe closed
® Nov 2007 Pilot run at 900 GeV
® June 2008 Collisions at 14 TeV

Prospects for Luminosity

Low Luminosity period Slow startup of luminosity expected
* 2008 1 fb~ * Experiments prepare for

° 2009 5 fb early physics program

® 2010 10 fb-1 ® Much less reduced problems with
High Luminosity period overlay events

® >2011 100 fb-' per year
@L= 103%cm2s-
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THE ATLAS EXPERIMIESETET

Muon Detectors Electromagnetic Calorimeters - Diameter ~25 m
‘ _ - - Weight ~7000 t
= Inner (traCk|ng) DeteCtOF <olenoid Fd - 108 Channels (event ~2MB)

- calorimeters (energies)
- muon detectors

¢ijj L vam

- Barrel: solenoid around ID and L
Barrdg Shielding

toroid fields in muon System ironic Calorimeters
- Endcaps: toroid fields
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36 Nations, 159 Institutions, 1940 Scientists (February 2003)

TRACKER
;g‘gﬁgﬁ?%ﬁ‘q.rﬂ Austria, Belgium, Finland, France, Germany,

[taly, Japan®, New Zealand, Swuzerland LK, USA

CRYSTAL ECAL

Belarus, Chma, Croata, Cyprus, France, Kaly, Japan®,
Portugal, Russia, Serbia, Switzerland, UK, USA

Ausina, Finland, France, Gresce,
Hungary, Kaly, Korea, Poland,
Portugal, Switzerland, UK, LUSA

PRESHOWER

Armania, Belarus, Greace, India,
Russia, Taipei, Uzbekistan

RETURN YOKE

Barrel: Czech Rep., Estonia, Germany, Greece, Russia
Endcap:; Japan®, USA, Brazil

SUPERCONDUCTING
MAGNET

Al countries in CMS contribute
to Magnet financing in partieulnr:
Finlond, Frunce, ltaly, Jopan®,
Korea, Switzerland, USA

\ FORWARD
' CALORIMETER

Hungary, Iran, Russia, Turkey, USA

HCAL

. Barrel: Bulgaria, India, Spain®, USA MUON CHAMBERS
Total WEIv_ghT. £ 12500 T Endcap: E!Elarus, Bulga?;, Russia, Ukraine Bamel: Awstria, Bulgaria, China, Germany,
Overall diameter 15.0m HO: India Hungary, Italy, Spain,
Owverall length 215 m Endcap: Belarus, Bulgania, China, #* Onity through
Magnetic field -4 Tesla Korea, Pakistan, Russia, USA industrial confracts
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CMS Experiment Status

ket Loy
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Experiment Status

CMS: mounted on surface

* lowered central part February 28th ,

« 2007: without ECAL endcap and pixels
« 2008: complete detector

ATLAS: mounted in cavern

« 2007: almost complete
(TRT, muon)

« 2008 complete detector

Both: reduced trigger/DAQ
capabilities initially
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CMS Higgs Simulation

H—ZZ —e*ee'e (M, =150 GeV)

H > ZZ - eeee
i M, =150 GeV

o

¢ Large magnetic field
® Low momentum tracks
® vanish through beam pipe
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Simulation of event in the CMS detector: Low luminosity

his Detector and Event

File Lights Clips Anims Viewpoints Misc Physics Events

Dalty
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H-> ZZ* > eteu*w H - vy
(my = 130 GeV, L=10% cm2s) (my = 130 GeV, L=10%2cm2s)

AlLLAD Barrel

H—2ZZ = e‘e';l‘;.l' (m, = 130 GeV) CMS

: - F

Hard interaction simultaneously
with 24 other interactions
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Supersymmetry event simulation

SUSY event: Squark production
® ETmiss = 360 GeV
® ETjet =330, 140, 60 GeV

Calorimeter energies

Ty
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Cross sections

Factorization

|
W o= / dx; dxy fi(x1, ) fi(x2, ) 6
«iP ij 7Y

= | A N
C e e (Fe) () e
i

dL; 1 1
] i ~ = — S, ) i, )+ (1 < 2)].
Parton Luminosity Gdy s 145, Lfi Cers ) f Geay ) + (€ )]
Partonic cross section §d;; =102...20
R T7) S — P =L : gg > bb, tt
S O‘IJ; ; Qq—+q9 g —gy.q9a’ <99 9q—qq S O—rij [F
o o > bb, tt
- a2 10-2;[ a4
I q9>q'q '
0% 104 5w lqq> WW
' z ‘-'§rrev; ! 10 TeV ’ ’ 4~"§(Tev; 8 mBIecture April/May 2007 19



Higher order calculations

Example: Higgs production process

N, i (NL© {wishlist})

NNLO pp — V V4 jet

pp — H + 2 jets
pp — tt bb

Vs = 14 TeV

& MRST2001 pdfs i

I‘Ilh,fz = Iod = Emh

pp — tt + 2 jets
DI VVbb

pp — V'V 4+ 2 jets
pp — V 4 3 jets
pp— VVV

c [pb]

0 XN O W
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Parton Luminosity

Parton Lumi Ratio LHC / Tevatron

lDlﬂ [ I|||| I I I|IIII| I I I|IIII lﬂ'ﬂﬂ'ﬂ_ T T || |||| T T || T T |II”E|

~.LHC ° qg
° g9
° qq

1000 ©

100 £

Il JJIII.I|.

L

10 =

.HIJ|

=
dL/ds [LHC] / dL/ds [Tevatron]|

S

Tevatron \|  \
||||\'. 1 "l\"'" 1 — L IJl.l-l-I.J L IJ|.I.I-I. 1 J.|I.I..I.IJ

0.05 0.10 0.50 1.00 5.00 10.00 0.01 0.05 0.10 0.50 1.00 5.00 10.00
Sqrt(s) [TeV] Sqrt(s) [TeV]

LHC / Tevatron: factor 40 forgg> H @ M,=120 GeV
factor 10000 for gg> XX @ M,=0.5TeV
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Parton densities

xf

H1+ZEUS
1 TTT T T T TTTTT T |||||||| T |||||||| T T TTTTT
L 2
Q" = 10 GeV?>
L — ZEUS-JETS (prel.) 94-({)
0.8 [ ] total uncert.
H1 PDF 2{dM}
| [ | exp. uncert.
0.6 L [ total uncert.
04 -
0.2 -
xS (< 0.05)
“IIII Ll Ll L1
107 107 1072 10t 1
X

®* HERA data has major impact on LHC (x > 10-3)

A

Q" (GeV)

= (M/14 TeV) exp(ty)

107 10°

® extrapolation to large Q2 (M2) for LHC

w® 10t 1’

x 103

10 10" 10"
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Fractional uncertainty of dL/d§

|

2.0

Uncertainty on Parton Luminosity

1.5

Integrated over y

O
O

1.0

0.5

0.0

0.01

0.05 0.10 0.50 1.00
Sqrt(s) [TeV]

®* 5-10% errorup to 2 TeV

5.0010.00

Fractional uncertainty of dL/ds

2.0

15 —

Integrated over y

1.0 WMM

05 —

0.0
0.01

0.05 0.10 0.50 1.00 5.0010.00
Sqrt(s) [TeV]

® No precision for gg processes above ~ 3 TeV
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Cross Sections

10" AL I 10° 108 Events per sec
10° = : 10° @1033 cm—2s1
10’ Teva:tron T.HC o’
10° : Lo°
10° o°
° ' -.1000 jets /s (ET>100)
10° 0° '8
2 jn‘;ZOOW/S 50 2% /s
Lo o =
‘.é 10" 10" E
°e 9" %1 ttbar /s
10" 0" & . .
- . ©1 Higgs /min M,;=150 GeV
10 10~
10° k 10?

< @ Huge event rates for
Standard Model processes
10° o Jets >>W, Z, t, H

Sy (M,, = 150 GeV)

(M, = 500 GeV)

GH.

E
10 E n:sjEﬂl:ETjE'1 = s/4)

[ Ll i IIIII‘ 1 “I IIIIH Liil
5 5
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® Required in the SM for mass terms for all fermions and bosons
¢ All interactions known: couplings ~ mass
®* Not predicted: M,

Discovery
®* Reveal the first scalar particle in nature

¢® Complete the SM
® Symmetry + spont. symmetry breaking
® Would lead the path to physics beyond the SM

- Primary goal of LHC
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Higgs constraints

Electroweak precision meas.: LEP-I final + LEP-II prel.

M,,, and M,;: new results from Tevatron (Mar 07)

W-Boson Mass [GeV] Top-Quark Mass [GeV]

TEVATRON 80.429 + 0.039 CDF 1701 + 2.2
LEP2 80.376 + 0.033 DY 172.0+ 24
Average 80.398 + 0.025 Average 1709+ 1.8
¥*/DoF:1.1 /1 ¥¥DoF:9.2/ 10
NuTeV —A— 80.136 + 0.084 LEP1/SLD 1726 ° 182
LEP1/SLD : 80.363 + 0.032 s
LEP1/SLD/my/Ty 178.9 7 117
LEF’USLD/mt - 80.360 + 0.020
— ——— 140 160 I 200
80 80.2 80.4 80.6 m
t
my, [GeV]
M,, = 80.398 £ 0.025 GeV/c? Mtop =170.9 *1.8 GeV/c2
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Higgs mass constraints

Measurement Fit  |omea_Qfff/gmeas

LEP: e*e > .... e

m, [GeV] 91.1875+0.0021 91.1875
I'; [GeV] 2.4952 £0.0023  2.4957

Precision test of the SM

preliminary Gpog[Nbl  41.5400.037  41.477
R 20.767 £0.025 20.744
4 1' ZO |—3 Ay 0.01714 +0.00095 0.01645
105 1) A(P) 0.1465+0.0032  0.1481
e a’c = O R, 0.21629 £ 0.00066 0.21586
e’'e —»e e qgq
. e o'a —qq(y) F{gb 0.1721 £0.0030 0.1722
107 ]l » o'e i (r) Ay 0.0992 £0.0016  0.1038
=) Y . AZ° 0.0707 £0.0035  0.0742
- — A, 0.923 £ 0.020 0.935
= .
510 "-*...._“ A, 0.670 = 0.027 0.668
‘g : A(SLD) 0.1513 £ 0.0021 0.1481
- W+W- sin®'(Q,) 0.2324+0.0012  0.2314
w al my, [GeV] 80.398 £ 0.025 80.374
o 10 w
6 Iy [GeV] 2.140 = 0.060 2.091
m, [GeV] 1709+1.8 171.3
1 - 20 Z0 0 1 2 3
: tpit{ ] Alle data consistent with the SM
-1 l . .
10 —Hz f‘\ if M, exists at low masses
8C 100 120 140 160 180 200 (Theoretical bounds: next lecture)

Vs (GeV) G
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Higgs Mass Constraints

direkt search ete-> ZH
" MH > 114,5 GeV

LEP / Tevatron indirect
" M, =76 (+33 -24) GeV (exp., 68%C.L.)
" M, <144 GeV (95% C.L.)
" M, <188 GeV (95% C.L., incl. direct search)

et

mum: 144 GeV

1 —LEP1 and SLD
80.5 1 ——LEP2 and Tevatron (prel.)

68% CL

(5)
Al =

—0.02758+0.00035 [f :

----- 0.02749+0.00012 {f &

; 4 «ss incl. low Q° data —
@ |

© 804 = 8- .
g ]

= o |

80.3- 1- : :

4 0 1 Excluded \& / Preliminary

150 175 200 30 100 300

m, [GeV] m,, [GeV]
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Higgs production at LHC

q t.b g~ th
700000 e "%&Tm "
g 9999 g
H J ib g S ib
t,X >=—--mm—
e T b g éﬁk\ tb
2 G000 [~ 2
S
g 0000 ——1b g(é} %—*— ib

I T T T I T T
C agipp—H+X) [pb]
10k ' 3
3 V= 14 TeV 3
M, = 175 GeV
0 CTEQ6M
| E_ hy : -
lD—l i "'h: . ':_I_':_], _}Hw =
1072 . T m__H — _ i
3 ~ T T, _.gg,qq—}Htt
107 L TTellTeell o
qq—HZ = - -
10'4 1 ] 1 ] 1 ] ] | 1 ] 1 ] 1 ] ] | ] 1 ]
0 200 400 G600 200 1000



Higgs Branching Ratios

0.1

0.01

0.001

0.0001

= L B s | P ——

e - —]
= _ =

= B - — —

- B e -

- B =
———n - —

EE S = = = =vree = = = = e
B e T = el |
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New CMS results

Fully detailed simulation and analysis

H->vy Event
8000 [
600

- - H=2>7vyy
8 S w0
5 & |
= 6000 = |
g g zm:
§ 5000 2
2 £
['H] [F]
& &

4000

110 120 130 140
myy (GeV)

2-Photon Invariant Mass

ECAL Design-energy Resolution:
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H - gamma + gamma

B | | | | | Hilggs MH=440 GeV 61(10)

[ Higgs M =130 GeV (x10)
[ Higgs M, ;=120 GeV (x10)
Higgs M, =115 GeV (x10)
] ee Drell Yan

(1 jets py,, = 50 GeV

] y+jets (1 prompt v + 1 fake)
] y+jets (2 prompt v)
[ yv box

1 yv born

N
=]
o

Events/GeV
on
]
=

8

o

o
III|IIII

300 =

aRBOBEAR
LLLLLLLLLL
..........

=
T
T
! 1
bbb bbb Tk b i
:!00 [y Ry iy e oy T gy Ty gy gy T g gy Ty g
B L e L A L L L
- 3 L L L L L b L h b L b !
T o L A T R L
L LT

100

160 170 180

M _(GeV)
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The golden channel

Higgs - 4 leptons

CMS
r :l I I I I | I I I I | I I I I | I I I I I I I I I I I |:
3 0.45:— (b) * H—-77* e _J_!._.:FH|gg5 signal =
o 04r¢ S tiosZbb =
O o350 \ =i .
e VY \ -
= - . ]
e 0.3— e —
— -
E 0.25:— \ =
Z o02F \i : —
0 g it .
T 015 P E
0.1 N RN —
- e -
L = e SR ]
0.05 bt UL LR ]
- NN e ! e L
M e e : - : > . e e e
0 50 100 150 200 250 300 350

m,, [GeV/cz]
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Higgs - 4 leptons

% 30_ I T 1 |. I o | I T T | 1T T T | I T I _|
I p |
< 25— —
- [ my =140 GeV  _
82 1 [ ]my=200GeV |
o 201 [ ]my=250GeV
Lﬁ B my, =350 GeV ]
- m, =450 GeV

15— 7 -
Zob

5 .

P00 200 300 400 500 600
m,, [GeV]
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Higgs discovery potential

|I—D ' ] 8 T T T
= 1] 1 - CMS, 30 fb” -
~7 '. RS CMS i V) y
o oA = AN e
= T AS ~
g III f;"J- | ‘ bg}) 1 0 i EfB\ I;_h I'-I II. \\A —
| A ' T i N, _
T 10 n /i‘ | | f}f B .m\ o /{ | ;l \.{ N
b hd I".I [ '|J| /! . .rL Ny -'I I| I.'I III\' % \
:é i Vo / . - o .\a IR *’° —— H—yycuts .
5 I i . x| —=—Hoyyopt
w I —— H—yy cuts . SR —— H=zZ-4]
o N w1l —s— H-WW-22v
E III [ = H_}ql" ¥ opt - \ . N
£ 1= 1 | —— H=Z7—4l — | qqH, H_}WW_-}MJ
3 v W2l . —e— qgH, H—-tt—l+jet
i —_— . E —— qgH, H-yy
100 200 300 400 500 6?0 1|0C' 200 300 400 500 6200
M, GeV/c M, GeV/c

® Early discovery (2008!) possible, if MH ~ 160-170 GeV
®* 10 sigma significance after 4 years

- Standard Model Higgs discovery is unavoidable
if LHC and Experiments function as expected
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Higgs mass measurement

EE T T T
= CMS, 30 fb”’ I
= i
I
= 1F E
{j i ]
HERY /N e | Major step for particle
IR NG 001 B physics
f —e Hoyy 1 Highly relevant also
e HoZZ 4l i for SUSY
. - See next lecture
10—2 | | |
100 200 300 400 500 600
M,,GeV/c
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END lecture 1
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Lecture 1 Lecture 2 Lecture 3
® Motivation ®* Experiments ¢* SUSY
® LHC & Experiments ¢* SUSY ® Other exotics
® Cross Sections ® Outlook: SLHC
® Higgs

No comprehensive overview
m Selected topics
B Experimental issues
B Focus on first 3 years of data taking
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Cross sections

Factorization

|
W o= / dx; dxy fi(x1, ) fi(x2, ) 6
«iP ij 7Y

= | A N
C e e (Fe) () e
i

dL; 1 1
] i ~ = — S, ) i, )+ (1 < 2)].
Parton Luminosity Gdy s 145, Lfi Cers ) f Geay ) + (€ )]
Partonic cross section §d;; =102...20
R T7) S — P =L : gg > bb, tt
S O‘IJ; ; Qq—+q9 g —gy.q9a’ <99 9q—qq S O—rij [F
o o > bb, tt
- a2 10-2;[ a4
I q9>q'q '
0% 104 5w lqq> WW
' z ‘-'§rrev; ! 10 TeV ’ ’ 4~"§(Tev; 8 mBIecture April/May 2007 40



Parton Luminosity

Parton Lumi Ratio LHC / Tevatron

lDlﬂ [ I|||| I I I|IIII| I I I|IIII lﬂ'ﬂﬂ'ﬂ_ T T || |||| T T || T T |II”E|

~.LHC ° qg
° g9
° qq

1000 ©

100 £

Il JJIII.I|.

L

10 =

.HIJ|

=
dL/ds [LHC] / dL/ds [Tevatron]|

S

Tevatron \|  \
||||\'. 1 "l\"'" 1 — L IJl.l-l-I.J L IJ|.I.I-I. 1 J.|I.I..I.IJ

0.05 0.10 0.50 1.00 5.00 10.00 0.01 0.05 0.10 0.50 1.00 5.00 10.00
Sqrt(s) [TeV] Sqrt(s) [TeV]

LHC / Tevatron: factor 40 forgg> H @ M,=120 GeV
factor 10000 for gg> XX @ M,=0.5TeV
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Cross Sections

10" AL I 10° 108 Events per sec
10° = : 10° @1033 cm—2s1
10’ Teva:tron T.HC o’
10° : Lo°
10° o°
° ' -.1000 jets /s (ET>100)
10° 0° '8
2 jn‘;ZOOW/S 50 2% /s
Lo o =
‘.é 10" 10" E
°e 9" %1 ttbar /s
10" 0" & . .
- . ©1 Higgs /min M,;=150 GeV
10 10~
10° k 10?

< @ Huge event rates for
Standard Model processes
10° o Jets >>W, Z, t, H

Sy (M,, = 150 GeV)

(M, = 500 GeV)

GH.

E
10 E n:sjEﬂl:ETjE'1 = s/4)

[ Ll i IIIII‘ 1 “I IIIIH Liil
5 5
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Higgs discovery potential

“a [ ] & ' P
A= . — CMS, 30 fb 3
= | CMS S Al P
-
) P IE ) ]
5 10} N A1 \ N
LE : | .,url;llr'—m\lg L III.' |I ."II |
E — | ] N a": ,""‘; Y I'. \‘a\ —e— H—yy cuts i
= | Il s | e H—yy opt
- a e - [P i
"? W/— EEVOR -, —— H=ZZ—4l 7
o | B s i ey || —— HeWwo2i2y
= i SRR _ \ * | —— qgH, H=WW—hij|
g 1 —— H-=>ZZ-4 = —e— qgH, H-tt—l+jet
—l Fo RS —a— HoWW—212y ] —+— qgH. H—yy
s ESEEEER ! ! | ] ! ! .
100 200 300 400 500 600 Yoo 200 300 400 500600
M, GeV/c M,.GeV/c

® Early discovery (2008!) possible, if M, ~ 160-170 GeV
®* 10 sigma significance after 4 years

- Standard Model Higgs discovery is unavoidable
if LHC and Experiments function as expected
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LHC Event rates

Expectations Events Events per
for 2008 1032 em-2 s-! 1 fb’
QCD jets 150 /sec 1.5 x 10°
E;>100 GeV
W—-puv 2 /sec 2 x 107
Z— 0.2 /sec 2 x 106
tt 0.1 /sec 106
Higgs
M, =125 GeV, | 340 /day 4 x 104
200 GeV 115 /day 1.5 x 104
gluino-gluino | 0.8 — 8 /day | 102? to 103
M, uino = 1 TeV

ET=40 GeV: jets/leptons = 10°

d'oldndE,  (nb/TeV)

QCD jet crosssection

10° T T T T
10* E _

3 QCD-LO, p=E_ 2
—  CTEQ4M

10" E
E -~ CTEQ4HJ
102 é_ ------- MRST

10!

10°

107

10~
10~
107
107 X
Ws= 1.8 TeV "a Ws=14TeV

10° 3
107 Tevatron
]_O_S 1 1 1 1 | 1 1 'l L I 1 L L 1 I 'l 1 L L 1 L 1 1

0 1 2 3 4 5

1 E, (TeV) 5
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Simulation of event in the CMS detector: Low luminosity

his Detector and Event

File Lights Clips Anims Viewpoints Misc Physics Events

Dalty
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EM Calorimeter,

CMS Detector

CALORIMETERS

o/E =~ 3%NE(GeV) ® 0.5% illatng  ECAL HCAL Plastic scintillator/brass

TRACKER

o/p; = 1.5 x10* p; @ 0.005

Silicon Microstny
Pixels

Total weight - 12,500 t

Overall diameter - 15 n
COrverall length - 21.6 m
Magnetic field - 4 Tesla

Muon Spectrometer,

PbWO4 crystals sandwich
Hadron Calorimeter,

o/E = 100% / VE(GeV) ® 5%

IRON YOKE

s . <

* Tracking (|n|<2.5, B=4T) : Si pixels and strips

MUON B - Calorimetry (|n|<5) :
S — EM : PbWO, crystals
mit lube -- HAD: brass-scintillator {central+ end-cap),

Chamb
= | Fe-Quartz (fwd)

* Muon Spectrometer (|n|<2.5) : return yoke of
solenoid instrumented with muon chambers

o/p; = 5% at 1 TeV/c (from Tracker)

Peter Schleper SFB lecture April/May 2007
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A Toroidal LHC Apparatus (ATLAS) DETECTOR

Precision Muon Spectrometer,

EM Calorimeters, 6/E ~ 10%/NE(GeV) ® 0.7% olp; ~10% at 1 TeVic

excellent electron/photon identification Fast response for trigger

Good E resolution (e.g., H—Yy) Good p resolution

(e.g., AlZ’ > pu, H— 4p)

Full coverage for |n|<2.5

/ﬂatector characteristics

Width: 44m 0
Diameter: 22m Hadron Calorimeters,

[ Weight: 7000t
o/E =~ 50% / VE(GeV) ® 3%

Good jet and E; miss performance

Muon Detectors Electromagnetic Calorimeters

CERM AC - ATLAS V1997

Solenoid

Forwg#d Calorimeters
! End Cap Toroid

(e.g., H ->11)

Inner Detector:

Si Pixel and strips (SCT) &
Transition radiation tracker (TRT)
o/p; = 5 %104 p; @ 0.001

Good impact parameter res.

e \
Wy
Ll

=l /. P

y'd

W— - e S S T o(d,)=15um@20GeV (e.g. H — bb)

Hadronic Calorimeters

Magnets: solenoid (Inner Detector) 2T, air-core toroids (Muon Spectrometer) ~0.5T

35
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ATLAS coils
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ATLAS CMS
Air-core toroids + solenoid in inner cavity Solenoid
MAGNET (S)| Calorimeters outside field Calorimeters inside field
4 magnets 1 magnet
S1 pixels + strips S1 pixels + strips
TRACKER | [RD B=4T
B=2T 6/py ~ 1.5x10"* p1(Gev) @ 0.003
o/pp ~ 5x10* p(GeVv) @ 0.01
Pb-liquid argon PbWO, crystals
EM CALO 6/E ~ 10%/~NE O/ ~ 3-5%NE
good longitudinal segmentation oood lateral seementation
Fe-scint. + Cu-liquid argon (10 A) :
HAD CALO | 5/E - 50%ME @ 0.03 B/rgss'if)lg; /ﬁESé; g g(;awher)
+ ... om R '
MUON Air = o/pr~T7%at1 TeV Fe = o/py ~5% at 1 TeV

standalone

combining with tracker
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Detector Acceptance

Acceptance n Central (Barrel) Forward (Endcap)
Tracking <15 <24

Elektrons <1.2 <25

Hadrons <1.2 <25 =25

Myons <1.2 <25
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Pile-up and Underlying Events

Overlay of events from different processes at large luminosity

Pile — up in time
® From different bunch crossings (25 ns)
® Challenge for fast detector response & signal shapes
B typical response times achieved are 20-50 ns (!)
B remaining effect is small

Pile — up in space
® From interactions of up to 25 protons from each bunch
®* Up to 1600 low PT particles, close to IP: 108 particles /cm?/s
B High granularity> large number of channels
ATLAS: 100 million pixels,
200000 cells in electr. calorimeter

B 0.k. for muons, electrons, photons
B Pedestal of energy within jets

momentum cut of at 0.5 .. 1 GeV against minimum bias events

Vertexing to remove pile-up from minimum bias events ?
B Quality of measurements depends on instantaneous luminosity

Underlying event
* From several parton-parton interactions within the same grafon

er SFB lecture April/May 2007
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Underlying event

< Nopg » - trénsverse region

® Models, no firm QCD predictions
® Large extrapol. uncertainties

<!

—
=

- =
a.lll]lllllll]lllllll

o

ba

from Tevatron

Multiple Parton Interactions

Proton

Underlying Event

Outgoing Parton

Number of charged tracks outside region of hard jet(s)

| & PYTHIAG LM - ATLAE LEE prediefion
- B FHOJETILIL
| o PYTHIAS LI - {DF oo A
o TTF dda
s ot 4

i

*:Nehs > - tranzverse regicn

En S

—
=

& JIAME 4N - Tooing A
m JIAME 4D - Toddng B

& TDFdat

LEC praaxiion

F, yamrg g1 (GEV)

1)

from R. Field

Outgoing Parton

AntiProton

Underlying Event

Outgoing Parton

per unit area in eta-phi:
® <Nch>~1-2
® <PTch>~1-2 GeV
® Fluctuations ?

Needs to be measured
in early data

Peter Schleper SFB lecture April/May 2007
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Detector properties

CMS tracking + muon

e

CMS Ecal

June 1999

Tower 14 (2080)

MNoise = 190 MeV
- - Runs 29569-30442

Aplp

<1.0F
0.0<n<0.2

6/ (%

CMS
(crystals)

05

e Full system
® Muon system only
>Inner Tracker only

o/E = 3.3%/E @ 0.27%

0.0"

10'3 | IIIIII| | IIIIII| | IIIIII| S % g % % é
10 10? 10° 0000 E (GeV)
p[GeV/c]
Tracking ATLAS | CMS 2 -
o 8
op; for p;=1GeV n=0 1.3% | 0.7% ;‘“’ 2
:
op; for p;=100GeV 1n=0 3.8% 1.5% 8 o % .
Transverse oci.p. for p;=1GeV 75um 90um Z oo a
Longitunal ci.p. for p;=1GeV 150um | 125um e MGM
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pr [GalVio] m

2
Ficure 11  Illustration of the b-tagging performance expected for the CMS tracker using a
combined impact parameter and secondary vertexing algorithm. The performance is shown
for a fixed b-jet tagging efficiency of 30% as a function of the initial parton transverse
momentum for |n| < 2.4 (left) and as a function of the jet pseudorapidity n for mnitial parton
transverse momenta between S0 and 80 GeV (right). The vertical axis indicates the probability
for misidentifyving samples of ¢ jets (rrangles), gluon jets (stars), and hght-quark jets (circles)
as b jets.
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Hadron calorimeters

CMS 2-jet invariant mass ATLAS ETmiss resolution

8 | ' "

e T . - Curve: 0.48 VIE;

2 ! E

Q | C

S | &%

% 0_ Ll __ 915:—
] L

El 1 R

S | i o

E" 051 QCF’ lum=1fb" i B

— — Excited Quark ; 5

h I . liet nl<1 i C

i E6 Diquark
1~"7000 2000 3000 2000 5000 %0 dm 600 a0 1000 1200 140 1600 1600

Dijet Mass (GeV) SE, (GeV)

ETmiss: in QCD events:
dominated by jet resolution, acceptance losses, underlying event
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SM monitor processes and

detector monitoring

[ Myon System } [ Tracking } [ Elec.-Cal } [ Hadr.-Cal }
N 7

A AT
LN/

Jets, ET} { ETmiss}

/)

Standard Modell Processes:

« calibration and efficiencies of detector components
» background for all searches

» experimental and theoretical preparation ?
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Energy/momentum scale calibration

Electrons: Z 2 ee

CMS: intercalibration with single electrons, min bias
uniformity 0.4 — 2.0% (from 4% at day-1)
absolute scale from Z: 0.05 — 0.1%

ATLAS: uniformity 1.0 - 0.4%, scale < 0.1%

Challenge: disentangle many effects with Z sample:
B-field, material, non-uniformity, alignment, response...
(so: also need top, J/vy, Y, minimum bias,...)

= 18000 | J 2

Q
= 16000 L
Muons: Z 2 uu 8 14000 E
IE 120001 CMS =5
1 month at 1032: gl E
>10°% muon pairs ]
8000 ]
Momentum scale < 0.1% 6000/ =
4000 ” ]
2000 g L

i

20 40 60 80 100 120
Mu+mu- invariant mass (GeV)

oril/May 2007
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Hadron energy scale from Top decays

Semileptonic top events!

4 jets p> 40 GeV

2 jets M(jj) ~ M(W)

Isolated lepton
20 GeV

3 jets with largest } p;

E,™iss > 20 GeV

Also: isolated pions: E/P
radioactive sources

i
Lh
=

0.1429)
oS
33,

(1
2

Events /
(=]
-

-b jets

-E.Miss calibration
-Hadronic W’s
-p; (top) studies

If b-tag works,
cleaner selection

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII L.l
100 150 200 250 300 350 400 450 500
m(3jet) (GeV)
Peter Schleper SFB lecture April/May 2007
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Detactor performance

Expected Day 0

Goals for Physics

ECAL uniformity ~1% ATLAS <1%

~ 4% CMS
Lepton energy scale 0.5—2% 0.1%
HCAL uniformity 2—3% <1%
Jet energy scale <10% 1%
Tracker alignment 20—200 um in R¢ O(10 pm)

Peter Schleper SFB lecture ApriI/Maﬁ§7
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Trigger Level 1 ATLAS CMS (GeV)
(GeV)

Inclusive isolated ely 25 29

Two electrons/photons 15 17

Inclusive isolated muon | 20 14

Two muons 6 3

Inclusive t-jet - 86

Two t-jet - 59

t-jet and ET .. 25and 30 | -

1-jet, 3-jets, 4-jets 200,90,65 |177,86,70

Jetand ET ... 60 and 60

Electron and Jet 21 and 45

Electron-Muon 15*10 -

+calibration,
monitoring...

107 trigger rejection power
1073 analysis selection power
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Muon rates

T "= 1 from anything
E- 10 "'-.. = 1 from all minmmum bias events
E “ta, 41 fromW
10 ®.,’ 1 from DRELL-YAN Small PT
104 "=, ¢ 1 from top e Minimum bias rates too high
*e« 1 from Jiy > 20 GeV

10 _ . e W-Zerfall
102 £ "“'b!«-%:__ e Drell-Yan (gqq=>Z-=>pp)
- 'ﬁ-’ﬂ - Z-Zerfall
10 *v_ | | Te * top-Zerfall
T "o . 7
L T *
. rogd T
10 " ﬂ*ﬁl
i T
1 ] it
2
1 10 b [Gev] 10
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High Level trigger

Electron e25i, 2e15i e30i, 2e20i ~40
Photon v60i, 2y20i v60i, 2y20i ~40
Muon n20, 2u10 n20, 2u10 ~40
Jets j400, 3j165, 4j110 j590, 3j260, 4j150 ~25
jet+E, s j7T0+xE70 j100+xE100 ~20
tau+E,, ;.. 135+xE45 160+xE60 ~5
B physics 216 with mg/m 2116 with mg ~20
Total ~200

Rate-Event size (1.6MB) - needed band widths / storage volume
Rate-CPU time - number of processors (5007?)
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Why physics beyond the Standard Model ?

Theory Experiment
® U(1) x SU(2) x (SU(3) ¢ All (?) data correctly described
®* Local gauge field theory, EWSB ® Consistent picture of all
® Renormalizable interactions below 200 Ge
®* Free of anomalies - Outstanding success of the SM

Predictive power:
*W, Z, top, Higgs
® running of couplings

®* Higgs particle not discovered
® No experimental confirmation

of EWSB

® Arbitraryness:

* Construction principle ® Cosmology: Dark Matter, Dark Energy

® 17 particles, 26 constants
® Incomplete: Tension between

* Limited at High Energies (>1 TeV)  experiment and theory

® Hierarchy problem, M,, - Time for a decisive experiment:
- GUT, SUSY, Gravity, ... LHC

—>SUSY: M,, Mg,; Dark matter
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Why Physics beyond the Standard Model

. . . H -. - H
Cancellation of Chiral Anomalies: . -

* Q,=Q, /3 for 3 colours required ::x::
BrHint for Grand Unification ,

A= mHz/Vz

. 600
Hierarchy problem: Mg, >> N
Extrapolation to large scales 500
B Higgs mass divergences
2 2 ' 2 =
hys) = m —A 400
mHSm(p Y ) Hsp + 16772 %
BrBounds on Higgs mass S oo
®No divergence if symmetry g:
between Fermions-Bosons 200
Q boson " fermion
5 ) AQ - 100 EW vacuum [[SEERICING)

m;, > >

8

ﬁ/‘““"' < guigho 3 5 7 9 11 13 15 17 19
- ’ ( ) - logq A [GeV]
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Supersymmetrie

Symmetry between fermions and bosons
Spin | Standardteilchen | Superpartner | Spin |

Leptonen (e, v,, ...) Sleptonen (e, Vg, ...)
Quarks (u, d, ..) Squarks (u;d, ..)

Gluinos

Wino

Zino
Photon (y) Photino ( v

Gauge couplings of partners are identical,
Masses of partners are different: SUSY is broken
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Susy particles

Superpartnersfor all SV fields
Requires two Higgs doubles of opposite Hypercharge (approximate doubling of physical particle spectrum)

(one for up-sector, one for down-sector) 0

Spin: 0 1/2 |

C Sleptons Et:{" o Ty

Squarks q «<— q

5 physical Higgs bosons )
2 charged :H" and H- = 4y
2 CPevenneutral : H and h ~rl e to ﬁ?rm
h,|A, H > H. h Neutralinos
1 CP odd neutral : A 5 “}Et; d— ~
Additional i
Higgs
Bosons l-:[ + Mix ro form
Higgs masses derivable from MSSM parameters I—Ii > ﬁi Char;%;nos <— Wi
H' ,H: M2 = M%V -+ Mi (at tree-level) x.a’

h: M <M, (at tree-level) = 130 GeV (rad. corr.)

g Gluinos |« ¢
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Why SUSY at~1 TeV ?

»stabilises the Higgs mass if T Hh"“‘ﬂ:x---h_h_ wﬁﬂwme_
ImF —mB | < O(1 TeV) o
»predicts a light Higgs m,< 130 GeV L e
#»predicts gauge coupling unification 0 sin’B_ 01317400004
wdark matter candidate: " o* 0" o
lightest SUSY particle can be stable | i* —__ MSSM
LSP= neutralino, sneutrino, gravitino, z = H‘“‘m o e
axino ... Wl o T~ .
»consistent with all data -
>SUSY at the TeV scale: | o < e

best candidate for physics
beyond the Standard Model
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Sparticle production at LHC

from Gianotti
* Squarks and gluinos produced via strong processes — large cross-section

g g | ~ M (GeV) o (pb) Evtsl/yr

I—oa, o U 500 100 10°-10"

Eg: o N g 1000 1 10%-10°
a q q g 2000 0.01  10%10

* Charginos, neutralinos, sleptons direct production via electroweak processes
®» much smaller rate (produced more abundantly in squark and gluino decays)

c=~pb m =150 GeV

NN NN NF  production are dominant SUSY processes at LHC
49, dd, 99 (if accessible)
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LHC: signal and background

Dominant production of colored sparticles
which will decay to leptons, jets + LSP

SUSY signal:
jets and leptons with large Pt
+ missing transverse energy

BG from W, Z and tt production:
need strong rejection ~10-4

Exploit kinematics to maximum extent:
mass reconstruction method

L=10*cm™=3s! rate ev/year

.............. Epetse

..............................

ULV input

e a2 It ————
. max LV1 output

e LVE output ——]

T Bealar LQ\] 2,1

NS SRR N

....................................................................

St

kHz

Y Saraarga T

=iz, p=Mpgmrmz PG
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SUSY vertices and decay modes

Long decay chaines: Jets + ETmiss
(often + leptons, W,Z, ...)
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Example :

L

g 1:1 1 o xg + u f jets, ETZII.QEGGV}
+h
b ( jetl, E_=206 GeV)
b € jet2, E_=2320 GeV)

I_. W +b (,?etil,ETzlL’}GeV] X
L+ s (JetS, E_=79GeV) 4

ﬁ +b ( jet3, E_ =536 GeV)
[=-x xw+ P e
|_'1_ + + a
+ w — Ty TS

L"‘! o
-..\\\\&‘}\\ I
h y, D-jetd

by %, WD

ll".,_1 #‘f

g e TEE. WM ..

/ S-Aboulln, A NWikttertor.

m, = 1000 GeV
My = 500 GeV
tan B =35 >0 Ag=0

m (q,g) ~1TeV

— spectacular signatures
— easy to extract SUSY signal
from SM backgrounds at LHC

(in most cases ...)
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Eample Analysis

Problem: LM1
o L.
ETmiss in QCD events Low mass SUSY
= _ . ® Gluinos: 600 GeV
_%ﬁm § QCD jets = 3 + E; " >40 GeV * Squarks: 550 GeV
S0’ * MO= 60 GeV
s F * M1/2=250 GeV
1uﬂ-§— ® tan beta=10
10° é—
b Full hadronic channel
. - i * several jets + ETmiss
® No leptons
TE
10-1 %_I ] | I | L1 1 | L1 1 | L1 1 | L1 1 | ] ]

| | |
200 400 600 800 1000 1200 1400 1600

ET** (GeV)
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SUSY example analysis

QCD events: ETmiss dominated by jet resolution

B Study PTmiss direction w.r.t. jet direction

QCD simulation

B-Cut on
] SUSY simulation
,Q jet2
E
E-; | $ 2.5
3 150
i 1
5 | 0.50
_I | | 1 | 1 L1 | | L1 L1 |'-I'I' II : r
0 0.5 1 1.5 2 prits 0_'|||||||||||||
. " | (rad) 0 0.5 1
o jet1

1.5 2 25 e

5¢ jet W' | (rad)
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Background

Z-candle normalization, E$'33:>200 GeV

i 10° 3 @ - Z(up)s =<2 (Z-tag data) Irreducible background
E- Zjj > vvij
- . 1 — 7 -mpu)+ ==2] (times tag efficiency)
S
S
o .
1024 ‘m -y ==2] (directly normalized to data) Determlne baCkground
: ’q.dn A from data
- ¥s, . .
i WA Zjj > uujj
] RN
. K ®* Assume same ETmiss
it distribution
15
200 300 . 1000

E_r|1_1iss (GEV)
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Signal significance

Meff = ET + PTmiss
Measure of total energy
released in sparticle decay: ~ MSUSY

i - - i . -1
CMS ET"° + multijets, 1 fb” L CMS E;"*° + multijets, 1 fb
7] 10 T e ——"S"
2 10° Far+*e — mSUGRALM1 - - —— mSUGRA LM1
[ D Zinv-+t = {1 fF e, e Zinvatt
‘“z? ] — Zinv+t+EWK g N . — Zinv+tit+EWK
S ] —— +QCD 51073 -
10%3 % : Mo,
4 :
1 = % | ‘ ; .. [l
10-1 . ..: ’ ----- ; ”
200 400 600 800 1000 1200 1;1!}0 1600 500 800 1000 1200 14D0 1600 1800 2000 2200 2400 2600 2800
EMe® (GeV) M, (GeV)

High signal / background ratio

¢ Background uncertainty not too important
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Discovery potential

1000 =
C: Lsp tanp =10, Aﬂ:ﬂ, w=0 CcMs
0 E with systematics
800 m, =120 GeV 10 fb™*
. = S~
High mass SUSY: HM1 mE N e
— ' b T e — —  w+jet+MET]
P [ mSUGRA HM1 = e S TS| oo sz
'%I'_u.-w:_' LT Zinv+tt g mf— Wl L emee ezl R f{irggs
g — — Zinv+t+EWK - ; - - - N -
2 r LEE. —— +QCD 00F- | I ST f Rt Ly [pe— top
| - Em,=T18GeV ™~ = s "'—"-—-..____-___.- - P trile pt
1 e
= 1nui" =103 Ge
7 = NO EWSB
— y Dn 1 1 Imyl 1 I‘ulnl 1 I“HI 1 Imyl 1 I1Jml 1 |13Lnl 1 IuLmI I1Jml 1 |1£|un| 1 Izm
107 m, (GeV)
2 Low mass SUSY
102
2 : ® LM1: 6 pb-
| | | | | | [ e l L J l [ 1 1
200 400 600 800 1000 1200 1400 1600 o H . -
E:ﬁss (GeV) Typlcal n 0-1 -1 fb

High mass SUSY

¢ Ultimate reach:
® Squarks, Gluinos: 2500 GeV
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END lecture 2
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Susy particles

Superpartnersfor all SV fields
Requires two Higgs doubles of opposite Hypercharge (approximate doubling of physical particle spectrum)

(one for up-sector, one for down-sector) 0

Spin: 0 1/2 |

C Sleptons Et:{" o Ty

Squarks q «<— q

5 physical Higgs bosons )
2 charged :H" and H- = 4y
2 CPevenneutral : H and h ~rl e to ﬁ?rm
h,|A, H > H. h Neutralinos
1 CP odd neutral : A 5 “}Et; d— ~
Additional i
Higgs
Bosons l-:[ + Mix ro form
Higgs masses derivable from MSSM parameters I—Ii > ﬁi Char;%;nos <— Wi
H' ,H: M2 = M%V -+ Mi (at tree-level) x.a’

h: M <M, (at tree-level) = 130 GeV (rad. corr.)

g Gluinos |« ¢
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SUSY Models and Parameters

MSSM: minimal susy standard model
® SM particles, 2 Higgs doublets >h,H,A,H*

® SUSY partners

¢ Soft SUSY breaking (no quadratic div.)

® 126 parameters

(masses, couplings, mixing param.)
Higgs: tan B = vev,/ vev,, m,, Y
m Too complicated; no ? predictive power

Constrained MSSM (CMSSM)
use unification at the GUT scale:

® Gauge couplings: a, = a, = a; = dg,r = 0.04
® Gaugino masses: m,,=M,=M,=M,
* Sfermion masses: m, =
0 mz’mZL’rrbL’ran’rnﬁL

® Higgs Parameters tan 3, m,, p

* Squark/Slepton Mixing: A, A,, A,

Here: R-parity conservation

® no proton decay, LSP is stable

R P R N S S P
Eso!l [Q, mej Q} + dRimD:‘dej + "RimUij"Rf

I'm2 L.+ . m2 2 2 2 2 2
+ Lsz,ij + eg;my, r; +my, |H,| +de[Hd[']

1 - - -
'_'2' [ 1Aoko + Mydada + M}égg};]

i ry g - -
) h ~ 1 = a - - .
+ [(a“)UEubQi Hl'f “Rj + (ad)ff Q;‘ HdudTRJ' + (ae)r’jL:‘quELj + hC]

+ [Cewrear 07 Hy? 1y + (ca)ij Of Hydh, + (codiy L HY 2l + h.c.]

I ua

+[bH{ Hyo + h.c.], (8.1
=
TE0 - e
: . MSSM
o - World Avemge
o cL :-J?”“'«.h_h‘th
b H‘&_\
—
o - B N

oY)
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SUSY breaking models

MSUGRA: Minimal Supergravity at GUT scale
® Unify spin 0 sector: Higgs and sfermions
® Unify all trilinear couplings A=A, =A . =A, ,
®* Radiative EWSB - only sign of p

./HI_I;I—DEH SECTOR

°*m,,,m,, tan B, sign(p), A, S \ @
® LSP = lightest neutralino
] . |CONFORMAL
AMSB: anomaly mediated breaking " | ANOMALY
®* m,,, m,, tan B, sign(y)
®* LSP = lightest neutralino |
AlisB

GMSB: Gauge mediated breaking
*M, A, N, tan B, sign(p) A
® LSP = Gravitino M 100 GEV @ELE SECTOR
Gaugino mediated breaking in extra dimens. ) R
® vis. — gauginos -- hidden
°*m,,, M, tan B, sign(p)
® LSP = Gravitino
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Running Masses

RGE evolution of SUSY masses

MSUGRA
700 [
Gaugino masses: |\
600 (luino
B qL“\ oL:
M, _ M, _ M3 ﬁ\\ M. :aG[lﬂjml/z
500
o 0%9) o3 L \
Ms = Mé ~ 2. 7m1/2, ;Z 400 | e )
M>(Mz) >~ 0.8m 2, .
i /2
Ml(Mz) 20.4m1/2. _ 2
200
Sfermion masses: 3 3_
myp <mg >~ M; S
Higgs Masses: N I N I I N R I B
2 e § B 10 12 14 16

® m?2 ~ 2 +M2
m H,A,Hi m A M W Peter Schleper SFB lecture April/May 2007 82



Neutralino & Chargino Mixing

Mass eigenstates depend on
*M,M,tan B, p
* M,, sin?0,, EW mixing

S 0
Neutralino mixing B.W.Hy. B0 > X 1234

Neutralino/chargino mass

_ Yora i 0 T . I T T ]
M, 0 Mz cos Bsw Mz sin Bsy N M, = 200 Cev
0 M- Mz cos Becyw  —Mz sin Bew wob X tonf = 1.5 ;
— Mz cos Bsw Mz cos PBewy 0 — UL '-‘.'}I\,_ &
Mz sin Bsy  —Mz sin Bew — i 0 300 |- 0 &5
l 4“' N ’ )
250 g s 2 g
T4

~ o~ +
Chargino mixing (W*H")> 4 1,

M, V2My sin B
\/EMW cos p +/L

FEEEra P MRS B, Y. S PR
=400 =300 =200 =100 o 100 200 300 400

1 (Gev)

Peter Schleper SFB lecture April/May 2007 83



MSUGRA masses and decays

1000

and -
800
0 -

BOO |

a0l

400

300

200

1000

and

ano

00

GO0

a00

400

300

200

MSUGRA Spectrum, case 1

MSUGRA Spectrum, caose 2

T T T T T 7T T LI LI
| my=90, my, =400, tonf =10, p=518 | | my=260, my, =380, tonf =10, u = 496
500
800 -
700 -
800 F
200 r
400 -
300 -
{ 200 | :
_Lhu ;:'I;c n?
1 1 1 1 L " " 1 1 1 1 1
4] 1 £ 3 4 =] F o 1 2 k] 4 ] -]
MSUGRA Spectrum, case 3 MSUGRA Spectrum, cose 4
LN P , , : , et
. M= 180, m; =290, tonf =10, u=388 | | my=1500,my; =300, long =10, u =230
. . lg T
Higgs %’ ¥ T2
4 T oW L
000
200 -
B00
700
&00
500
400
300
B.R. >
——0.80
200 - —0.50
0.30
| 1 L L P P Y I IN YT T NS TN T S SN SV TN T SR TR S T SR S ST S N T 1
o] 1 2 3 4 5 ] 7 0

| Mass differences

IVISquark >> MLSP
-> Large ET, Large ETmiss
- model independent
discovery
y Mslepton close to MLSP
- leptons with low ET
model dependent

— Decays patterns

® Parameter dependent
® Partially long decay chains
® Missing LSP
® Measure mass differences
- SUSY parameter
measurements
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LEP searches

Slepton production
e . VA e —p p—C
Z 04,
X
e ?— e__’ >

with LEP Combined Results

LY b

th
Y
|

@

My “ITRORVE)

m, (GeV/c")

Lh
o
|

Chargino Production

N s NN &1L Charginos (large m,)
c + SN IR N P i i oo

Sleptons

CMSSM: + DA
* sfermions and charginos R Rt
excluded for m < 80 ... 104 GeV -
®*tanff>14
* M > 47 GeV

* M, > 114.5GeV

vV
e ' e~ — ya

G WO
N % R

48 P 50 W S W . T S
'

i

1 2
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Tevatron searches for Squarks & Gluinos

Signature:
E.Miss + n jets + m leptons

~

Q . 799,98, 88
:'33 b @@ MET + = 3 jets
o) SEE
2 5
[agw L
E300 %
<|
200 ' \ (?DF’ 84 TS

100

m (8)>195 GeV

éﬁ::/' m (q)=m (g)>300 GeV

qq searches at LEP

“ Tevatron not
sensitive to

Am (q - ¥"1)<25GeV

200 400 600
gluino mass (GeV/c )

56 discovery

> W2 o
= o
c 20 fb
S n
J4h]
b
n 400 u
03]
o
=
|
u n
200 |
L [ ]
~ ~ —~ +
g b t X
oL | | | |
sparticle
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Tevatron SUSY reach

3-lepton search Squark / Gluino decays
* 2 10, 30 fb-" ®* 2 fb' and 25 fb-1

a) tanf=2, u>=0
25{} xDD:DKIK?}KKKﬁIXHEZIHr 25{]

c) tanf=35, u>0

Ll
.LI.II

"LD

IR = [} =) | II]K[I*XKKJ*XK_T: (IR S
= 200 PFEEEEEEOOO0000 Ox x x %3 200 [lx % % % % % X % % X % X %
rj‘; 1 ] i o [ [ L IO = = o= = 3 ICIE0) = = = = = CICICICICICT
“"; EEEOOOCOO = XDDD*—E 150 < ECOOOO0 = 0= O00000=
w .| -

i E 100 100
o0 a0
1000 / 1 I 1 1 T T I L) I- T T T I 1 |I 1 T T T T T T I_ . = e P T T
] : 0 ||||||||||||_ 0 ||||||||||||_
_' _-25.[} xxﬂxxx}xtgriﬁ: XEEK&XG_ =50 xdr%xta{%ﬁx x4x5>c'§t£x0_
— : : AR A A BEE T I |
% __ __d[}{} :DDxxxxxxxxxxxD*:r 200 _x}cx::xxxx)c:cx_:
E_D_, . T I e D0 o e s se [0 e O] = ]3
o - 150 HEEEOOOOOOOOODOOOSS 150
TR e 100 100
. - 50
100 150 200 260 100 150 200 250 () SRR e e e et : i
0 100 200 300 400 500 0 100 200 300 400 500

my e (GeV) my /., (GeV) m, (GeV) mg (GeV) fre
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LEP and Tevatron in MSUGRA

Regions excluded by:

100 LEP preliminary ;
N___-:__,! tany = 10, p=0 )
S P10 3.
& 350 Gluino mass: M, =l75GeVic | 4. Sleptons from LEP
g 200 GeV , 400 GeV ;
E 5. Higgs from LEP
= 300

6. Stable staus from LEP

250 Tevatron Run 2 (2 ﬂ:)'l)

% x5 — 3|7 + MET searches

L

200

150

100

50

0 200 400 600 500 1000
m, (GeV/c?)
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Rare Processes and Cosmology

tan =10, p=<0

‘B 2> sy excluded

o)

°g,-2 favoured

Dark matter
favoured

0

X — ¢
Ve iy
* m s < 500 GeV

=00

my (GeV)
my (GeV)

a0

X0 300

400 500 600 70O 200 900 1000
myp, (GeV)
tani=35, p<0

11000k

my, (GeV)
nig (GeV)

stau = LSP

10dD lo0o

ﬂlLr: {(:[“"f

tan =10, u=0

i
iy, = 114 GeV
!

100 20 300 400 500 600 0D 200 90D 1000
myy, (GeV)
tan f=50, p=0

1500

stau = LSP

2000

1000 3000
my, (GeV)
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LHC SUSY Discovery

Selection: high ET jets (70GeV) + ETmiss (200GeV)

CMS ET"*° + multijets, 1 fb™

10%: -
: .t [ mSUGRA HM!
'Emr--l ok B Zinv+tt
T F — Zinv+tt+EWK
% — e — +QCD
e | JT A =
JEREN R | | ” """"""""""""" I 1027 2
:-|'-|"'|"-|'~|~-|"'=#:-'-|- e E||I|||I||I|||I§J1L i i 2 i &
600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 200 400 600 800 1000 1200 1400 1600
M, (GeV) ET° (GeV)
Low mass SUSY High mass SUSY
® LM1: 6 pb- ¢ Ultimate reach:
® Typical: need 0.1-1 fb-' Squarks, Gluinos: 2500 GeV

Peter Schleper SFB lecture April/May 2007 90



LHC SUSY anaIyS|s strategy

1) Inclusive analysis
¢ Jets + ETmiss
mFirst evidence
B use Meff, ETmiss, #jets, event rate
» R,

B estimate squark+gluino mass,

2) Exclusive analysis
¢ check for e, mu, tau, gammas,
Z0, W, top, higgs, heavy stable particles
B kinematic analysis
B estimate SUSY masses, BR

3) Higgs mass, SUSY higgs search

4) Check consistency at GUT scale
B Is it SUSY

MSUGRA, tanf = 10, A, =0, 1 > 0
0 200 400 600 800 1000 1200 1400 1600 1800 2000

AR I
1400 A 1400
e -
T 2 o(s
7S o]
1200 [\1 fb — 1200
— l‘\?/'
e.g. sq. —> sg q]
1000 T~ sg —> sbb '
sb —> byx
> 800 o _?}'x"*l-;_;_-; 800
<) 10 5
S D~
£ oo Z_ Lg;Q - 600
@\, /\100 fl
S A3 T
400 g sq —> sgq ]**
_________________ 5. 7> 909x
200 N .'_--r_._.7__:_7___::_’,‘1‘;'_"_1_.\__'__--_:7______7_____7-__. __.:-.:.\_'\';\..,_:_:-_:-- 200
' 100 pb 10 PP ' pb
NO EWSB 1
0 PRI L L PRI I 1 L | L
0 200 400 600 800 1000 1200 1400 1600 1800 2000
m, (GeV)
1200
L. CcMS tanp =10, A0=0, u=0
B jets > 3 + ET'**>600 GeV
1000 with systematics
I 10 fb™
- - v
800[— ™ 113’076—8— —
s L
® 12
g 600 —
g b=
E E
400 —
L m, =114 ég_\r" R S
200|— o
[ m =103Gev - o ik = g
0_'1.|‘.‘|..‘|".|‘.‘\..‘|N9E“NS.B|\
1] 200 400 600 800 1000 1200 1400
m, (GeV)
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m,, (GeV)

Gaugino decays

Neutralino,

b
MSUGRA, tanB = 10, A, = 0, 1 > 0 b
0 200 400 600 800 1000 1200 1400 1600 1800 2000
1400 | -9 S /S 140
1400
7 /g .
1200 | S HIISS /& 1120
& 1200 |
\‘)-:’\
&S
1000 ¢ 1100 1000 |
S
[<}]
m,, = 120 GeV S
800 | 18007 800 |
&
Br(3—h%3) > 0.5
600 | ) © {600 600 |
400 | 1400 400 |
| ; B 7”—)20 %> 0.5
[, / _— m, = 114 GeV ]
200 \/ ~n., = 103 GeV h\ 200
' Teva :
tron NO EWSB 0
0 ‘ : : : 0
0 200 400 600 800 1000 1200 1400 1600 1800 2000

m, (GeV)

200 |

Chargino ,

MSUGRA, tanp = 10, A, = 0, 1 > 0

0 200 400 600 800 1000 1200 1400 1600 1800 2000
© /B /
S /S 11400
7 LSP [i2 _<E /=122 GeV
i /i N
A /& A
= /& 11200
7N
11000
m, = 120 GeV
1 800
Br( 3;—W7%3) > 0.5
N ~ 1600
«\‘9
m\‘“
1400
o m,_= 114 GeV ]
\/ ~fn. = 103 GeV h 200
' Teva "
/ tron NO EWSB
0 200 400 600 800 1000 1200 1400 1600 1800 2000

m, (GeV)
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SUSY benchmark points

MSUGRA, tan = 10, A, = 0, i > 0

0 200 400 600 800 1000 1200 1400 1600 1800 2000
1400 | ~ S /| 5 {1400
7, LSP A / & N
‘ s /X / m, =122Ge€
Studies of 1200 | = /)€ /& 11200
= :\;
SUSY Benchmark points [/ /&
1000 | / 11000
. S s/ 120 GeV
Flnally: ~o 800 K HM2 *HM3 Mh = ¢ 1800
E " K
SUSY parameter scan BH(9h%0) > 0.5
600 | * HM4 3 ~ 1600
@9
O\ %> LM10
400 | XLMe _. 1 400
i X LM4  XLMs  BH(33-2%0) > 0.5
45 m, = 114 GeV  *>] kM7
2007 X 6 ., =103 GeV h S Lme 200
I Teva : S
/ tron NO EWSB
0 ' ' ' ' ' ' - ' ' 0
0 200 400 600 800 1000 1200 1400 1600 1800 2000

m, (GeV)
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SUSY decays with top

LM1 e mig) = mi(g), hence g — gqis dominant
o B(x9 — Ipl) =11.2%, B(X} — 717) = 46%, B(x* — i7l) = 36%

> FTTT Illlll\\\llllll\\\
3 oL cms 1 1" | L TOtaISUSY
put u L2 SUSY(withTop)
s [ ] SUSY(noTop)
g O .- : Discovery reach (5 sigma)
q>_) - . W00 gy T T T [T T T [ T T T [T T T [T T T [T T T [ T T T[] T
o 6 —_ - ’ cvs |
N ) 7, LSP ']
T ; R ook Systematic Uncertainties included B
X J_AJ.A_A_A_\J_L|_|_|_|_A_AT_|__|_t:;::§-LA_\_A_A_ i o i ]
P50 200 250 300 350 400 450 500 550 600 650 700 = g0 - —
MET (Gev) @
O
NU lel T T 1T LI III\| To‘laISUSY N
> F {7771 SUSY(withTop) =
CGDJ 7 [[] SUSY(noTop) c 400
= C
E 6 —
PR CMs 1fb"! =
S 5 =
o ] 200 _
T4 E i m, =103 GeV _ \\ i
3 = A |
F ] . NO EWSB
2; —] 0 III||I|I|I|I||I||IIII L
E ] 0 200 400 600 800 1000 1200 1400 1600 1800  200C
1= —
] m, (GeV)
0 50 100 150 200 250 300 350 400

2
m, (GeV/c?) Peter Schleper SFB lecture April/May 2007 94



SUSY decays with Z°

LM4: squark/ gluino production before ETmiss cut
decays to 0.5 7%+0
y X, => Z X,

—
o
[
T

Events /1 GeV
3,

—
<

o m(i) = m(q), hence j — §q is dominant with § — bb = 24%
o B(X3 — Z°%Y) = 97%, B(x¥ — W) = 100%

"

-
o

700

1

C tan=10,A =0,u>0 CMS
-1, LSP ith systemati il 145
LT :
600 —1 with systematics 0 50 100 150 200 250 300 350 400
- M.. (GeV)
0
- xg s 7 x$ . 'ee
500 [— after ETmiss cut
C > L L B B R AL R
— m b
- & 180°
- N 160,
o o —— £ 140
. 10 b S T ]
_ 2 1200 =
: —— T . ]
u i e i 100
200 . m, = 114 GeV i E
- S == m -103GeV _ — 50 E
100 —
B 40 —
- NO EWSB
0 _I 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 l | 1 1 l | 1 1 1 | 1 1 1 | 1 1 1 20 __
0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 | 1
m, (GeV) 0 50 100 150 200 250 300

Mee (GeV)
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SUSY decays with Higgs h - bb

e m(g) = m(q), hence § — g¢gis dominant with B(§ — 31&-] = 19.7% and
B(g — t,t) = 23.4%

LM5 o B(v9 — hO%Y) = 85%, B(x9 — Z9%9) = 11.5%, B(xy — W=x0) = 07%
=T | TTTT | TTTT | TTTT TTTT TTTT TTTT | TTTT | TTTT | T T 14 1000
2 [ 1 b1+ -7 LSP
§ C ] 900 tanf=10,A =0, >0 CMS
25— — i =120 GeV
u i +  Signal + Background ] 800 m“e
- —— h->bb + correct jet pairing{ -
20 —— other SUSY event N L
i B sMbackground . —~ oo
— . = >
= — fitresult - D
15‘_ ------- background fit function ] % 500
E E E‘_ 400 __
10:_ _: 3002{_—__
i ] 2““;___ ___..m, =103 GeV
5 — 100 —
B ] . NO EWSB
B 7 : ! ! 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 I I : g B : H :
: n[} 200 400 600 800 1000 1200 1400 1600 1800 2000
0 R | il AN rno(GeV)
50 100 150 200 250 300 350 400 450 500
in\|r (GBV)
®* Dominant background to SUSY decays ® Measurement of Higgs mass and BR
are other SUSY decay channels needs large luminosity !
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Mass reconstruction

determination of the boundary of phase space

Kawagoe,
for mass determination. e OJ, Polesell
B0 - m[") - w. ep-ph/041016()
- .- __-‘u:“ 1
- J[FIL | SP : |Gijelsten, Miller,
% 4001 __ _ “i‘ {EE.‘-"I:'I'I _OSland
Tt m(jl) * Seot il Ihep-ph/0410303
St epton S Ihep-ph/0511008
§EIII B 1 n
i 1 0
u . : W, (G _ )
- [r'I : ; ee+uu-eHd subtraction
S BT TEAT ATES ™ B AR . . .
Pa 200 a0 GOR @00 1000 - Is effective to select
Wy, {Ge}

single channel

m{JII} wnh mII}D 5 mil{max)
- e v |

m T I T I
Here is the trickl! -
" 20— —
g 200 (- R — 1 s = | ™ :
g | | ," £ ysm — ;!
= | Squa.r_k._b‘ . ﬁ .
: e ot : VomGy
£ 5 ! 1 Nojiri, SUSY06
Eo0 - I — - 11. ]
L__l =0 — IJ I}_' _
j |], ']_n 1 |![|"_]| 1 |ﬁ| 1 :';[lﬁl-l- ﬂ]} '1[-|[||}
0 TR b AN BB R | L1 M, iGat]
0 W00 A0F o0 B0b M
M, (G
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Early discovery at LHC ?

1000 -
- Lsp tanp = 10, Aﬂ:ﬂ, u=0 CMS
00 with systematics
| =1
800 — o my= 120 GeV 11h
- Jets + MET
700 c et.mer | 9ives highest reach
600 — — u+et+MET  (most model-independent
5
2 m — - 852u
S s —-—- 0s2I _
I S [ 25 Lepton signatures are
E a0 e Higgs more model-dependent
ol Fr e e T T T (e.g. alot of U's
gm'“:‘ 113Gev — ~ -3 :—_‘ e at large tanp)
200 — e
100 én = 103 GeV
= NO EWSB
11 1 | L1 1 | 1 1 1 | 11 1 I 11 1 | L1 1 I 1 1 1 | | | | 11 1 | 1 1 1
DL'I 200 400 600 800 1000 1200 1400 1600 1800 2000

m, (GeV)
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]

m,, (GeV)

SUSY discovery reach for CMS

Discovery reach for squarks/gluinos

Time

mass reach

1 month at 1033
1 year at 1033

1 year at 1034
ultimate (300 o)

~1.3TeV

~ 1.8 TeV

~ 2.5TeV
~25-3TeV

000 =
= Lsp tanp = 10, ﬁ.ﬂ:ﬂ, u=0 cCMsS
200" with systematics
800 [= m, = 120 GeV 10 b
= N
T00 — — T e -
— _\ _ T — —  jet+MET
600 [— NV — —— — u+jet+MET
— ’ N T~ Tr—] — - ssy
00, L Tt i -—-- 082]
=T A | T 21
00 7. e mm--mTETT-l " o———- Higgs
E L — T T T . W R — H"'-_‘_“ - T zﬂ
300 — | — e Fomrmemsm e O e top
Em, = 1T14GeV ™~ = ST - ————- trilept
200 —
jooEMi =103GeV -7 h
= NO EWSB
1 1 1 | 11 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | | 1 | 1 1 1 | 1 1 1
% 200 400 600 800 1000 1200 1400 1600 1800
m, (GeV)

* Large discovery potential already in the first year (2008)

* Reach at full luminosity: ~ 2 TeV for squark and gluino masses
* Interpretation very model dependent !
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SUSY particle detection

mems oluino === squarks === gleptons — w—— H
P{}Et- WMAP Benchmarks

7 = C = 0.5 T

= 30F 30 E LC 0.5 Ted

£ 20' 20 =

= -

i |I| [, ] o0

L

= 0—| | LI o =-_—E mll =

= LBGICJHMAEFKD LBGICJHMAEFKD

—

¥ - LC1.0 TeV - LHC+LC 1 TeV

= 30F 30

S wE 20

=)

. l"i I I 10 II I

=

Z,  (F I|-|Il||| LT - -
L ICJHMAEFKD LBGICJHMAEFKD

In some scenarios many (not all) SUSY particles can be detected
No full coverage (squarks/gluinos too heavy)

Reguires next machine ?!
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Physics at the GUT scale

Extrapolation of SUSY masses to high energy: Unification ?
LHC

® low mass point

* all particles visible LHC + ILC
500 500 500 500
400 400 400 400
300 300 300 300
; =
8
=
200 200 200 200
100 100 100 100
D ]lj iI |.I |.I |.J ]J JI lI II II. |.J JJ ]] D u ll ll IIlI |I |I ll ll lIlI |I |Ill ll n
102 168 10 10" 1w0™0'® 10 10" 10 10" 10™10" 10° 10° 10° 10" 10"0'"® 10?2 10° 10 10" 100"

Q (Gev) Q (GeV) Q (GeV) Q (Cev)
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Summary: Unknowns

 Performance of LHC:

Luminosity, stability
* Background uncertainty -
~10 - 30 % <
* SUSY breaking models:

Masses of SUSY particles
Decay modes of SUSY particles
- event signature

uncertainty ~10 %

- Initial state and energy
* Missing final state particles (LSP)
* Performance of detector

800

600

200

* Squark/gluino cross section:

mSUGRA GMSB AMSB
- 7r fa 7o .
_ T E_’J.=! 7 1 1, e— %‘Tl -
- i1 } f -
i _ R
— l""‘ —
- y Eg Ifl =1
» r-!i— — EJ" 1
l'! -
- Fis by i'll ‘{.T -
| o -+ 38 o= -
e Xz 3 X8
- RE: ] ) o ]
N i 7 ]
o = -H _— _ -
B — £, S A2 X1 i T _
B {5 .‘LH'.\J. i"' L s Ve T — T _
B a R

mass determination crucial

to determine SUSY parameters
Ambiguities
often no unique solution
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Summary: Expected LHC results

Standard Model

80.70 experimental errors 68% CL: .

o PDFS QCD ...... N LEP2/Tevatron (today) . =

’ ’ . B Tevatron/LHC MSS I,h{'sus‘{ .

* &5 M,,~ 1.5 GeV (theory dominated) BO80L —— Lercigaz P b

0.5 GeV (experimental) 3 s0s0F il
(Tevatron now: 1.7 GeV) Z L
®Higgs mass constraint OlEa
mDiscriminates between SM and SUSY ? s0.0f,

. 80.20 - Heinemayer, Weiglain ‘01

nggs (SM) 16gClI = ]'HIBSI = I‘III’UI = I1%’5I = l1;3(}1 = I1{I§5I = I1790'
B Luminosity needed for 5 sigma discovery m, [GeV]

*M, <160 GeV @ 10 fb- "o ] ]

° ~ -1 < R CMS |

M,~160GeV @ 1fb g N L_

*M,>160 GeV @ 3 fb-" 3 i /

* Higgs mass: ~ 1 % uncertainty s0e Lt /

. . o NRTRE ". ]

®* No Higgs found: s S

new dynamics in WW scattering @ ~1 TeV > IR Hr -

0 I —— H—yy cuts
g I'.‘ ,1 —=— Hyy opt

. . E L J e HoZZ 4l -

®»Fundamental insight into 3 BEeIe I
laws of nature at the TeV Scale 100 200 300 400 500 600

M, GeV/c
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Tevatron Higgs

MH>13SGeV: gg~> H > WW M, <135 GeV: qq > WH -> Wbb

z F " D@ Run i Prbllmlﬁary ~950 pb™ = F — —
=8 L el il s
e RN iy o = WH — | v bb, Preliminary
L 102 =— -",ff;:’/f;’/_:.ff; _,///_:;:-f:x;{,_/f -/—fz”a"’z”e £ ..-E-.. 10 - __________—--__________— D§ 05 (174 pb, PRL)
§ g o Lo 5% CL Limit el = S
g L f:zf // fzf/x;// & ’//z/ o _';z""_r:/"' ;z’ ------- Ex I.Etﬂd . ™
; r - j—’z_/x/';;x} ':/f_f"’x/ -‘:.':/_;f-_:'/:.-/‘_’//;.- Observed T B
=" 1“? E /.-/__./-f,-—-"_‘,.:/‘:-/.::.f"_/‘ z"_";’pz‘ff-‘::’///{,/._.—”_;z__.z o -'/'J/'ﬂ/ E B
S L7774 9 [
E T a =~ ’ffi' —_— E D§ (Cut Based, 1.0 fb™, observed anr.‘lexpn: .) limit)
1 E_ .g 4th Generation Madel % ~ D¢ (Matrix Element, EIBfIJ , obs. and exp. (...) limit)
ST -
B u}j //__—_\ T " e
101 Standard Madel qLL T
g 3-10 - Standard Model
-I 1 1 I 1 1 1 I 1 1 1 I 1 Il 1 I 1 1 '] | Il Il 1 : .
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Summary: Supersymmetry

Supersymmetry
Limited by CMS energy and luminosity to

Mass (Squarks/gluinos < 2.5 TeV)
® Inclusive : discoveries
¢* Exclusive: Model determination

m,, (GeV)

Discovery would be a
decisive step for physics
* weak > SUSY - GUT
® Comparable to anti-matter discovery

Many other extensions of SM studied for LHC
for all QCD produced signatures
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Super - LHC

e S
Super-LHC: % Higgs couplings ) 5 - i
Factor 10 luminosity z o1 ) !
*Ecms=14 TeV E‘ : 3 _
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-Large particle flux :E 0 ] :
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>New electronics " 3
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~>New computing issues / |
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