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LHC parameters
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First physics expected at “low luminosity”:
2 x 107 ecm 25!
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LHC Protons

The gaps are important
for synchronization!

LHC/PS = 42.4
(39 PS fill) (72 bunches/PS fill)

= 2808 bunches

Bunch Disposition in the LHC, SPS and PS
LHC (1-Ring) = 88.924 us

LINACS

;‘H;rftch 4-hatch

TLTUTITETTUTTTUTTUTTUTITUTITTT [

Ty Filling Scheme — 2495 1S

3564 = {[(72h + Be) x 3 + 30e] x 2+[(T2h + Be) x 4 + 31e]} x 3
+{[(72b + 8e) x 3 + 30e| x 3+ 8le}

ﬂj F—— “Abort gap”

T, = 12 missing bunches (72 bunches on h=84) —_ 3 /L S

SPS =727 LHC

T, = 8 missing bunches (SPS Injection Kicker rise time = 220 ns.)

used for
7, ™ 39 missing bunches ( " ) faSt F'es Et

1, = 119 missing bunches (LHC Dump Kicker rise time = 3 pus.)

PS=1/11SPS
7, = 38 missing bunches (LHC Tnjection Kicker rise time = 0.94 1s.)
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CMS HCAL Data flow

TT1C TTC TTC

trigger timing
& control

Readout

Module .

LVDS
200 links
32 bits @ 40 MHz

Vitesse
500 links
1.2 Gbit/s

Level-1

Trigger
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Stored energy Pt Sl

E =2E,NyN,

E = (2)(1.5 x 1013 eV)(1.6 x 1072 J/eV)(2808)(1.1 x 10') ~ 1.5 GJ

The problem becomes even more severe for the next

proton machine!
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Stored energy Qe[S

——

The problem becomes even more severe for the next

proton machine!
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Forces and Distance
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physics

FIRST look at the TeV/c? mass scale to find
a clue to the hierarchy problem... what lies

between the weak scale and the Planck mass?

EXPLORE the mechanism for electroweak
symmetry breaking... How do the W/Z"

Interact at high energies?

NAIL down the elusive Higgs boson...

NEPPSR I Rohlif - p.8/58



http://cmsdoc.cern.ch/cms.html
http://atlasinfo.cern.ch/

http://conferences.fnal.gov/Ihc2003/index.nhtml

J. Rohlf, CMS: Physics reach at High and Very High
Luminosities

B. Zhou, ATLAS: Physics reach at High and Very High
Luminosities
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ATLAS DETECTOR AND
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Detectors Fa\EguEw,

Muon Detectors Electromagnetic Calorimeters
\

Forward Calorimeters

A Toroidal Large hadron collider
AparatuS (ATLAS) 7 kTons
0.5 T toroid, 2 T solenoid
25m x 46m

tracking in B feld
EM calorimetery
had. calorimetry
muon detectors

Compact Muon Solenoid
(CMS) 14 kTons
4 T solenoid

15m x 22 m
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ATLAS and CMS EL06)1a eIt Re li{=1=Ia]0
ATLAS

Large magnet cost (40%)
* good stand-alone muon resolution (BL?)
* less resources spent on ECAL and tracking

CMS

Lower magnet cost (25%)
* high-resolution tracker
* high-performance ECAL
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CMS magnet

HLF
i “_'I-”Illl,

o MR .
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ATLAS magnet
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Detector technology

Tracking: Inner
barrel

endcap

CMS

pixels
silicon strips

silicon strips

ATLAS

pixels
silicon strips / straw tubes

silicon strips / straw tubes

ECAL: barrel

end cap

crystals (PbWOQy)
crystals (PbWOy,)

liquid argon / Pb
liquid argon / Pb

HCAL:  barrel
end cap

forward

scintillator / brass
scintillator / brass

quartz / Fe

scintillator / Fe
liquid argon / Cu
liquid argon / Cu-W

Muon: barrel

end cap

drift chambers
+resistive plate

cathode strip

+ resistive plate

drift tubes
+resistive plate
cathode strip

+ thin gap



: L1 trigger (high lum.)
LHC Rates high 8¢ :
e lum. L (GeV) (kHz)
\/S =14 TEVg. 1034 cim S l rate ev/year Tﬂggei Thresh. Rate

iso. e/y 34 6.5
||st| = hll)? | 2 ely 19 33
T T llevzl-l_ iso. [t 29 6.2
araware 2!.,[ 5 1-7
T 101 5.3
level-2/3 | 9¢ 67 3.6
ftwar .
= e [ SOOI et 250 1.0
—~  Hw” 3jet 110 1.0
tattd (0P 4jet 95 1.0
Vi 1 [TeVijets jetE ™ 113/70 4.5
T j“’s e.jet 25/57 1.3
e Lejet 15/40 0.8
; min. bias 1.0
102 total (10% overlap) 33.5
(designed for 100 kHz with >3 safety)

-rrimiz TeV exotica

3

I o | \:
E T ¥ i -----' -=|'|Z '10
| R ‘3"‘

00 200 i56[:' | 1uuu 2000 o0 L.ast event: .\fl:= e

TS (i3 (X0 for super-highlums| .1y, 111c 1.

EPPSR 11 ronhlf —p.16/58




Standard-Model Higgs

Recent Studies B J‘x [

Wb ----H RAECEEES: |
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Incluswe Cross Secnon Evenlts

o(pp—=H+X) 11(;? th™

Vs =14 TeV
m, =175 GeV
CTEQ4M
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SM: H’ Branching Ratio and Width
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SM: ttH'
final state: |
qqb Ivb bb , LT o e

event selection: main backgrounds:
lepton, 4 b-tag jets, 2 non-b jets, (tbb, ttZ
W mass, { mass (2) V. Drollinger et al.

bE, b Rapidity ; o ]
Mean LuEs B ]_?ﬂ[ - Bﬁ 'ED_I T

k=15

WV
-
2
(=]

Mlean
RMS
DLW

S TL W TR

w,: 115 GeVic® m,: 115 GeVie®

TTT |||||||||||||||
entcies S 0.0 rad
el £
=
(o]

&
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&
Ly
Lo
g
g
LF]

gen m, 115 GeVie® ]
const. - 136323706

mean - 1103+ 414 ]
sgmac 14321£370

P s B
2 i 4
ik, ]l [rad]

efficiency:

(TH (115 GeV) 1.3% 2 ovmmnsne 1], 3
ttbb 0.4% m () [GeVic’]
it7 0.2%

J. Rohlf LHC IV p. 9
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final state: I'v bb

c =23 pbatM =100 GeV,

huge backgrounds from: b-tag is
tf (570 pb), tb (320 pb),
Wjj (30 pb),WZ (27 pb)

SM: WH’— Wbb wawﬁfw
i’ \\\\H<.b

. b-tagging " | 2

prasel reazcarlayyr

elfirfeny [F]

L woth dillerert oiipl-cuts &
Jets of 205 B3/ uneverts o

important

RIS
V. Drollinger ef al.

gen. m; LLS Gevic®
i3

comet,: 3M.TE535 mistagging probaby ity |4

mean @ LLLE+3IET =t — ————

cigma: L33L+27L s ! P ]
T g . WWH "o

L. =300 fb &
coupliin
{17.3) min bias pPHRE! ,

m,, lid) [CeVie']

1 1 I 1 | 11 | 1 1 1
20 130
L Rohlf, LHC IV p. 10 generated mass [GeVic]




i J. Rohlf, LHCIVp. 11
SM: v, WW, Z Z <Lw
H-==A 1] .

CMS Warhorses
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SM Higgs: Summary

Observable in multiple modes over entire mass range.

102F T | L oo,

i high luminosity, 100 fb™
Iviv

qqH

FTTT 1,
signal G J]FVJ]
significance

10 Ij i
HH

jibivibh

_/
L

m (Gev) ¢

J. Rohlf LHC IV p. 12
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Higgs reach Ly

ﬁ
-
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&
W
5
7

(1L dt =308
{no K-factors)

ATLAS

H—= 7y
ttH(H — 'hhl
H =SZZ" = 41

r H - WwW'' = iy

gqqgH — qg Ww'"!
qgqH — qq 1
Total significance
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MSSM Hi ooy Minimal Supersymmetric Standard Model

... 4 3-ring circus of Higgs bosons
¢ Two parameters:

tang = 2 (where v, = v2(®%),v4 = V2(39)) and m 40
¢ LLEP limits are substantial!
= stay alive with maximal top-squark mixing
¢ /i’ behaves like SM-Higgs and is light

= low-mass SM channels are important
250
|

Ui LIS 7 meximal mixing
max. mixing R TP g — —200 GeV

MSUSY — 1 TE?

min. mixing

m =1TeV
(decoupling limit)

Higgs Mass (GeV)

RSl T e |
10
tan 3
Review of Higgs Physics:
J. Gunion PASCOS 03.




MSSM H lggs couplings:

bbH®, bbA® ~ tan
7T H’, 7T A~ tanf

Radiation from b’s is important 1T also an important decay

olpp —> H, A+ X) (pb)
tang = 30
CTEQ4L structure functions

| bb
tan) =30

T

L

g
B
Cor

\

o

-, BE
™
L —
Ty
LS
.
[
| ke S ™ | | | S Fo— I P |

3 100 200 500 1000
m, (GeV) M, [GeV]

J. Rohif, LHC IV p. 14

e BT T 1L

"

P

HIGLU /HQ, LO aross sections
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MSSM: be”/A — bbt't — bbjj

3 b p— R. Kmnunen, A leltenko

#HA”T—‘!tWOJﬂts+T

1
i 60 b m, =500 GeV |

trigger

impact parameter = o o
Ad(J)<178° o0 aon 610 o0
mass reco. (GeV)

b-tag E >20 GeV
T

2" jet veto
l mass cut

signal +

i)

20% background from
W, Z, top after cuts

J. Rohlf LHC IV p. 15
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MSSM: bbH’/A — bbt't — bblj

~mass window (220-400 GeV)~  t-selection reduces b background
lepton isolation b-tag reduces W/Z background

After cuts, W—1 from top
dominates background

‘Ebackground | 1 selection
b-tag
R. Kinnunen, A. Nikitenko

30 fh! m, = 300 GeV

> cuts | g tanf3 =40
Backgrounds before b-tag B

/Z,'}' —F

‘JJ7 Background
i | | | | | | | |

[ R o AT e S0 M O T N O ] 0 ) I T
T st o .r 20 100 150 200 250 300 350 400 450 50(
TEQ Z0e 250 300 2Z50 1023 150 500

m (GeV) = i(Gev) m_ (GeV)

J. Rohif LHCIVp. 16
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MSSM: bbH’/A’ — bbt't — bben

S. Lehti

2 isolated high-p_leptons: . :
no track p_>2 GeV with AR < 0.3 a0 [ 30 b

events [o : m =200 GeV
main background from top, Z per [ A

b-tag suppresses the WW background 10GeV., . tanf3 = 20

a0

J |

o [

iso. lepton, p, >20 GeV, i<2.5

0 F

" signal +
background impact parameter

n - ] | I
200

m_ (GeV)

b-tag E _>20 GeV

(¢'e” and W' suffer from
high DY background)

J. Rohlf, LHC IV p. 17
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MSSM: HYA’— 'y’ — 4l

Easy target it kinematically possible

' l
ool &
Backgrounds from SM Ky g, g,

(tt, ZZ, Zbb, Zcc, Wib) HY/A® o |
and SUSY are suppressed “Uty,

P

with jet and Z veto Koy

Hitry, 5
iy, I m"

100 fb™*

m, = 350 GeV

pckground [moinky BUET)

J. Rohlf, LHC IV p. 18
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. B Radiation from a b-quark
tH — tTV ’
tH— tt'v

hadronic tau decay

Main backgrounds: R. Kinnunen

“T’ W4 X events :' 30 fb_l
mpgev i m = 400 GeV
16 E >100GeV :
10 prET > 0.8
missing E > 100 GeV
3jets E >20 GeV
|m —m |<:Z 15 GeV T L Too e

1oz - Signal + e m (1, miss. E_ ) (GeV)
= backgrﬂund b-tag E >30 GeV
| [
Ad(t, miss E_) < 60°

J. Rohif LHC IV p. 20
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MSSM: bbH’/A’ — bbu'u

i & o small BR:
(mu[mr)z =4x 107

clean signature

20 b R. Kinnunen

Chl2/ ndi=71.84/ 55
s pd  =54.53+4916

Reconstructed dimuon system massl e p1 =180.7 + 0.4928
' 220/ m, = 150 GeV p2 = 4.451+ D.549
events ., L tanp = 30 p3  =10.51+ 01472
per 1a anp = pd  —-0.04208 + 0.0071101

GEV THa : e A+H signal
T49) « DY background

=8 ® tt background
Mean =150.1 100

Dimuon system invariant masq

Constant = 74.57

Slgma = 3.321 80
ad|

T I| IIIII IIIIIII| I| T III|III|

—
u—.———_—r!-' = J_l_llr [T o ! Vi i - e W -
130 140 150 160 170 a —
m (G BV) 150 164
A m (GeV)

B

J. Rokif LHC IV p. 21 tt background reduced with central jet veto
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MSSM Higgs: Summary

SM-like /°
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J. Rohlf, LHC IV p. 22

111 Rrohlf — p.32/58



ATLAS+CMS Elohions

ATLASCMS
LLdt=10 fb7' fexp
~ Maximal mixing

. -H/A = 77— had had
\//%

‘éstotisticolly combined
H/A — 77 “hth, h—>bb

—> lep had 17

/
/
‘.

tth, h—>bb

N
\
s
A
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SUSY: Sparticle Search

Supersymmetry

:

m = 400 GeV

Ay =0 S R S Rri s REMELL

0
RE SN e 6 2 4] « b, (1690
tanp =35 TR | Wil - 1, (16%9)

- o b, (1619)

Mass scale (GeV)

e 1,(1249)

. ];31:(1057}
$ " xg(lm
EHHL L 25 (1086)

e 1y (759)
T £2(754)

T - i1 AW a4l i w09
el i v It ] e

Distinctive signature of leptons, e , i
jets, missing E_for some events 7 7y T RN e

J. Rohlf, LHC IV p. 23




J. Rohlf. LHC IV p. 24

- Event signature:
Xl 2 leptons, p_{_>l 5GeV, nj<2.4

_ == = ﬂ P
m55au;3:ggp¢e}i5¢e¢ue;;(hm ﬁmif;eﬁm‘m;gmm Y 2 b ] etS, p_[.>20 GeV, |n‘< 2.0
pair—produced with (= [+ Large Missing E.

squark or 2™ gluino b b

(1 or 2 jets + missing £ ) SM backgrounds:
tt, Z+jet, W+jet,
Example: m =375 GeV, m =120 GeV, tanB =20 7z Ww. ZW

500 b missing E, > 250 GeV A. Tricomi et al.

200

nwt Z end—point: | ® 739+14 GeV | | 7 913%10 GeV
13943 GeV |

IR

15

10

L

- - [ 1 |8 4-'5:a"- S I (LR L = I T L V(LS I g Ly L g Iy
100 150 200 250 300 © 400 oo 80D 1000 1200 1400 BO0O 1000 1200 1400

nton mass (GeV) b mass (GeV) g mass (GeV)




m S U G RA Minimal Supergravity

gaugino S. Abdoulline  squark

2200 00
LA {Gev)

: miss | T, :
« 2000 1 Ep 4+ jels s |
Gy 8 2500 \ tan fp =30,

L = 2000 GeV

1800

M. - 200 GeV,

1600

A, =0,

M EL = 200 GeV,

1400

1200

M = 100 GeV,

_Thﬂuratic.‘aliy a}(cluded .

1000 - : . :
s =14 TeV - 10016, 200 fo” Ry ' K/
' M. = 500 GeV.

i

800 |
i -1
= ; [La-w0n

00

500 1080 1500 g 2500

m; { Gie¥)

0 | | IEL:IDI 1I.'Il‘.'IDI | 150[!' - IEDUD
m, (GeV) gluino

scalar

J. Rohlf, LHC IV p. 25
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Kaluza-Klein \ . \ iﬁi

Gra v l to n / IIIIIIIIIIII\

Randall—Sundmm Model o e b= 86fb ___ Muons
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o e e

D T T T
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Exploiting the geometry of spacetime s
to solve the hierarchy problem. 10
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ATLAS EUERERSS

10 fb-

M =4.7 TeV

_ Mg=6.7 TeV

1000 1500 2000 2500 3000 3500 4000 4500 5000
M, (GeV)
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Corrected for:
* acceptance
* reconstruction efficiency
* resolution
crystal saturation

pileup at 10* em*s™

Backgrounds:
Drell-Yan 2%

< 1%

J. Rohlf LHC IV p. 27
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Technicolor INIFSS

Moy = 220 GeV/c”

Mrm; = 110 GeV/c’

Moy = 800 Gev/c*
4

entries / 10GeV/¢?

900 1000
M (GeV/c®)

entries / 10GeVv/c*

~
<
=~
QO
(&)
o
—
~
0
Q
=
=
fwd
(]

q ™~
1+ resonances Direct production of o bb resonances

800

M (GeV/c®)

NEPPSR I Rohlif - p.40/58



CMS Mass Reach: Summary

Grayiton L7

Luminosity upgrade
extends the mass reach
by about 20 %.

SUSY
squark/
y luin

Mass 4
(TeV) ,

SUS

Amim ~ 0.1% gaugino/ l
(heavy higgs) 5—+AI/T" ~ 5-10% scalar
- Ac/o ~ 10% (tanP=35)

— SM Higgs

complete
coverage

J. Rohlf LHC IV p. 28
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Longitudinal W/Z° Scattering

UNITARITY LIMIT @ Vi =2 TeV
GeS =821 , NI GJS={. \I”_‘EH
SEARCH FOR W.W. SCATTERING HISTORIC ANALOEY 0%

1 CLASSICAL RADIVS oF ELEcTRON

Zo = €/ et x 107" em
AT becby, CED FAILED.

Possible 7~ —
scenario: FSiSonTTIIn BUT THERE [S NOTHING SPECIAL rk_f

i at t~/0TPcu OR p~Fo0Muj
7o — "4 PAPER TI6ER

i |
W sion 2 How€vER AT  Z4= Y% fut= */het
22 NEW FUNDAMENTAL PRINCIPLE
B qqZZ (SM) @uaNToM MECHANICS

e
e

3. AND AT A, = Tofx = #/me
RELATIVLET /L GUANTUM FIELD
THECRY

Lo aml Q. WERE REAL'TIGERS]

%00" 600 700 800 900 000 1100 1200 Super-high luminosity is essential!

J. Rohif, LHC IV p. 29 n 77 (more energy would be better)
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T e discovery

Compositeness " energy

Contact interaction of probe

modifies Drell-Yan 7 e 4

‘ LHC
Cross section gets a term s/(0tA”), where s = m§+€_ '{ 5 TeV

. 2
Dommates when s >> A A. Gupta et al. ;5(0533%1-5

56 limit today’s limit
400 GeV

Tevatron
UA1l

30
23
26

A24

240
18

(Tevatron limit)

16 I

1
L Rt S [, |

r
200 400 T quark

Inteq. Luminosity (fb™") 1GeV

= 50 years I
10001b™ = -~ x100 p,n
1A =20TeV ‘reach to A =50 TeV e

132 ev, : e, AR nucleus
100 b jet angular distribution 10 MeV

111 rohlf — p.43/58



Asymptotic freedom [eS B EERSREL Y

Quark Scattering

2n g In tan(06/2)
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Scattering quarks [etls

G. Arnison et al,
Phys. Lett. 177B, 244 (1986).

qq (1986)

e 1/r? strong force
e spin 1 gluon
e pointlike quarks

dcost ~ G

do 2( hc \2 1
& <ECM) (1—cos 6)?
NEPPSR III Rohlf - p.45/58



Scattering quarks [etls

G. Arnison et al,
Phys. Lett. 177B, 244 (1986).

qq (1986)

«Au (1913) e 1/r? strong force
e spin 1 gluon
e pointlike quarks

dcost ~ G

do 2( hc \2 1
& <ECM) (1—cos 6)?
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ATLAS: silicon + straws ~ CMS: silicon

ATLAS | 80OM ch, 2 m? | 6M ch, 60 m? 420k ch.
cMS | 50M ch, 1 m? | 10M ch, 220 m?
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ATLAS: liquid argon / Pb CMS: crystal (PbWO,)

middle 0.025 x 0.025
back 0.05 x 0.025
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HCAL ReElis
ATLAS: scintillator / Fe CI\/IS scmtlllator/brass

front 0.1 x 0.1

extended barrel | 0.8 < ‘77| < 1.7 back 0.2 x 0.1

| < 1.4 11-15 A | 0.087 x 0.087
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- HCAL EEleierTe

ATLAS: I|q argon/Cu CMS: scintillator / brass

R T T —
1.5 < |n| < 3.2 | 8% 9\ 1.5 <l <25 0.1 x 0.1
1.4 < |n| < 3.0 | 10% 11\ | 14<y <1.70.087 x 0.087
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CMS endcap [elaitgleliiilo]aRe] #USSETNNEWLY,

1 U.I' 11S
Swords Into
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Muon Barrel Lliisilf=s
ATLAS

Multilayer
Distance

30 mm diameter 42 mm x 13 mm
o = 100 pm o =300 pum
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Muon End cap [eliglels [ tileRelgtaalo[s1gs

ATLAS

'/

T lcowage spaceres |tmeres.
L < o] <27, 4 disks

1 < |n| < 2.4, 4 disks | 75-150 pm
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/

// The

17 Jimmy Fund

~ DANA-FARBER CANCER INSTITUTE

—
3

_4—\._

~- Experimental
Wl 1= high-energy

1 e physics  is  not
unlike fishing...

to be successful
you gotta know
where (and how!)

S - | = ~ to fish!
- - =~ NEPPSR III rohlf—p.53/58



Feynman &

"l am more sure of the conclusions than of any single
argument which suggested them to me for they have an
Internal consistency which surprises me and exceeds the

consistency of my deductive arguments which hinted at
their existence."

Richard Feynman, “Very High Energy Collisions of
Hadrons,” Phys. Rev. Lett. 24, 1415 (1969)
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Feynman &

"l am more sure of the conclusions than of any single
argument which suggested them to me for they have an
Internal consistency which surprises me and exceeds the
consistency of my deductive arguments which hinted at
their existence."

Richard Feynman, “Very High Energy Collisions of
Hadrons,” Phys. Rev. Lett. 24, 1415 (1969)

Sound confusing? Things were a mess!
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M CTe[[ei{lslsWad L ondon conference (July 1974)

R _ Ue+e_—>hadrons _ ZQQ
Oe"‘e_—> + !
W

T

0.36 Bethe-Salpeter bound quarks Han-Nambu with charm

2

S~

II\) N -
ol

3 Gell-Mann Zweig quarks 6.69 - 7.77 Broken scale invariance

vector meson dominance | Tati quarks

composite quarks trace anomaly Il

10/9 Gell-Mann Zweig with charm gravitational cut-off

colored quarks broken scale invariance

vector meson dominance I SU192 X SU»9

vector meson dominance Il rm SU1g X SU16

31/3 colored charmed quarks high-Z quarks

4 Han-Nambu quarks

Reported by John Ellis

Schwinger’s quarks

OO partons

18 | suixsus
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November Revolution ke

Charmonium:
Quantum mechanics of two
spin 1/2 particles.

S=1/201/2

. = radial QN
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The next step

“An even more fundamental set of questions which

| find more interesting than the number of quarks...
have to do with the possiblility of a unified picture of
forces In nature... Weinberg and Salam have made

the first models of a unified weak and electromagnetic
Interaction theory... The experimental information

required to establish these unified pictures will almost
certainly require still higher energies: several hundred

GeV In the center-of-mass and again, | believe, in the

ete” system.”

Burt Richter, Nobel Lecture (1976).
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The next step

“An even more fundamental set of questions which

| find more interesting than the number of quarks...
have to do with the possiblility of a unified picture of
forces In nature... Weinberg and Salam have made

the first models of a unified weak and electromagnetic
Interaction theory... The experimental information

required to establish these unified pictures will almost
certainly require still higher energies: several hundred

GeV In the center-of-mass and again, | believe, in the

ete” system.”

Burt Richter, Nobel Lecture (1976).

Letter from Richter to Carlo Rubbia on pp:
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EVENT 2958,




=re e8Il 10-100 million channels

The readout Is made possible by two important devel-
opments Iin the last 5-10 years:

avallability of millions of logic gates in a single
package at low cost (< $10~* per “transistor”)

avallability of radiation hard electronics

First transistor 1947 Modern FPGA 2004

T T Ty
Bl kbbb
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prediciting the trend

What has been Learnt from thelast 15 Years ?

Evolution of Line Width

Eraa

10pm

D

i Pet

4+ (1985) -

"Moores Law '

Wi

A plot made
in 1985

L Pk

2000

Peter Sharp CERN CM SElectronics 2003 5
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26 km of superconducting magnets

'Iln
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LHC Prﬂg ress “ .-"m.i.'f'n:!-:‘ralxlrr
Dashboard Fechnotogy

Department

Dipole cold masses
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T3
B
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L

|:| I T
Oo4-dar01 o4-dan0z2 Oo4-Jdari0z 01-dar0g 04-Jdan-05 01-darn0sg Oo4-darn07

m— Contrachial == Cuollared coils e Dz fivered cold mazsses et intime

Updated 31 Jul 2004 Data provided by P, Lienard AT-MAS
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Physics will not go as planned...




LHC physics is almost here (!)

Higgs Is the planned discovery, but the excitement Is
the UNKNOWN

How could anyone not want to participate?

NEPPSR III Rohlf - p.65/58
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