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The Standard Model of Particle Physics

@®co) - _A -, 1
Symmetry: SUB).xSU2) x U(1)y  Seonhrecvtls
R“——""EMH. d byrelan

Particles: spin-1/2 *matter” fermions
* 3 Generations of Quarks (N =3)

HEHRE

* 3 Generations of Leptons (N-=1)

R MK

spin-1 gauge bosons — “*force carriers”

* 8 gluons (g) mediate strong interactions

* Photon (y) mediates electromagnetism

* W= and Z mediate the weak interactions
-— [ Higgs bosen 2]

This structure is experimentally confirmed!
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New particles in SUSY Theory LA

Spin Y2 quarks = spin () squarks
Spin %2 leptons = spin 0 sleptons
Spin 1 gauge bosons =>spin %2 gauginos } o talimes

:hnfﬁmn 3

Spin 0 Higgs =spin Y2 Higgsino
Expernnmentalists dream, ...many particles to search
for!

What mass scale?

Supersymmetry is broken....no scalar with mass of
electron

¥ recall we ‘:lm:lnhd' the #H #{ particles Em[qn. then ki 0 Dirsc
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For heavy top, SSB may follow naturally in SUSY
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Kane, et al. (hep-ph/9312272, Phys. Rev. 48, 6173 (1994))
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-LHC/T evatron will find SUSY
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. qumvﬂry of many SUSY
particles is straightforward

* Untangling spectrum is

difficult
= all particles produced
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SUSY mass differences from
cascade decays;eg
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Precision measurements can’t tell you source of new physics

* Example: try to fit precision data to M55M

— G g id.of = 27 2116
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i M55M slightly bener fit (17% prob)
vs SM (3% prob)
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What is the universe made of?

Stars and galaxies are only 0.1%

Neutrinos are ~0.1-10%

* Electrons and protons are ~5%
Dark Matter ~25%

Dark Energy ~70% daenergy

stars Bayon nautrinos
~——_dark matter

-

-

k!

H. Murayama



Lightest SUSY particle
(LSP) could be dark
maltter candidate!

LLSP i1s weakly interacting,

neutral, and stable

LLSP in range of LC/LHC

L.C can determine LLSP

mass: check dark matter

r}l‘t'_l{] i-l-:l. i'l.}n-H- ] L] 131 L 1:4] l;'l s AT
M, (GeV)

Drees, hep-ph/0210142




LHC & LC improves SUSY mass rﬂsn]ulinn]

LSP muass constraimed at LHC at 109% level

ns I———r —
| LHC
"
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Bachacou, Hinchliffe, Paige, hep-ph™EHT518

=LC input improves
accuracy significantly

*Take LSP mass as input from LC

(GeV) | LHC LU LHC
LCL2%) | LC(1'%:)
Amiz® ) | 9.2 2 |
= L |
Am(/, ) | 9.2 3 I
L |
Am( 7)) |90 3 |
= L |
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Lai
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v L Y Y

Weiglein, LHC/LC Study
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.~ heavy top

* Production mechanism = Wb fusion

q 9
w
b T
[ T+ bW 50 % S T T T
L& 2D 2.8 20 L] L8]
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BR<{ T+ 17 25 G i
o s Aj+ Ay Yukawa couplings
I'— 1h 25 %
. Loeidy 5 2 %
M 1l6n
e}
4N ATLAS Workshop Little Higgs Searches Atheny - May 03
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Lirrle Miggs venwdies
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- M(EH) = 2 TeV 3-10°% pb!
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Selection cuts: - Dvest-Yan

* 2 isolated electrons with

pr* 20 GeV and n| < 2.5
 minimum invariant mass
equal to 800 GeV

mn:n.z{jj‘m

[,
w-n,..-mwn|"‘l~mq H

Backaround:

L] \ =
Drell-Yan (q§ — Z/y — ¢'¢ ) e me @
other bkg's are under evaluation Miete}) (GaV)

4 ATLAS Workshop Little Higgs Searches Ahens — May 03



iLirele Mgy xevereidivn mﬁ ¢"'+ iR

« Production: VBF mechanism 3105 ph!
(vector boson fusion)

WW* — gt - WHIH

M(o) = 2 TeV

 M(0) = 15 TeV

might be suppressed

4 ATLAS Workshop Little Higgs Searches Athens — May 03




Tﬂ liI:au.w..n:u.r.'tl the HP we waed Ermﬁbtmuﬁﬂn;\

R ﬁ-nd.t-u - Sun A rum, 'j.-:u, &L ]
it rare
£¢+_u? /f,..-.‘.ff h ‘/

I Bolk

%, .'; Ex T gunn‘lﬁ / Adg;

.1:", Y =Y .';'ﬂf_g-_.-_'ll . Efﬁ'ﬁ#-‘

v engiom
5w [TeY Oleack
bf‘r_ﬂﬂ bre
e Tre fpuce behrtew 1S e -~
Curved ale GR. ,,Illli..:,,.. \J]
— H - ¥ H:E
- anti dalitrs Spnr.l.
=1k
(T vag. Owrnbace) ad. & 3 S A ~cl.,3'l
B = 2okt = s S
[Riecs Curmdare D I“g::; UJ \J{ ~ My ".l
(n)

= Arv waid Yow weke down i neturally  ~ Ngl

BOT I_{ kv ~2\O we'd  cledamve
Whith 4 ~TeV, [ E.Hl—l' ".1, 1
g\ iy Tw\

— No ‘_-.r* T E

=i

" e (i

L

r_hh- Can fet 1

Kr ~10
netwralls l

H'.iwr-.-':.hj ig an  Gavds E;:r -,j. s *-N-f'p my o Jr-r.t_..

H

e do-we bigr tHiS S 7



kﬂ.lh’lll "If.l-l-lh E'ﬂ E.l‘hh*‘ﬂ"ﬂ s -_ Jrgu;h i d -'i."rlf';:'ll

'box == ‘mom tntham abu.tn-lihﬁ.hnh

] 'ﬁJh-‘i £xtve d,'l.w\

L § 1
..PI: .F'I'*‘F . ?EF .|.‘bu-]‘ YWhin
iy —t Nyt i ¥
w." L- 5&'*"':'.-*%":{_ ,q_,.-..l"l"""
L 1{ fpale WEYE {iﬁ*‘ ke = h/:b‘r "g'nvrn G ™
=Tkve
*  Lre we have AdSs Ps=® ¥, k a

L—-‘J J,(x,) =0

o Bessel ‘.fum..ﬁ-h E

51'1-“{1-1 kh-'.l..
Kk
m, ~ $od handred CeN - fon TeV
n
Louple 1o mMaTTey Al N e T W ()
Axw
- e X
'.-I-}J h-n: - n,;,l. &
Trhase Avre wmaliise
w Loy TeV

Spin~i Vdunende

\aau. Cibm fan ot A
Cﬁ.ﬁhﬁ) Coll,dar ..

» :rih "1 ) ?
B omnchany b pora 1§ \T & aﬂ-nhv\ 1<K ‘




'Imn:}tﬂt- tha Hi‘a%a gultl on-thy TeV
brane ..

J |
- = . e Lk & H*jﬁ; AT LY “Jl1 \
{i e Jrl:-'.:'l } ' ;"E. e | Shv F-

-.1"' N 4 "tl--ﬂ-_,‘ i LA
$= \d"'{i : Br_'ﬁhhu-:. (H-\r,‘}}
wom *
04 W7 EC
4 ("’- L '“-*"-i."l'l}'l-}
Rty e H o= Vg
g &d“iu lL'a,..ﬂ 2 H A £
vevis TeV l
" Canem) t-l-'llt:'“ norm adivad "
£reld - I
- g wA wt'd yeaT oL ""“"'-MT‘ ¢ codlaa
ﬁ-.".‘;f..-fﬂr.i. -I-[d' Iq._.:|lf'
im#n."
Hiegy are eV
{

Am‘b‘“ﬁ l‘ﬁ i\mrlb ]



do/dM (pb/GeV)

Bﬂiuh Telemnance ?rndﬂchﬂh at+ LHC

1}1,*% EX TN

102 |—

kK excrtmhens £vr

d_i_; L.,.J waod!

F Ao vl T L

10—4% |—

10-6 |— ; . . \ e




o (fb)

5‘!‘.111"1'!1 atT TI'\". .ff-l-El'- L-c.-

ete =3 Mo ptk”

m—— - =




1/N dN/dz

mﬁuﬁnf Aitmibuhon) debermmn e

Yal mmEwn o !.:I-.':h

1.50
1.25

1.00

075

0.501

0.25

Spm -1

g &Irm'-:,'.l

T P P R e

—
=]



T-'-'tcs:, hf“f-"'"“_*. c'n..cnnﬁl 1(;-* 3rwu4m5

‘l.ﬂﬂﬂE .I__I__ J_I T T T | T T T T I T 1 ||_
0.500 — L =
0.100 |-
0.050 —
0.010 e
0.005 |—

0.001




No Hiﬁﬁi at 1‘5\11"-.

o waisless A-d freld hed 2 d:o.f Ap

o e L ) dis:3 {Hhﬁf}

an QuIYe,

Can As be th Higgs ¢ v gl SHREES

|

e\t wowld be nice A LY no Higgt oy < hand
ant f_f;."j ﬁ"‘“‘?‘ VA WTRe AN CE !':T\:“JH.'L'IS Au; waed

:‘? N'D* ""f'.\fiﬂ-Hb clavi 0wl +his  Con be mede do Lt-"wh

'E.“_\J o Sulte) Ae W a i tL-H" Vot Ll
ow W it o dowblar o gt MW/, Coract..
————— - i

This is o hot reaiearch aveca et pn.lm-l BUT

i+ oppears That (et \eu+ hunua..mu) o. modal

Now Ex=uwuTs IR AN el At H-Iahf -‘F-_-.-.!-.ﬂ.r

CS.I. k: J G'\’\-U"*‘“

Pile, Terniny, Nomurs

. We are axplofing thu % wxiniiem -,& thes medel now

do S how well 1+ werks ... Davendial,
H"ﬂﬂ-ﬂ, Lillie #+

T2



0.224

0.222

0.220

0.218

0.2186

0.214




Summary * Conclusions
Ol P

‘T'hﬂ. H? g LI{{H{u“Ibn'\ fom L ?n.f'!--'t.ﬁ .l:.:l'h.i.

'lnq.u-l.. I‘n i i Il:rrn Fn..i.l ':-11.

> The HP? g 1n+1---m'|'tl-_j ll.tlﬂkl-d 4o ELSB smndl

.‘g-:iwt. = danm v ?\'a'hl evn &

= ‘rﬂ-.a'hl. alio Ho the Lﬂlmﬂ\.uﬁh.q.".

Cond 4mnt Pr-n'nllm al wtl)

Eath tol'n leads 4o ludulle pradichong at

oo TeV wa're enly new lotq inning + !vu’-l!.

1w L_. nt @ded

: The LHC + LC L..:.'."-.'l p-rmf\ct,l. {‘_f.#icr.!
+o at¥ecle Twil 'E:ITD‘HI-\I-I-"M .(-...ALw.

D While we wact , there's Loty of wwrk +odo |



L =
o LHC - B CERN
=gPoint o L3R
irt "J;Pﬂhi 2




0.6 GeV (X)

Pre-Linac Compresso
B Gav {5)

Compressor '
136 MaV (L} Bypass Lines

50. 160, 250 GaV

2 GaVv (5]

Langth for
Elaciron Man Lnac 500 GeV/Beam

240-490 GaV (X)

\

Final
Focus
Dump 30
Low Enelgy
5 km IR {30-500 GaV) High Energy IR
(250 GaV lo multi-TeV)
Dump
Possiron Main Linac r
240-400 Gav [X)
& Gay (S5}
2 Gaw |L;
Pre-Dampansg
Ring (U HF:-
Injector
for 1.5 TaV 136 MeV (L)
Comprasson
P ré=Linac
& GaV (5]
Compressod
23010
BECIARS

NLC Layout




CERN Large Hadron Collider (LHC)

pp interactions atvs =14
TeV

LHC will discover Higgs
boson if il exists

Sensitive to M, from 100-
1000 GeV

Higgs signal in just a few
channels

Physics circa 2008
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LC mass measurements from endpoints
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Once we find the Higgs, we need to measure its couplings

Ratios of coupling constants
measured quite precisely at LHC
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LC measures couplings to a
few %
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Measuring SUSY masses at
hadron colliders

Complicated decay chains

Main tool: dilepton edge from | F' =T F,

Shottom/squark and gluino
reconstruction

. o .
Proportional o mass differernces:
strong mass correlations

Same flavor-opposite sign lepton Invariant gll mass
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