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The Next  Linear  Collider
and t he Or igin of  Elect r oweak Physics

• What  is t he Next  Linear  Collider ?
• Elect r oweak Physics

– Development
• unif icat ion of  E&M wit h bet a decay (weak int er act ion)

– Pr edict ions
• eg. MW, MZ, …….

– Missing component s
• or igin of  symmet r y br eaking (Higgs Mechanism)

• The Hunt  f or  t he Higgs Boson
– Limit s f r om LEP2 and f ut ur e acceler at or s

• Ot her  invest igat ions
– super symmet r y, ext r a dimensions
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Par t icle Acceler at or s
• I n t he sear ch of  t he t he most  f undament al laws of  physics, lar ger ,

and mor e ener get ic acceler at or s have been built  in many par t s of
t he wor ld

• Most  of  t hese ar e cir cular  machines, which allow t he count er -
r ot at ing par t icles t o t r avel ar ound t he acceler at or  over  and over
again and occasionally collide
– pr eser ving t he cur r ent
– incr easing par t icle ener gy wit h each cycle

r ot at ing par t icles
count er -

collide
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Linear  Collider s

• Acceler at ion of  elect r ons in a cir cular  acceler at or  is
plagued by Nat ur e’s r esist ance t o acceler at ion
– Synchr ot r on r adiat ion
–  ∆E ~ (E4/ m4 R) per  t ur n   (light er  par t icles r adiat e st r ongly)
– eg. LEP2        ∆E/ E = 4 GeV/ 100 GeV        Power  ~ 20 MW

elect r ons posit r ons

• For  t his r eason, at  ver y high ener gy it  is pr ef er able t o
acceler at e elect r ons in a linear  acceler at or , r at her
t han a cir cular  acceler at or

GeV is the st andard unit  of  energy in part icle physics
Giga- elect ron Volt  = 1, 000, 000, 000 eV
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Linear  Collider s

• Synchr ot r on r adiat ion
–  ∆E ~ (E4 / m4 R)

co
st

Ener gy

Linear  Collider

Cir cular
Collider

• Ther ef or e
– Cost  (cir cular )    ~  a R  + b ∆E     ~ a R + b (E4 / m4 R)

• Opt imizat ion  R ~ E2      ⇒ Cost  ~  c E2

– Cost  (linear )  ~ ac�L,   wher e L ~ E

• At  high ener gy,
linear  collider  is
mor e cost  ef f ect ive
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The Next  Linear  Collider

• A plan f or  a high-ener gy, high-
luminosit y, elect r on-posit r on
collider  (int er nat ional pr oj ect )
– Ecm = 500 - 1000 GeV
– Lengt h   ~25 km   ~15 miles

• Physics Mot ivat ion f or  t he NLC
– Elucidat e Elect r oweak I nt er act ion

• par t icular  symmet r y br eaking
• This includes

– Higgs bosons
– super symmet r ic par t icles
– ext r a dimensions

• Const r uct ion could begin ar ound 2005-6
and oper at ion ar ound 2011-12
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The Fir st  Linear  Collider

• This concept  was demonst r at ed at  SLAC
(St anf or d Linear  Acceler at or  Cent er )  in a linear
collider  pr ot ot ype oper at ing at  ~91 GeV (t he SLC)
– Or egon collabor at ed

• SLC was built  in t he
80’s wit hin t he exist ing
SLAC linear  acceler at or

• Oper at ed 1989-98
– pr ecision Z0 measur ement s
– est ablished LC concept s
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The Next  Linear  Collider

• DOE/ NSF High Ener gy Physics Advisor y Panel
– Subpanel on Long Range Planning f or  U.S. High Ener gy Physics

– A year  long st udy was r ecent ly concluded wit h t he r elease of
t he r epor t  of  r ecommendat ions

– A high-ener gy, high-luminosit y elect r on-posit r on linear  collider
should be t he highest  pr ior it y of  t he US HEP communit y,
pr ef er ably one sit ed in t he US
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T he next Linear Collider proposals  include plans to
deliver a few hundred fb-1 of integrated lum. per year

                      TESLA          J LC-C        NLC/ J LC-X *

                                   

design                (1034)           3.4 o  5.8          0.43             2.2 o 3.4

ECM            (GeV)          500 o 800          500           500 o 1000

Ef f . Gr adient   (MV/ m)    23.4 o 35             34                   70

RF f r eq.           (GHz)             1.3                  5.7                 11.4

∆t bunch          (ns)        337 o 176           2.8                  1.4

# bunch/ t r ain               2820 o 4886         72                  190

Beamst r ahlung   (%)          3.2 o 4.4                              4.6 o 8.8

      *   US and J apanese X-band R&D
cooper at ion, but  machine
par amet er s may dif f er

Ther e will only be one in t he wor ld, but
t he t echnology choice r emains t o be made

The “next ” Linear  Collider
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NLC Engineer ing

• Power  per  beam
– 6.6 MW cw

• Beam size at  int er act ion
– 245 nanomet er s x  3 nanomet er s

(250 GW dur ing pulse t r ain of  266 nsec)

• Beam f lux at  int er act ion
– 1012 MW/ cm2  cw (3 x 1013 GW/ cm2 dur ing pulse t r ain)

• Cur r ent  densit y
– 6.8 x 1012 A/ m2

• I nduced magnet ic f ield (beam-beam)
– 1000 Tesla

St abilize

beam- beam induced bremsst rahlung -  “beamst rahlung”
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S tandard Package:
e+ e�  Collis ions
Initially at 500 GeV
E lectron Polarization  ≥ 80%

Options:
Energy upgrades to �∼ 1.0 -1.5 T eV
Pos itron Polarization (~ 40 - 60% ?)
JJ Collis ions
e� e�  and e�J Collis ions
Giga-Z  (precis ion measurements)

The “next ” Linear  Collider



Univ. of Puget Sound,
J. Brau, March 7, 2002

12

Past  30 year s ⇒ Tr emendous
Pr ogr ess in Par t icle Physics

• St andar d Model
– All known mat t er  is made f r om t hr ee f amilies

(gener at ions) of  quar ks and lept ons which
int er act  t hr ough t he f or ces:

• elect r oweak
– unif ied elect r omagnet ic and weak

• st r ong
• gr avit y
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The St andar d Model

The heavier  par t icles, such as t , b, and W�

ar e pr oduced and st udied at  high ener gy acceler at or s,
and wer e common in t he ear ly univer se

Ever yday mat t er  is composed 
of  t he light est  quar ks and lept ons

helium at om
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Elect r oweak Symmet r y Br eaking

• A pr imar y goal of  t he Next  Linear  Collider  is t o elucidat e t he
or igin of  Elect r oweak Symmet r y Br eaking

– The weak nuclear  f or ce and t he elect r omagnet ic f or ce have been
unif ied int o a single descr ipt ion  SU(2) x U(1)Y

– Why is t his symmet r y hidden?
(or  why do t he t wo f or ces appear  so dif f er ent ?)

– The answer  t o t his appear s t o pr omise deep under st anding of
f undament al physics

• t he or igin of  mass

• super symmet r y and possibly t he or igin of  dar k mat t er

• addit ional unif icat ion (st r ong f or ce, gr avit y) and possibly hidden
space-t ime dimensions
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Elect r omagnet ism and Radioact ivit y

• Maxwell unif ied Elect r icit y
and Magnet ism wit h his
f amous equat ions (1873)

• Mat t er  spont aneously emit s
penet r at ing r adiat ion
– Becquer el ur anium

emissions in 1896

Could t his new int er act ion
(t he weak f or ce) be
r elat ed t o E&M?

– The Cur ies f ind r adium
emissions by 1898
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• Fer mi develops a t heor y of
bet a decay (1934)

n → p e- νe

Advancing under st anding
of  Bet a Decay

• Pauli r ealizes t her e must  be
a neut r al invisible par t icle
accompanying t he bet a
par t icle:
– t he neut r ino

neut r ino

bet a 
ener gy

• 1955 - Neut r ino discover ed by
Reines and Cowan - Savannah
River  React or , SC
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• Dir ac int r oduced t heor y of  elect r on - 1926

• cur r ent  values of  elect r on (g-2)/ 2

t heor y: 0.5 (α/ π) - 0.32848 (α/ π)2 + 1.19 (α/ π)3 +..

 = (115965230 ± 10) x 10-11

exper iment  = (115965218.7 ± 0.4) x 10-11

St at us of  EM and Weak Theor y in 1960

Quant um Elect r odynamics (QED)

• Thr ough t he pioneer ing t heor et ical wor k of
Feynman, Schwinger , Tomonga, and ot her s,
a t heor y of  elect r ons and phot ons was
wor ked out  wit h pr ecise pr edict ive power

• example: magnet ic dipole of  t he elect r on
[(g-2)/ 2]      µ = g  (eh/ 2mc)  S
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• Fer mi’s 1934 point like, f our -f er mion int er act ion t heor y

         V-A

St at us of  EM and Weak Theor y in 1960

Weak I nt er act ion Theor y

• Theor y f ails at  higher  ener gy, since r at e incr eases
wit h ener gy, and t her ef or e will violat e t he “unit ar it y
limit ”
– Speculat ion on heavy mediat ing bosons but  no t heor et ical

guidance on what  t o expect
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The New Symmet r y Emer ges
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Ent er  Elect r oweak Unif icat ion

• Weinber g r ealized t hat  t he vect or  f ield r esponsible f or  t he
EM f or ce
– (t he phot on)

and t he vect or  f ields r esponsible f or  t he Weak f or ce
– (yet  undiscover ed W+ and W-)

could be unif ied if  anot her  vect or  f ield, mediat ed by a heavy
neut r al boson (Z), wer e t o exist

• This same not ion occur r ed t o Salam

t an θW = g’/ g
sin2θW=g’2/ (g’2+g2)

e = g sin θW = g’ cos θW

e J µ
(em) Aµ

L = e J µ
(em) Aµ
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Elect r oweak Unif icat ion

• Ther e r emained a phenomenological pr oblem:
– wher e wer e t he ef f ect s of  t he Z0

• These do not  appear  so clear ly in Nat ur e
– t hey ar e small ef f ect s in t he at omic elect r on ener gy level

• One has t o look f or  t hem in high ener gy exper iment s
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Neut r al Cur r ent s Discover ed!

• 1973 - giant  bubble chamber  Gar gamelle at  CERN
– 12 cubic met er s

of  heavy liquid

• Muon neut r ino beam
• Elect r on r ecoil
• Not hing else

• Neut r al Cur r ent
Discover ed
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• Weinber g-Salam Model pr edict s t her e should be some par it y
violat ion in polar ized elect r on scat t er ing
– The dominant  exchange is t he phot on (L/ R symmet r ic)

polar ized 
e

Conf ir mat ion of  Neut r al Cur r ent s

sin2θW = 0.22 ± 0.02

γ + Z

Z exchange violat es par it y

gR z gL

An asymmet r y of  10-4d

polar ized 
e

d

– This was obser ved by Pr escot t  et  al. at  SLAC in
1978, conf ir ming t he t heor y, and pr oviding t he f ir st
accur at e measur ement  of  t he weak mixing angle

– A small addit ion of  t he weak neut r al cur r ent  exchange leads t o an
expect ed asymmet r y of     ~ 10-4  bet ween t he scat t er ing of  lef t
and r ight -handed elect r ons
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The W and Z Masses

• Knowing sin2θW allows one t o pr edict  t he W and Z
boson masses in t he Weinber g-Salam Model

~ 80 GeV/ c2

~ 90 GeV/ c2



Univ. of Puget Sound,
J. Brau, March 7, 2002

25

Discover y of  t he W and Z

• Mot ivat ed by t hese pr edict ions,
exper iment s at  CERN wer e mount ed t o f ind
t he W and Z

β− decay                  β+ decay
q ant i-q annihilat ion t o W±



Univ. of Puget Sound,
J. Brau, March 7, 2002

26

Discover y of  t he W and Z

• 1981 - ant ipr ot ons wer e st or ed in t he
CERN SPS r ing and br ought  int o collision
wit h pr ot ons
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Discover y of  t he W and Z

• 1981   UA1
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Discover y of  t he W and Z

u dW

e−

νe

p=uud p=uud

W → e− νe

P T

m
i ss P

T
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Discover y of  t he W and Z

• That  was 20 year s ago
• Since t hen:

– pr ecision st udies at  Z0 Fact or ies
• LEP and SLC

– pr ecision W measur ement s at  collider s
• LEP2 and TeVat r on

• These pr ecise measur ement s (along wit h ot her  pr ecision
measur ement s) t est  t he St andar d Model wit h keen sensit ivit y
– eg. ar e all obser vables consist ent  wit h t he same value of  sin2θW

MZ = 91187.5 ± 2.1 MeV    MW = 80451 ± 33 MeV/ c2
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Elect r oweak Symmet r y Br eaking

•Conf ir mat ion of  t he 
complet eness of  t he 
St andar d Model (LEP2)
          e+e- → W+W-e+e- → W+W-
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The Higgs Boson

• Why is t he under lying SU(2)xU(1) symmet r y

br oken

• Theor et ical conj ect ur e is t he Higgs Mechanism:
a non-zer o vacuum expect at ion value of  a scalar  f ield,
gives mass t o W and Z and leaves phot on massless
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St andar d Model
Fit

• MH = 88        GeV/ c2+53
-35



Univ. of Puget Sound,
J. Brau, March 7, 2002

33

The Higgs Boson

• This f ield, like any f ield, has quant a, t he Higgs
Boson or  Bosons
– Minimal model - one complex doublet   ⇒ 4 f ields

– 3 “eat en” by W+, W-, Z  t o give mass

– 1 lef t  as physical Higgs

• This spont aneously br oken local gauge
t heor y is r enor malizable - t ’Hoof t  (1971)

• The Higgs boson pr oper t ies
– Mass <  ~ 800 GeV/ c2   (unit ar it y ar gument s)
– St r engt h of  Higgs coupling incr eases wit h mass

• f er mions:  gf f h = mf  /  v v = 246 GeV
• gauge boson:  gwwh = 2 mZ

2/ v



Univ. of Puget Sound,
J. Brau, March 7, 2002

34

Par t icle Physics Hist or y of  Ant icipat ed Par t icles

Posit r on 1932 - Dir ac t heor y of  t he elect r on

Neut r ino 1955 - missing ener gy in bet a decay

Pi meson 1947 - Yukawa’s t heor y of  st r ong int er act ion

Char med quar k 1974 - absence of  f lavor  changing neut r al 
cur r ent s

Bot t om quar k 1977 - Kobayashi-Maskawa t heor y of  CP violat ion

W boson 1983 - Weinber g-Salam elect r oweak t heor y

Z boson 1984 - “ “
Top quar k 1997 - Expect ed once Bot t om was discover ed

    Mass pr edict ed by pr ecision Z0 measur ement s

Higgs boson ???? - Elect r oweak t heor y and exper iment s
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The Sear ch f or  t he Higgs Boson

• LEP I I  (1996-2000)
– MH > 114 GeV/ c2 (95% conf .)
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The Higgs Sear ch Moves On

• Tevat r on at  Fer milab
– Pr ot on/ ant i-pr ot on

collisions at  Ecm=2000 GeV
– Now

• LHC at  CERN
– Pr ot on/ pr ot on collisions at

Ecm=14,000 GeV
– Begins oper at ion ~2007
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(SM) Mhiggs < 195 GeV at 95% CL.
LEP2 limit Mhiggs > 114.1 GeV.
Tevatron can discover up to 180 GeV

W mass ( r 33 MeV)
and top mass ( r 5 GeV)
agree with precision measures
and indicate low SM Higgs mass

LEP Higgs search – Maximum Likelihood f or Higgs signal at
mH = 115. 6 GeV wit h overall signif icance (4 experiment s) ~ 2V

I ndicat ions f or  a Light
St andar d Model-like Higgs
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precis ion s tudies  of the Higgs boson will be required
to understand E lectroweak S ymmetry Breaking;
jus t finding the Higgs is  of limited value

We expect the Higgs to be discovered at LHC
(or T evatron) and the measurement of its  
properties  will begin at the LHC

We need to measure the full nature of the Higgs
to understand EWS B

T he 500 GeV (and beyond) Linear Collider is  the tool
needed to complete these precis ion s tudies

References:
T ES LA T echnical Des ign Report
Linear Collider Phys ics  Resource Book for S nowmass 2001

(contain references to many studies)

Est ablishing St andar d Model Higgs
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Candidat e Models f or
Elect r oweak Symmet r y Br eaking

St andar d Model Higgs
excellent  agr eement  wit h EW pr ecision measur ement s
implies MH < 200 GeV  (but  t heor et ically ugly - h’ar chy pr ob.)

MSSM Higgs
expect  Mh< ~135 GeV
light  Higgs boson (h) may be ver y “SM Higgs-like” 

(de-coupling limit )

Non-exot ic ext ended Higgs sect or
eg. 2HDM

St r ong Coupling Models
New st r ong int er act ion

The NLC will provide crit ical data f or all of  t hese possibilit ies
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E lectroweak precis ion measurements  suggest 
there should be a relatively light Higgs boson:

   

   Mass Measurement
   T otal width
   Particle couplings

vector bosons
fermions  (including top)

   S pin-parity-charge conjugation
   S elf-coupling

When we f ind it ,  we will want  t o st udy it s nature.
The LC is capable of  cont r ibut ing signif icant ly t o t his st udy.

The Higgs Physics Pr ogr am of
t he Next  Linear  Collider

H
H

H

?

H
?

The Linear Collider could measure all this wit h great  precision
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The LC can pr oduce t he Higgs r ecoiling f r om a Z, wit h known CM ener gy⇓,
which pr ovides a power f ul channel f or  unbiassed t agging of  Higgs event s,
allowing measur ement  of  even invisible decays     (⇓ - some beamst r ahlung)

•Tag Z�l+ l�

•Select  Mr ecoil = MHiggs 

500  f b-1 @ 500 GeV, TESLA TDR, Fig 2.1.4

I nvisible decays ar e included

Higgs St udies
- t he Power  of  Simple React ions
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Higgs Couplings - t he Br anching Rat ios

Measur ement  of  BR’s is power f ul indicat or  of  new physics

   e.g. in MSSM, t hese dif f er  f r om t he SM in a char act er ist ic way.

Higgs BR must  agr ee wit h MSSM par amet er s f r om many ot her  measur ement s.

 bb δ gΗbb /  gΗbb ≈ 2 %
 cc δ gΗcc /  gΗcc ≈ 22.5 %
 W�W� δ gΗW W /  gΗ W W  ≈  5 %
 WW* δ gΗww/  gHww ≈  2 %
 Z Z δ gΗΖΖ/  gHZZ ≈  6 % 
 gg δ gΗgg /  gΗgg ≈ 12.5 %
 JJ δ gΗJJ  /  gΗJJ  ≈  10 %
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St r ing Theor y

• Compelling t heor y of  t he f undament al st r uct ur e of  t he
element ar y par t icles

• Each par t icle t ype is a vibr at ing st r ing in 10 space-t ime
dimensions (act ually 11 - M-t heor y)
– 11 dimensions include 4 f amiliar  space-t ime dimensions, plus 7

addit ional, so f ar  unseen, dimensions

• Unif ies all f or ces, including gr avit y
• Theor y is “well-behaved” at  all ener gies

• Two dr amat ic pr edict ions (caut ion, t his is all st ill speculat ion,
alt hough many physicist s ar e bet t ing on somet hing like t his)
– New spect r um of  par t icles

• super symmet r ic par t icles
– Ext r a dimensions
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Super symmet r y

• all par t icles of  St andar d Model mat ched by super -
par t ner s
– super -par t ner s of  f er mions ar e bosons
– super -par t ner s of  bosons ar e f er mions

• inspir ed by st r ing t heor y
• high ener gy cancellat ion of  diver gences

– well behaved t heor y at  all ener gies

• could play r ole in solut ion t o dar k mat t er  pr oblem
– phot inos, or  ot her  light  super symmet r ic par t icles

• many new par t icles (det ailed pr oper t ies only at
NLC)

St r ongly br oken symmet r y
Super -par t ner s ar e ver y heavy
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Ext r a Dimensions

• st r ing t heor y pr edict s t hese ext r a dimensions
• solves “hier ar chy pr oblem” (Mplanck > MEW) if  ext r a

dimensions ar e lar ge
– anot her  way t o st at e t he “hier ar chy pr oblem” is

“why is gr avit y so much weaker  t han t he ot her  f or ces?”

• lar ge ext r a dimensions would be obser vable at  NLC
(see Physics Today, Febr uar y 2002)
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Lar ge Ext r a Dimensions

• Some of  t he ext r a dimensions could be quit e lar ge

• The exper iment al limit s on t he size of  ext r a dimensions ar e
not  ver y r est r ict ive
– t o what  dist ance has t he 1/ r 2 f or ce law been measur ed?
– ext r a dimensions could be as lar ge as 0.1 mm, f or  example

– exper iment al wor k is under way now t o look f or  such lar ge ext r a
dimensions
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Lar ge Ext r a Dimensions

(see “Lar ge Ext r a Dimensions: A New Ar ena f or  Par t icle Physics”, Nima Ar kani-
Hamed, Savas Dimopoulos, and Geor gi Dvali, Physics Today, Febr uar y, 2002)

An excit ing new idea explains t he hier ar chy pr oblem

• I n addit ion t o t he t hr ee inf init e spat ial dimensions we know about ,
it  is assumed t her e ar e n new spat ial dimensions of  f init e ext ent  R.

• The space spanned by t he new dimensions is called "t he bulk."

• Par t icles of  t he st andar d model (quar ks, lept ons, and gauge bosons)
all live in our  f amiliar  r ealm of  t hr ee spat ial dimensions, which
f or ms a hyper sur f ace, or  "3-br ane" wit hin t he bulk.

• The pr opagat ion of  elect r oweak and st r ong f or ces is t hen conf ined
t o t he 3-br ane.

• Gr avit y is dif f er ent :
– Gr avit ons pr opagat e in t he f ull (3 + n)-dimensional space
– t his may be why gr avit y is so weak
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Lar ge Ext r a Dimensions
• Gr avit y is dif f er ent :

– Gr avit ons pr opagat e in t he f ull
(3 + n)-dimensional space

(see Large Extra Dimensions: A New Arena for Particle Physics, Nima Arkani-Hamed,
 Savas Dimopoulos, and Georgi Dvali, Physics Today, February, 2002)

• I f  t her e wer e only one lar ge ext r a
dimension, it s size R would have t o
be of  or der  1010 km t o account  f or
t he weakness of  gr avit y.

• But  t wo ext r a dimensions would be
on t he or der  of  a millimet er  in size.

• As t he number  of  t he new
dimensions incr eases, t heir  r equir ed
size get s smaller .

– For  six equal ext r a dimensions, t he
size is only about  10-12 cm

Explaining t he weakness of  gr avit y
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Lar ge Ext r a Dimensions

• Ot her s br anes near  our  br ane?

• The physics on t hose ot her  br anes
– t he par t icles and t heir  f or ces

may be dif f er ent  f r om our s.

(see Large Extra Dimensions: A New Arena for Particle Physics, Nima Arkani-Hamed, Savas Dimopoulos, and Georgi Dvali, Physics Today, February, 2002)

• Never t heless, t heir  pr esence would inf luence physics on our  br ane.
– That ' s because br anes ar e sour ces f or  bulk f ields, much as char ges ar e

sour ces f or  t he elect r ic f ield. The values of  t hese bulk f ields at  t he
locat ion of  our  br ane may det er mine t he par amet er s of  our  st andar d
model

• f or  example, t he elect r on mass,
• t he Cabbibo angle,

• and t he elect r oweak-mixing angle.

– Conver sely, t hese par amet er s pr obe t he locat ion of  t hose ot her  br anes
in t he bulk.
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Lar ge Ext r a Dimensions

(see Large Extra Dimensions: A New Arena for Particle Physics, Nima Arkani-Hamed, Savas Dimopoulos, and Georgi Dvali, Physics Today, February, 2002)

• Folds of  our  own 3-br ane.?

• I t  might  be t hat  t he ast r ophysical and cosmological anomalies we
at t r ibut e t o "dar k mat t er " ar e act ually weak manif est at ions, acr oss
shor t  int er vals of  t he bulk, of  or dinar y mat t er  in adj acent  f olds of
our  3-br ane.
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Cosmic connect ions t o Par t icle Physics

• Big Bang Theor y
• Gr and Unif ied Theor y

mot ivat ed inf lat ion
• dar k mat t er
• acceler at ing univer se
• dar k ener gy
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The Lar ge Hadr on Collider  (LHC)

• The LHC at  CERN, colliding pr ot on beams, will
begin oper at ion ar ound 2007

• This “hadr on-collider ” is a discover y machine, as
t he hist or y of  discover ies show

discover y f acilit y of  discover y f acilit y of  st udy

char m BNL + SPEAR SPEAR at  SLAC

t au SPEAR SPEAR at  SLAC
bot t om Fer milab Cor nell

Z0 SPPS LEP and SLC

• The “elect r on-collider ” (t he NLC) will likely be
needed t o sor t  out  t he LHC discover ies



Univ. of Puget Sound,
J. Brau, March 7, 2002

53

Adding Value t o LHC measur ement s

The Linear  Collider  will add value t o t he LHC 
measur ement s (“enabling t echnology”)

How t his happens depends on t he Physics:

•Add pr ecision t o t he discover ies of  LHC
•eg. light  higgs measur ement s

•Susy par amet er s may f all in t he t an β / MA wedge.
•Dir ect ly obser ved st r ong WW/ ZZ r esonances at  LHC

ar e under st ood f r om asymmet r ies at  Linear  Collider
•Analyze ext r a neut r al gauge bosons
•Giga-Z const r aint s
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The Linear  Collider  will be a power f ul t ool f or  st udying
t he Higgs Mechanism and Elect r oweak Symmet r y
Br eaking.

This physics f ollows a cent ur y of  unr aveling t he t heor y
of  t he elect r oweak int er act ion

We can expect  t hese st udies t o f ur t her  our  knowledge
of  f undament al physics in unant icipat ed ways

Cur r ent  st at us of  Elect r oweak Pr ecision measur ement s
and t he development s in par t icle t heor y st r ongly
suggest s t hat  t he physics at  t he LC will be r ich

Const r uct ion could begin ar ound 2005-6 and oper at ion
ar ound 2011-12

Conclusion


