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TeVFEBOWELLHC

& TeVHEEIZFHLULVIELH D, 12
v SM without Higgs violates unitarity (W, W, =W, W) at 1.3TeV !
v Higgs field vacuum expectation value v=246 GeV.
v" Evidence for light Higgs (M, ;<260 GeV@95%C.L).
v Dark matter consistent with (sub—)TeV scale WIMP (ex.SUSY-LSP).

etc.

& LHCIX#OH TTeVIEBDOWIBEZERIERT S,

> Electroweak Symmetry Breaking M #C ;R
> Ews XI5 . Composite, ZD{th ?

-WaEi

> =25

e DI —

> StringIE2 iR
> TRILXF—RIT—TeV., ZEM. BEEME107'2 secE T3,
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Standard Model Lagrangian

R. Barbieri, hep-ph/0410223

1
L= —ZF;'\,F UYL ipDh The gauge sector
+ ;NP ih+h.c. The flavor sector
+|D,h|* =V (h) The EWSB sector

1 R ,
+ML,~}\}]-LJ-/1' or L,?\}]Nj The v-mass sector
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ete- TRISTAN ete" SLC ete  LEP ete ILC
60 GeV 91 GeV 91-209 GeV 91-1000 GeV
.

1985 1990 1995 20C 010 2015 2020

Top quark i TeV new
discovery = hyS|cs ?

p SppS Pp Tevatron pp LHC
600 GeV 1.80-1.96 TeV 14 TeV °




2. LHCIDRSFET7 R RAEER

The Large Hadron Collider (LHC) T
200754 R MEHRIIVIIZLY
(V2T L E—L)
200758 EEEERFHR (2E—L)
43+43/\F
L=6x103" cm™2 s~!
4B +2-35BLvyrE o0 (?) D&
2808+2808/\>F
L=2x10% cm2 s~!
74 H Physics RUN
MEEDILI/OT4— 110

From LEPto LHC

8.3Tesla Superconducting

’ 2\ /
N magnets
LHC-B . 27Km —— y

BES—H‘JJODSE Low Lumi. (1033 cm 2 S_1) 10-Fb—1/yr
— 2009 F TIZ30fb™
TDiE High Lumi. (103 cm2 s~1) 100fb~"/yr

Beams Energy Luminosity = _ "
LEP | et e 200 GeV 102 cm2s vV RYPORBRHEHRIE.AT—ShB,

P p 14 TeV 1034 - 2/3E9¥I)L- LA —_ HLT etc.
LHC _ g

PboPb 1312 TeV 102 - FICBOMIEIZEE,
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8.3Tesla Superconducting Magnets
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A Toroidal LHC ApparatuS (ATLAS)

® Lig.Ar EM calorimeter 1850 physicists
. : 150 universities
miIss
good e/ id, energy, E; 4 countries

® Muon spectrometer
air—core troidal magnet

/Bdl = 2~6Tm (4~8Tm)

® Inner tracking system

pixel, silicon strip, TRT
2T solenoid magnet
good e/ id, T/b—tag

ATLAS detector

Tracker n| <25
. Diameter 25 m
Calorimeter |7]| <4.9 Barrel toroid length 26 m
End-cap end-wall chamber span 46 m
Overall weight 7000 Tons
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Compact Muon Spectrometer (CMS)

CALORIMETERS
ECAL HCAL
Scintillating . _—
SUPERCONDU Plastic scintillator/brass
COIL sandwich
IRON YOKE
TRACKEF
Silicon Microstrips
Pixels

Total weight : 12,500 t

~ MUON
Overall diameter : 15 m ENDCAPS
Overall length : 21.6 m MUON BARREL

Magnetic field : 4 Tesla Drift Tube Resistive Plate Cathode Strip Chambers
Chambers Chambers Resistive Plate Chambers
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SC Quadruple Magnet
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Silicon Micro-strip Detector

Si strip sensors

EMARF IR TEEINT6.4 cmBD
D) aAVFERBREFRIAREED 2L
[Z$HI THE=H 0,
FFORITESEETRTET S,
CDED2A—ILITEERT26008 1=,
BARIEFNDS559808 %8 ELT-,

Tle

BARODTHAUNEFERINT- TPG baseboard / '
NAT)yREED l/f\":/j)lzg*ﬁo with BeO facings
< ...............

Hybrid with ASICs

2004.11.25 Prospects for TeV Scale New Physics at LHC

128 mm

15






< \ -' { 5

=

2004.11.25 Prospects for TeV Scale New Physics at LHC 17






(a) 7Fro/ES

(b) BEY I LY RY—

| ,\,1@,5 Anms o e
_/ 7Frag— e
So T Fusnmm L[ [* &
~1GHzZ7 Ov Y
BEREBT BN E— RV HBBHANT W —

(¢) Time Memory Cell

HiarH LEEEA

S e e R

>

b

nJ

P> ~ 1ns:BIiE
- = = [
40MHzZOwY v BIESIHEE

ChRSHBEBNN DR EEBEH TR |

i,

\\\\\\\\_\\\\\\\l Wi

\

2004.11.25

\\\\\\\\\\\\\\\lllllllll////////////
N\t

/'MWMMWNNN§

7
Z
z
=
~ =
S
N
¥

AMT(Atlas Muon TDC)

'_‘105_""I""I""I""I""I T T
e [~ BRIOEZ
-
3. [ (a) \\--,.
— 4L ~~.__TMC1004 |
N E ~__=n_ TMC304
= ] BN TMC-PHX1
| e AMT-1,2
ﬁ 3 \_\ 4
e 0.11 1
- S U N PN BN PN B P S
107 _ (b) Pentium Il P.entlum |II_:
= 3 Pentium prad
%) 80486~
< 106L 10 T206= / - M1 2/' ﬁ
A ; 802;§B§g, TMC-PHX1
N F 80867  TMC1004 5
L [ *
104 o 3
F 8080 3
/4004 1
21 ' P P P |

1970 1975 1980 1985 1990 1995 2000 2005
RS

Prospects for TeV Scale New Physics at LHC

19



GEANT4
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Btz AR IEI S alb—ay
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3. EWSB - w4 R g

Two fundamental questions on Higgs boson.

Q1) EEERGRIGS) IHFEIT L0 ?

Q2) Higg RV B ERET DI ?

LHCTlIHiggsRIFEHRL. TOHEZMART S,

My, T I, 2w M
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Electroweak Precision Measurements

F.Teubert ICHEP2004@Bejing

LHCTIXISIZHEZRATEEXT 5,

6
| Aagd = : =
5] — 0.02761+0.00036 ;5'— Top quarkBE =
: - 0.02749+0.00012  [f:
4 * incl. low Q° data — A Mt°p
N%< 3 - . Tevatron LHC
RUN-I RUN-II
2 ] +5.1GeV  [<3GeV |<2(1) GeV
1 ] —
0 | Excluded .Qoﬁ"lgreliminary‘
20 100 400

my, [GeV]

69
M, =114 =
45

GeV (M <260 GeV@95%C.L.)

2004.11.25
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IANRAY -5 A X —TNDHiggs Pl F &

Associated WH, ZH

SUSY 4th generatlon

gg fusion

large o, low P, jets except H gauge boson in final state (clean)
Vector boson fusion (VBF) Associated ttH
) e A ttH :
] - q
v J@—> "(Q)BrWD22 ﬁ
~ — o —d Y YY L t
2 forward jets with P,"M,,/2 Top—Yukawa Coupling

Higgs production&decay < gqp, gyyy Information!
2004.11.25 Prospects for TeV Scale New Physics at LHC
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Higgs M 4 R B

i

=]

SENRN

BRNEN ..

"0\\ o -
— 1 = NN T .
Q O N
o SO0 T
~— NN

SN

b % SRS

10'3 3 M. Spira et al. gg,qg— Hbb

NLO QCD

10-4-IIII|IIII|IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIII"~-JIII

3 S HW
E ~ ~ qq—)
- S ~
~ ~

Yog,, ~ >

o e, ~
e S ~
1 = . SO
E %, ~
E E LTI ~
= S 000, T~
< sS
L - S
~
~

o(pp — H+X)
Vs =14 TeV

m;

CTEQ4M

1 llIlllII 111
—
o
~

=175 GeV

1 IIIIIIII i
—
o
w

99,q3— Hitt

~ o Tt
- ~ T, — 102
= -~ L
-~ o E

~
~

1
it

0 200 400
My (GeV)

600

800 1000

2004.11.25 Prospects for TeV Scale New Physics at LHC

events for 10° pb-1



B20 \Higgs (M,, < 200 GeV)

2004.11.25

Higgs M RRiZ1BFE

& Higgs (M, > 200 GeV)

- BIFEEDRE, - [REAELWW/ZZA,
- BHOFYUORILTOAENEE, - ZZ—4leptonslE. gold-plated
- bb, T T, Y7y, WN® ZZ® (S/NDYELY) .

1 —

Branching Ratio

T T TTTIl
2l |
~

~N
....."w‘ /
|
/
/
|
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|
1
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| 'll

1 0_1 — (Tt <
[ N’ ™
— &0 7]
-~ i
L~ Jg fi i
107 | E
1 0_3 Lo 2T ‘\ | | R
50 200 500 1000
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LHC SM HiggsDF R &E

S.Asai et al., Eur.Phys.J.direct C32 Suppl. 2 (2004) 19

S H
-1 — Y
5 JL dt=301b = ttH(H - bb)
= (no K-factors) A H - 7729 = 21
_E,g ATLAS H > Www" - wiv
= 10°F = qqH — qqWW"
= i 4 qqH — qqt
on q q
) W, Z . — Totalsignificance
S L
ux
7.9 7,9
10 |
l\‘l )Ol
yIAY
1 1 l 1 1 1 i 1 L 1 ] 1 1 1 l L 1 1 I 1 L 1 I 1
100 120 140 160 180 200
2
my (GeV/c")
2004.11.25

L =30fb 1 T8 o A LDFEEN
age (M, >114GeV:LEP limit)

BW5ES VBF-H-TT

sEW5S VBF - H-WW

2 0 0GeVEL T DR &

BEDE— N TERIT &

200GeV&LhHEWNWE
H—/Z7— 4lepton

(gold plated) ©20 o0 X E

L=10fb 1T 5 o

— SRERFRKN 1 £
THE e
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M <120GeV$EE X, Tevatron&ELHCOB UL WEEBHEF LK 5,

Vector Boson Fusion

VBF (H— 7 7 ) oxBr=300fb

Forward jet reconstructionfh 2
FBINEESDREICHEE, b2J 7L

INVG TSIk
Z+jets (Drell-Yan)

25

ATLAS

L=30fb""
20

VBF,H—1t
15 BG:Z->t T

Number ot events

10

5 Signal(120GeV)

Mr11(GeV)

40 60 80 100 120 140 160 180 200 220

ttH (H—bb) oxBr=300fb

My T—BIEEDAEICER

bR 5hEE £,=60%, R(uds) 100

INYDT SR (5-10%DEMAHE 1)

combinatorials (4-b’ s)

(3
()]
T

CMS ttH, H — bb

(o]
o
T

m,;: 115 GeV/c®

—
W
T

—_
o
T v

Events for 30 fb™ / 10 GeV/c?

" 1 " L " " 1 n 1 L I
0 50 100 150 200 250 .}OO
m, (j,) [GeV/cT]

W/Z+n-jets, ttbar+n-jetsDIARNIEB ICEE,
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2004.11.25

Higgs boson discovered.

What's next ?

L

igesRIFDTEE DEITE
Higgs Mass

Higgs Decay Width
Spin, CP

Branching Ratios
Top—Yukawa Coupling
Higgs Self—coupling

+ Charge, Color ---

Prospects for TeV Scale New Physics at LHC
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Higgs D B = £ AR IR NE

D_D_2070c¢

[T T T T T T T LI 1 7 T T T T T T T T ]
- O H, WH, ttH (H = vy) 1 i 7
- A WH, ttH (H > bb) - P
1071 VHoWWSIviv - @@ H—> ZZ - 41- -
F B H-zz™) 5 41 ] - -
E A KJ A All channels E B
L . L:!: L
1021 B =
£ - 3 —
g " . <107
3 i | i i
- Q. : i
103 "@...%\a,nn ragA LAY B | .
‘ 1% ATLAS ,CMS 300 fo-1
1074 300 fb-1 4 @ ,
:l 1 1 1 | 1 1 1 1 1 1 : 10_ 1 I 1 1 1 I 1 1 1 I 1 1 1
102 1083 200 400 600
mH (GeV) my (GeV)
IRILFT— A5 — )LD EEIRIE Radiative decay' &
LTk &4k 0.1% (in situZcalibration) RRE L, 1.5%FRE
Tryhk 1%
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Yukawa coupling

g = % (v =246 GeV)

Higgs—W/Z coupling ,
M M
Zyvy =2 VV v = 2 vzv
Higgs boson self—coupling
2 2
M M2

Eunn =3—1 Eunnn =3—2
\% 1%

Non—-linear Yukawa couplings

=> direct evidence of physics beyond the
Standard Model.

Example. In MSSM,

MSSM MSSM

gbbh’nh _ SINno gtth _ COoOSOx
SM - 2 sMo
Ebbh rth cosff g, sin f3

ZllfEa

gﬁH=mf/V

10

Yukawa Coupliﬁg OEHF

10

t

$ Fermiophobia

10 102

Mass (GeV/cz)

Top-Yukawa coupling plays the key role

2004.11.25 Prospects for TeV Scale New Physics at LHC
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b=y

M.Duhrssen et al.,

BE=DtRxE Az ATL-PHYS-2003-030, hep-ph/0406323

22 | | —@HD 1 FHW)
SR [ ) 1 W
R % , |

TEEEHM DL DRIERE %1% _ | GHHD) £ G (HW)

(HWW T #1t) = s
L without syst. uncertainty
- ttH, T THIE. 15-20%E osl ATLAS

- bbHIE. 45%2E(VBF bbiE)
. ZZHid, 10-25 %R N
THRIE AL ar B\ S

J L dt=30fb ™’

0.2

0III|IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|III

110 120 130 140 150 160 170 180 190
my [GeV]
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HiggsB & &

EvI AL THRTUI¥IL CHIFHAEOFELUL) ICLABIE TELELY,
SLHC High Luminosity Upgrade L=10%° cm™2s™"

gg—HH—-WWWW— vjjlvjj (like—sign di—lepton)

r S ) L=6 ab~' ()
(s V- ,1(‘(,)‘2 _1, ) — Significance 5.3(3.8) for M,=170(200) GeV

17 Al Myp(stat.) = £19(25)%
F.Gianotti et al., hep-ph/0204087

g L H CO00—w—---- 1
t —y A
H !
g Y H QQQQ/ -~~~ |]
100 _— _— ‘ — _—
i M:pp > HH+X |

L S
My, =~22v m
gg — HH

V = MWH?* + \WH? +%AH4

M; 10
oqe . M £
trilinear coupling Ay =3—1L : ;
v i WW+ZZ - HH ]
2
M H 1 - WHH+ZHH ]

quadrilinear coupling A}y = 3—
y

WHH:ZHH = 1.6
- WWiZZ=23
[ L ! L L

0.1
9 100 120 140 160 180 190
M, [GeV]
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Higgs JFe=0**

H—ZZ—4/lepons (S/B>3) Ex. 70 JP=0- < double Dalitz decay

= Angle between decay planes of two Z’ s from Higgs decay

C.A. Nelson, Phys.Rev.D37(1988)1220,

C.P. Buszello et al., Eur.Phys.J. C32(2004)209

ZDith(=, VBF H-=WW-slvlv spin correlation, ttH/ttAZ EFFZE,

S.Y. Choi et al., Phys.Lett. B553(2003) 61

No. of Events

2004.11.25

30llll|llll]l||||1l|||!1l||l! 0-22 | LA B L e
. =S ] i H-ZZ - (fIXE]) 1
“_ |L=300fp! H-ZZ-GINED) | [ L=300fb"! M, =280 GeV |
[ My =150GeV ]
25 . - 0.2 N = .
: .\~ L )r“ k'\k ’l' ".,‘
i ! / 4
018} ) H ! =
e [ : i v
= ; H 3 L
Sl { 3 { 1
016 1 ) -
; }(“—"‘f‘_\l_\,——"74 i
- o ! y 3 1 g
014l / ; b
o L '\l
’I, ‘1\‘ ‘." l :
012 S g
[ ——sm
R pseudoscalar
0.1 | - P |
-0 w2 n 3m/2 2n
[}
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MSSM Higgs D % R &k

T A= Zh—>libb |

o,
g R —
A

|
"so 100 150 2gb 20 36 ?:3;50 00 450 500 MSSM nggS:E)LZ\—ga‘
/ ™ (€)1 L=30fb" ' DrunTH R AT 8,

Z DERD vic Bl EB ohD
EE/,JJén% 71 Ho
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o 50 [, =5, \
So il | e hHOAHTOATESE
0 i) I - Mammol mixing*
20 : : v \‘H:_)tb ’ N Hf; - TTH’_'; ,:; o Tree level CM&tan 8 D2 parameter TaCah,
Ak W"h—”’b tan 8 DA RZLVEbbH/ADFEE A
ol \( N KEH B,
A7 \ e H/A—T T, uu,bb
N Iy u Fror)VIERBROHAICER
g = \&— h >y and VT aSwiazl i u <t t<<bb
. i Wh/tth,h—)/
| LEP 2000 tan 3>10T gb—tH T
: RN R oo charged Higgs HVERBI AT BE,
) | : ———




4. BEXFEERE (SUSY)

A: D 2 N With SUSY, infinities disappear:
A Jd=1/2

I e
PRICHERR | O - CO— -

(as long as M(J=1/2) = M(J=1))

XA EE R
FelEEN B

GRAVITY SUPERGRAVITY

Grand Unified
Theory (GUTS)

STRONG

SUSY (GUTS)

SUPER QCD

Electrons
\ Neutrinos Winos
Zinos

Higgsino

Photons Photinos
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2004.11.25

o

SUSY O [a] 2 BY7EEEHL 2

f

60 |
SM
50 oL, World Average :
\\

40
30
20
0t (M_)=0.117+0.005
Lo sin"®__=0.2317+0.0004 |
MS |
O = | | | — =
L 10> 1o '° 1o’
— n(GeV)
.60
S MSSM
50 World Average
40
30 & T T ieee-
20
Lo
10 L0 15
n(GeV)

LO

(E. FEHOI-ILE - F—=TU X5 —DER,
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SUSY at LHC

UOVEEERICESKRER SUSYDR7—IL
ERIER G4, 2. 82
o = 3pb for m(g,g) =1 TeV

M5, = min(m(q),m(g))

20% D FEE THIFE (L=10fb~", mSUGRA)

= 100 events/day@10>”cm™s™ Missing E, 03152 A8 K 4 (Z— Ijets THIE)
RRIIBS a 10"
BEAEF AFEULENANS(?) S
_ v § 10':
q ; 8 |
o 1 "’/'1 3
- X 12

3
~ 9 10 &
g Pid 1- C
-’ q eV :
AN - 7 Pt L

10 ! | | | | | I |

q 0 500 1000 1500 2000 2500
. M (GeV)
f';g'it:t’g leptons - Missing E; + high p, jets + Leptons M, = E}™ + Ep%'et
- e
+ 4 jets (ETIICEREFELUZWEN,. R/NU T 1 RTF)
+ gMiss J.G. Branson et al., Eur.Phys.J.direct C4(2002)N1

t
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mSUGRA

5DD/N5AF— : m,m, tanf, A,, sign(M)
(mass @GUT) (VEV) (scalar 352) (Higgsino mass)

— AR 7B

(ga é) [ZELD
+ %" [FLSPTRE (R-parity) Cold DM K | ME#
*Higgsino mass (Ipl) >0.8m,,(Wino)  (my>>m,,DIZSLIF})

—

X =B =Wk =W 0. % = H
FEIHED [ FB,L, (Yukawa+LR mixing®DZIR)

L HC ThEASUSYAERBEE. (22,89,.99) TH 5.
HBrmEEIE. NS DOmassLIAZIZETIVKTFEDS/INE 0,

7= 7= MDstrong interaction

Xo’xij 513, 2,qDEIEBIETHE T % (ZHcascadefpiE)
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BEEDHBER

kinematical endpoint

B.C. Allanach et al., JHEP 0009(2000)004

8

M = ()1 tmgj L{m&j
m(%5) m(t3)

Nme\\\q

qa x i X
\\\

'<

MO HEE
400 T T T T T ———
: | T ] BRSO AR (HE)
R e 1087 &L D BIRn, ModelDENITZED T
a0 L N MassDiExHEZ R %,
2 - . -2body decay chainh'&{& 3 EH U 7=
S - H ’ % & 1E model independenticiRé 3
S i llm Sharp?’& i - AR Z
S 200 |- Al TRdge Mysx =0 e i S b
(,_g 200 | i |u||||| |'" H__ 'taan\qu b\&Fx%Ub‘i%Z‘ﬁ_’O\
s | Mﬂl+ : T. bHB< 33,
g ol 1 REEEoT. modekEIEAE N,
@ 100 | # + Wﬂ i — BEDAREEIE. EICLSPOEFHEH S,
MXA — AEVPBroOAIFEIZEE U LY,
0 k LY O
R R I LA A T
0 50 100 150
M, (GeV)
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mSUGRADF R EEH

L=10fb ' TH2TeVEX TD
squark/gluinoz &
Cold Dark Matter DRk
‘j:_ﬁo

Ldt=1, 10, 100, 300 fb"
1400 | — A =0, tanB=35u>0
oo | CERNQoomy e
e &2500)
1000 4 e
T~
7
= TH N N
> i et &2000) A
N I A T e
a0 | EX(10 fb)
=
6001 [ T e
E;l-l‘l-‘llSS(l fb )
L I e (1000)
200 -
No EWSB
0 T J I
0 500 1000 1500 2000
m, (GeV)
2004.11.25

L=300fb! T#2.5TeVET

Cold DM & U THEIBA WHEE

A / IFF—BEOrunt+H
WMAP 0.0094<Q, h?<0.129

1 £Orun(L=10fb™) T . #92TeVET

¥ 1 o ADrun(L=1 forhT .
m(q,8) ~1.5TeVET5 o DFEEMNTIEE,

— LEP*Tevatron CHIE & N 2481
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SUSY-LSP&S —2-24—

2 +0.016 H.Baer et al., JHEP 0402(2004)007
WMAP QCDMh = 0.113_0,018 wco0 mSugra with tanf =45, A,=0,u<0
o Qh'< 0.
LEP2 excluded

QEZDEED/MNEE(ICT BT,
X ETTERLTVTIO

Co annihilation31< K 5 7% E‘
EZATIEWEWNTFIZRLY, ~
DIZVUFEIBRENTLE D, 3
(B E. M, =2m( X)) D)

x' 7

- T

T — Y

Co-annihilattion

THELOERW

Qcom o,

Y T
WRZE?

MWD TERE
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A. Trocomi,_hep-ex/0406020

[J susy

« 3rd generation squarks i ==

— 60

50

ra
~ |
=
o
sl
)
Events /7 G

|_> bi: or Cil | @ / 30f
4> 20 [
— XIOEZ w0l m
— important for distinguishing between SUSY models oL L Lk

M(/g b) (GeV)

Nojiri et al, hep-ph/0312317

........

— difficult, but possible to measur
of masses (my,)

¥/ ndf 4179 1 23
Constant 2145
Mean 596.2
Sigma 56.79

w

o

[=]
I

— knowing 5 masses, can reconstruct g and b
— mass relation method:

200 —

Mass combinations/100 fb™'/10 GeV

» constraint: require same masses in several events

* £ o g —
— Sidentification of t's in leptonic decays o 77 e 'm('glu'ln:;ﬂ,zgdfsh'zl .
difficult because of E,™miss ? | B
— use hadronic decays, but high T o
background

1000

— polarisation measurement appears possible

Events /7 GeV/101b'
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FDMDOETIL

GMSB 3 -
LSP:G, NLSP:j%, orf(T,)

jets + Etmiss: ~similar reach as mSUGRA

signatures:

7' —= G- for short lifetimes, or

7 =Gy . hon-pointing photons for long lifetimes
!~ slow “muon” — TOF measurements

7 —1x" — ¢ yG : non-pointing photons
AMSB 3
light W or v
7 pairs: pp—>v, L; = W* £*W°; displaced vix from W* — W z*
R-parity violating processes
Split Supersymmetry
heavy, stable gluino — R-hadron
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LHC vs ILC

Typical MSUGRA>F+ YU 7 Universal Extra-Dimension> 71U 7
B.C.Allanach et al., Eur.Phys.J.C25(2002)113 H-C.Cheng et al.,
Phys.Rev.D66(2002)036005, ibid. 056006
800 650 650
m [GeV] g (b)
700 1 sqguark LHC
600 | ug ‘. ‘
Hiaas RS b, 600 | Q 4 600
wf QS neutralino b = N _
u ) d %t |
ol —n changing : e .
- 2 1 =
300 L - r ]
a— I LC 550 - - 550
200 | [ f— ] y " - — Wz |
T - | 1
100 | h® p— fﬁ L To, Uy
H* e T
0 500 |- 7 - 500
LHC / LC Study Group

G. Weiglein et al., hep-ph/0410364
http://www.ippp.dur.ac.uk/~georg/Ihclc/
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5. REEWETEAONE

ElectroWeak Symmetry Breaking (EWSB) <« Naturalness & Hierarchy Problem

WAWALEYFA
® SUSY
mSUGRA, GMSB, AMSB
® Extra—Dimension
LED(ADD), R-S, Universal ED(KK)
® Extended Gauge Symmetry
Little Higgs, Left—Right Symmetric Model
® Dynamical Symmetry Breaking
Strong EWSB, Chiral Lagrangian, Technicolor,
Composite Higgs, Top—quark Condensation

® Compositeness, Lepto—quarks, Higgsless, LFV, Monopole ---
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Extra—Dimension

« string theory requires 10 dimensions!
— the only theoretical approach towards a quantum description of gravity:
consistency of quantum mechanics and general relativity
— includes supersymmetry
« the extra dimensions assumed to be compactified.
— initially the assumption was that compactification radius was order of M, "
— then it was realised that this could be as large as a millimeter!

3 models studied in some detail (there are more!):
« ADD scenario:

several compacitfied, but large (>> 1/TeV), dimensions, gravity propagates in
bulk, SM in brane.

* Randall-Sundrum model:
1 extra dimension y with non-factorizable metric, 5D space of —ve curvature,
bounded by 2 branes
* SM brane (TeV)aty=pr,
* Planck brane aty =0
« Small extra dimensions:

Only fermions confied to brane, gauge-bosons propagate in a number of small
(»1/TeV) compactified dimensions.

2004.11.25 Prospects for TeV Scale New Physics at LHC
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ADD

- Large flat compactified extra-dimensions

=> conjecture:

- SM particles localized in 4D brane

- gravity propagates in the bulk of
higher dimension

P2 042
4\[}")[(4) —_— :\[Pl R

‘(—1—0)

ADD

Rdjy = \[OD_{_QRQY

5 | Mpar (TeV) | Mpar (TeV) || My
LL,30fb—t | HL, 100 tb=1 || (TeV)

2 7.7 9.1 ~ 4
6.2 7.0 ~ 4.5

4 5.2 6.0 ~5

Uncertainty in o(Z+jets)
will lower the reach
Reach in Mp for vG

§ | Mpes(TeV) || Mp
HL, 100 fo—! (TeV)
GI [ ~ss)

2004.11.25

Ex. Direct Graviton production at LHC
L. Vacavant, I. Hinchliffe, J.Phys.G27(2001)1839

A
Signals in ATLAS: yacyd |
98 - 4¢G" jets + By, y+ E; . '

gg N gGU(I yd /
>
(]
© s =14 TeV
o~
% ol IWev), W)
c
I.% : 010 D jW(tv)
b-
10°- )
== total background
104

® signal =2 M =4TeV
© signal 3=2 M, =8 TeV
A signal 5=3 Mp=5TeV
m signal 5=4 M, =5TeV

Ml See——

1 e vy R AN R R W Ko e o 2 wan
0 250 500 750 1000 1250 1500 1750 2000
E miss (GeV)
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Randall-Sundrum

bulk

~

~

/

=
=

feuillet Planck feuillet M S

KK graviton excitations G®

e scale A

e coupling & width determined
by: ¢ = k/M,

e 0.01 <k/Mg, <0.1

* mass spectrum:
m, = k x, exp(-Knr,)

2004.11.25

Events/(0.2
=

- -
o N
T T

==

-
[=}]
T T

Golden channel: G() & e*e-

spin-2 could be determined (spin-1 ruled out)
with 90% CL up to graviton mass of 1720 GeV.

« from gluon fusion
1 — cos*0’

ATLAS, e*e’, L=100 fb™"
mg=1.5TeV, ¢ =0.01

* from
1 — 3co0s20” + 4cos*0”

Drell-Yan SM

0.5
cos(6%)

B.C. Allanach, et al., JHEP9(2000)19, hep-ph/0211205
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Black Hole

I d<R main phase ?
S = Hawking radlatlon or evaporation
B {KER5T: emission of particles
Rs&k Y /NELVd TpartonhM R 5 & e high multiplicity
T5991R—ILINTES, BiEmBEH KLY, e “democratic” emission
BRI LH/NN— VDI EEE M, * spherical distribution
(Black HoleD & =)
n+3
Re — 1 \[}311(8?( + ))]H—n
\/%J[p Mp " n+2
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Little Higgs

N.Arkani-Hamed et al., G. Azuelos et al., hep-ph/0402037
Phys.Lett.B513(2001)232
Higgs is a pseudo—Goldstone boson Little Higgs signal at LHC

from global symmetry breaking.
& v y & Heavy top T—tZ, bW

. : _ Reach Mp ~ 1 (2) TeV for z) =1 (2).
Higgs acquires a mass radiatively

at the EW scale v.

— quadratic divergences absent
at one—loop level.

S
8

£
TT

ast ATLAS

w
3

Goldstone bosons

—

Events/40 GeV/300 fb™'
(4]
|

Events/40 GeV/300fb ™"
[\*] w
S 8

N
TTITT 77T
n
8

Heavy Gauge Bosons J:
W=, Z,,yy 1TeV £
Heavy Top quark

~ 0 500 1000 1500 2000 500 1000 1500 2000
T 1 T € V Invariant Mass (GeV) Invariant Mass (GeV)

-

3]
T
-
3

Triplet Higgs

== ¢=* $°7 10 TeV
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Higgsless Model

Warped extra dim
size R, factor k

Planck brane

Hewett, Lillie, Rizzo
hep-ph/0312193
hep-ph/0405094

Gauge bosons also propagate
Our 4D brane in extra dim

- Gauge group in 5D : SU(2), xSU(2); xU(1)

- Different boundaries conditions on branes break SU(2)xU(1)
to U(1) : No Higgs needed

- Z and Z' are KK excitations of the neutral gauge field

2004.11.25 Prospects for TeV Scale New Physics at LHC 51



6. QCDDHIE

B.Webber TeVALHC@FNAL

N(N)LOEtE . ME+PSTvYF 4

18—k 5 FaBE % (PDF) 21 RNz ., Fragmentation

Underlying Events
Tryb-F7ILIYX L
® Jet cone vs ks
® Jet energyBRIE

QCDT7 Bt R L& H #R(ex. E; missing)
ZHPAEIEBBELGE, FTRAFIER
(X5 £ DR

Example:
VBF(H—71), ttH for low M,

W/Z+n-jets, tt+tn—jets N IEFICEE

TeV4LHC Workshop (2004-2005)
http://conferences.fnal.gov/tev4lhc/

Underlying Event
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LHCIZH T4 &I Brmmia

9 g LHC  vs=14TeV L=10%*cm?s™ rate 9""!!@18;
= — barn g 10
0,..=70mb for LHC 10° fH H § : ’
1/EFH/$’L\@1 034CI’T]28_1 » o inelastic LV1 input QGHZ 10
: d 10 15
~=— E E
ngéj AtX mb L e g 10 ™
> ~ E : 13
WRY 2 : 2kHz furz 1o
o nax-EV2-input a 10 12
NI OA—D: 10Hz wl miax LV1 butput : o
EvJ AHF: L Jnz o 1
0.1(0.01) Hz AT rax-L¥2 putput
. . : oz E .
nb E Bt ] 10
for M,=100(500) GeV = NS R .
: e 99-Hgy | ININSUBY qg+ag+igg 31 10
\\____ \:{ =2, =m=m 106
E = thn[i=2 a2
pb ; d mchH""---..._ :: \it: ] 10°
E "h.\\ E
.I:?‘:M i 4 Ty ) “ N £"|'|_ Al EmHz 10 4
i _); ta 1: 50 \ &\ : 10 3
fb z \\\\ \ \ \& z 102
/ Hgjy—ZZI 8N \ \\g
: ® Zoy 3y scalar LO\ Z, o JuHz 110
50 100 200 500 1000 2000 5000 1
particle mass (GeV)
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LHCTD ANk

A simulated event in ATLAS(CMS) H—Z7ZZ = 4u

pp collision at Vs = 14 TeV i L=10%cm2s"
O = /0 Mb M;" bunch spacing 25 ns
Interested in processes ;" __ -

with o = 10-100 fb

~ 23 overlapping minimum bias events / Beam Crossing
~ 1900 charged + 1600 neutral particles / Beam Crossing

2004.11.25 Prospects for TeV Scale New Physics at LHC 54



Tevatron parton kinematics

109 E T IIIIIIII T IIIIIIII T IIIIIIII T IIIIIIII T IIIIIIII T IIIIIIII T TTTTIT

(|v|/1 96 TeV) exp(zy)

2

L X,
10 Q=M

J.Stirling ICHEP2004@Bejing

——Eff (%,,0) f, (4,,0)

]kX

0.(0, Q)
—XF(X*XQ Qf)

2004.11.25

LHC parton kinematics

X, = (M14 TeV) exp(sy)
- Q=M M=10TeV

W/Z/top, DGLAP -

M=100 GeV xtrapolatlon .

HERA-LHC Workshop (2004-2005)
http://www.desy.de/~heralhc/
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—k 57

T %

x=6.3

e“-llogw(x)
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2
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—— ZEUSNLO QCD fit
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2004.11.25

(PDF)

xf

0.8
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SM Higgs production 4 R #rE &
— BFETEDOPDFIZKA A EMEILE% LT,

]
1.4+ fepr(z, Q%)
Q% = (100 GeV)?
MRST/CTEQ

0.6 |-

L 1 ll I} L ll L L ll '

1 ll

le-05 0.0001 0.001 0.01
s

2004.11.25

0.1

].OO = T T T T T T T :
F o(g9g — H) [pb] ]
V5 =14 TeV ]
MRST — A
CTEQ
10 2 P
1.1
l?L%_n7
o 1
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100
0.1 : e
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(CDF data—theory)/theory

Run 1 data Example of how PDF uncertainties
matter— Tevatron jet data were originally
taken as evidence for new physics
Today they are within PDF uncertainties.
(Example from CTEQ hep-ph/0303013)
Uncertainties is dominated by the high x

| | | | gluon uncertainty.
100 200 300 400 500
Er [GeV]
::’ MC =2 TeV, :v I\/IC =2 TeV, LHC example:
0 : 1 Dijet cross section potential
no PDF erro with PDF | sensitivity to
i o “F rror i compactification scale of
0E v E ?  extra dimensions (M_)
0 20 v E Ha= ! reduced from
v oo | ~5TeVto2TeV.
B -15? 6XD ’ -14? ?

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

2004.11.25

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
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7. FED

LHC CTeVSEEBI D FHLIVMELA LT RO BIET,
= LHCIC & DWSHEORAFRREDOEDNRFI HEILFDH S |

Q EvJ RAFIE. HNIEHT —DLULEHER,

QO BRMAERFORRITEVNST=FH LLVE D RN AIEE,

O #TeVUTOFHAFDOERMNAIEE, ETILICKOBRWNVT—FHLEE,

A EFRODALELT INGA—F—DBIEETT 5, 5230%—10%1B1Z,

0 SM/QCDT7OtERADNEEEY—ILW/Z/top)ELTHDFIFAMNF AR,
EvI ARFHEDIBY—ILIZ,
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EWSB Quo vadis?

‘ Higgs@ Tevatron/LHC? ‘
Higgs Properties 2
My, Ty, J°C, iJffH/VVHs AMiHH New Physics? ‘
|
[SM like? N [strong Int.?
Y ¥ N ﬁgsss\;: Little Higgs?
Consistent with } Extra-Dim.?
EW/Top Precision Y ¥ YN
My, Mo, Sin20,,?
Y l \N‘ ‘ New Theory‘

New [ radigm

High Precision
H |ggS M easu rement for TeV Scale New Physics at LHC 60
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