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High Energy Frontier in HEP

____—‘

Next projects on the HEP roadmap(*)

e Large Hadron Collider LHC at CERN
— Approved, budget in place and under construction
— Expected turn on in middle of 2007

e Linear Collider (LC) ?

- Strong world-wide effort to start construction around
200972010, if approved and budget established

- Expected turn on 2015(+)

— Study groups in Europe, Americas and Asia (+World Wide
Study)

Quest for the Higgs particle is a major motivation for these new machines

(*) other projects like muon collider or VLHC on longer time scale
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LHC/LC

Different characteristics | .+ q
of the two machines Z_
= Different virtues _ 7

LHC pp collisions Vs = at 14 TeV e+e- collisions at Vs = 0.5-1.0 TeV
— Strong point: larger mass reach —=Strong point: high precision
for direct discoveries physics
eKinematics: can use conservation of p, eKinematics: mom. conservation
eComposite nature of colliding protons used to analyze the decays,...
—=underlying event Well defined initial state,
«\s of the hard interaction not fixed beam polarization, Vs, ..
eStrongly interacting particles eBackgrounds smaller than LHC
= huge QCD cross sec. (background) eOptions: vy, ey, e-e- colliders.
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Where Is the Higgs?

- Higgs mass :

--|114.4 GeV <m, <1000 GeV < from theory
T_ from direct searches at LEP

-- from fit to the electroweak data
(LEP, Tevatron, SLC, etc.):
Indirect limit m, <237 GeV at 95% C.L.
— present data favour a light Higgs

-- LEP * hint” (~ 20 excess) for m, ~ 115 GeV ?

Suspect that there may be a light Higgs but do not know for sure

e LHC will discover the SM Higgs or exclude It --unless Tevatron sees it first...

e LHC will measure mass and (mostly) ratios of couplings, spin,...
e LC will determine precisely the couplings and measure all its quantum numbers
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“Higgs Roadmap”

e Discover the Higgs
« Determine its properties/profile
— The mass
— Spin and parity quantum numbers
- How does it decay?
e Measure Yukawa like patterns
 Measure relations between fermion and gauge boson

couplings
e Observe rare decay modes
e Observe unexpected decay modes? (new particles?) o
 Measure total width s

e Reconstruction of the Higgs potential by determination of
the Higgs self coupling

e Its nature: is it standard, supersymmetric, composite.

BOTH LHC and LC will be crucial in establishing Higgs Dynamics
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The LHC —

Layout of the LEP tunnel including future LHC infrastructures.

LHC DIPOLE : STANDARD CROSS-SECTION RF o

ALGNMENT TARGET

HEAT EXCHANGER PIPE Dump
SRS LATen Cleaning
SUPERCONDUCTING COILS 3
s In LEP tunnel
O (circonf. 26.7 km)
::‘:::::ﬁ Cleaning
2 ’
ALICE
~1100 Super conducting dipoles needed mTTéfﬁy P LHC-B
| 1 1 nstallation shaf !
' | 30(? dlﬁ)oles dellvered | e st ATLAS ecion
i | ] | ‘ TR e “ “: ! 0 Exighi -

T | .l
1 -

25 ns bunch spacing = 2835
bunches with 10! p/bunch

Design Luminosity:

1034cm-2s-1 =100 fb-1/year

23 events per bunch crossing
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pp collisions at 14 TeV at 1034 cm—2s 1

EE————— ]

e 23 min bias
events overlap
at 10%4cm-—2 st

e HZZ

Z —pp

H— 4 muons:
the cleanest
(“golden™)

_ Reconstructed tracks
signature with pt > 25 GeV

This (not the H !!)
repeats every
25 ns...
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SM Higgs production at LHC
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Production mechanisms & Ccross section

t
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, i H+X .
g g fusion " 102 L o(Pp — ) - 107
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10é X, m, = 175 GeV 1406
FRNE CTEQ4M 2
: _’g 1 RS 10° o
t 1 fusion ‘6-’ ""-'.'_-_..‘ \1‘\ -------------------- ~—
-1 i A e 4 =
q 10 %, "~ >~ 40— HW 10 HQ
W,Z W,Z 2 ‘of,".:'::;:::::‘ - - 3 -9
2L T . h,‘:' o
. g w02 L o
W, Z bremsstrahlung 3 _ ---------- 2 @
10° M. Spira et al. 9g.9G—=Hbb ", BT Pl 10
NnO @co e

0 200 400 600 800 1000
M, (GeV)

WW, ZZ fusion ™9
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SM Higgs search »

| H<2m,] H > bb

H -> vy, inclusive, in ttH and WH e Background 107 larger than signal
H -> ZZ* -> 4 leptons e Mass resolution 10-15%

H->WW*-> v

decay modes:

A, Djouadi., J. Kalinowski, M. Spira
T T 1

H -> bb in ttH and WH 'SR
qqH, H -> WW* -> NN | el / Fe
Recent! == g -
qqH, H -> tt -> It jet, /] T Fe Al / ;
H> 2MZ 11:3-2g _
H->77 -> 4 leptons  <golden channel K % ; /
qqH, H -> WW -> - ._;}:02 A AV
qCIH, H->77 -> L’VV, «‘Pyb_
qqH, H -> 27 -> Ijjj 27—

Albert De Roeck (CERN) 9



[ —

Examples: Low mass Higgs (M, <140 GeV/c?)

e H-yy: decay is rare (B~1073)
— But with good resolution, one gets a
mass peak

- Motivation for LAr/PbWOQO,
calorimeters

— CMS example: at 100 GeV, c=1GeV
e« S/B = 1:20

BUUG_:"‘H‘ H _ W

7000

6000 Higgs signal

5000 F

Events/500 MeV for 100 fb~

8

o

o

o
[

oo 130 140
I\,r’lqnr (GeV)
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-Example: Intermediate mass Higgs: 2Z®)

o HZZ040 040 (¢ =e,w)
- Very clean

e Resolution: around 1 GeV
(around 100 GeV mass)

- Valid for the mass range
130<M, <500 GeV/c?

HoZZ*—> 44"

80

60
T

Events / 2 GeV
40
|

20
|

120 140 160 180
Mys* (Gev)

Albert De Roeck (CERN)11



Example: (Very) High mass Higgs

H>ZZ— /74 jet jet
— Need higher Branching
fraction (also vv for the

highest masses ~ 800
GeV/c?)

— At the limit of statistics

L -

8 | H> ZZ — 22

=)

= 5B Signal

5 —

=

S 4l — Bkgd

[0)

S 3|

o

N

— 2}

n

% 1L

>

L ; |_I|—\—r—l—|_|
200 600 1000 1400 1800

Mjjj (GeV)
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Sig r;}'ficance

=
=

Examples: HoWW —llvw; H > 270>

Significance for 30 fb-1 Luminosity needed for 5c discovery

. H — WW — llvv. CMS

— .} f";r. " B
N ] NLO
- -
===-——=- MLO, 5% systematic uncertainty
L]
....... LD
e L2, 5% systematic uncertainty
1 | 1 ] 1 I ] 1 ] I 1 ] 1 | 1 1 ] | ] 1 ] | ]
100 120 140 16 180 200

M,, (GeV/c’)

Note: Higher order corrections/systematics important

Low Higgs mass region challenging
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qqH, H -> WW* -> M

N: — [ Higws sgnal my=163 Gav/c®

= - T+ backgraund
% - [ # + Wtbockground ﬂ)
G 1 — E== WW hackground
o C
8 -

075 [
= L
oy |
@] -
©0s —

025 [
0

0 50 100 150 200 250
s 3
M, (GeVic)

nev/5 Gey for L=30 fb™

qqH, H -> 1t -> L1 jet, 1]

New channels

|

@
[&)
[
. S
H->11->]+1tjet + E™ %
o
Mass resolution 8 % e
B - [l Ll Ll c
= withymini jet veto .g
7z
6 - QCDHEW 74124
5 s et
. = G\ 10
33— —— . GEV
2 AdB=37

8 100 120 140 160 180 200

M(lepton Jet Et miss), CeV

___——‘

‘ | Results |

H—= ¥
H —

JLdt=30 fb-‘ ® ttH ( Y bb)
(no K=factors) AH = 779 S 4
ATLAS H = wY = i

* qgH = qqww?
" ggH = qq77T

Total significance

With these new channels each experiment

can discover the Higgs with 5¢ with 30 fb-*
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Other channels (H—bb)

____—A

t
q
t Tfusion W, Z bremsstrahlung
“o 25F I = g I | | ]
5 [ CMS (tH, H — bb >10000 - rv——— :
_E 20:‘ m,;: 115 GeV/c’ g 2000 L :" ++++++ _
= I W i :' b i
% 15+ n g - t B
5 30 fb-2 g o000 "
2 N i E ++'_ ]
Blor ] 4000 | =
st - 2000 [ - _
_ - ¥ L. =300 fb
N o LY pe T BT
My (1)) [GeV/eT] m._(b,b) [GeV/c’]

Not discovery channels but can be used to confirm/measure couplings
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Diffractive Higgs production

b SM Higgs: (30fb-1)
/ 11 signal vs 12 bkg events
gap A gap  MSSM: s ~ x10 larger (tanp)

< 1
= f
‘." p %/Yj\\\/\ﬁ n p Central exclusive production

Br(h/H/A—bb) 6 (fb)

S|

MSSM
tanf3 = 30

Jet 100 fo

Exclusive production:
e J,=0 suppression of gg—bb bkg
e Higgs mass via missing mass

I N *Standard Model
M H - ( p —I_ p - p - p ) | n‘l‘l‘-\‘vl -

AM = O(L.0 - 2.0) GeV

e CP structure of the Higgs from 120 Mo, (V)
angular distribution of the protons
e Of course, need Roman pots Albert De Roeck (CERN)16
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Invisible Higgs Decays

____—‘
a -
Non_SM Higgs WiZ . "
e..g In SUSY ___h____,-" 2 tag. J + miss E
L] “ X 'U
, W/Z v A
q
i
o o(Hjj) .
Search region in N 2 1 11 1] — o(Hjj)ey S
AD 4y < 1 rad ..'-f'E'_ ;H%invisible, My=120 GeV s
-.gfzo éaftercuts(1)-.3) “p\pfitill
event counting IS and mjini jet.veto @
15 -1 0.8
background can be U ‘ :
predicted from data | 0.6
of Z->2/ and W->/v : 4:
with accuracy ~ 3% -I_,— T | ; : :
g=/4./71b O il vibcesss L W I W L
set up limit on _ T , . . .
& Br(H->inv) ) o(E2)=96.7 fb |
1.5 2 25 3 P00 150 200 250 300 350 400
9y rad M, [GeVic]

LHC has the potential to see invisible Higgs decays
Albert De Roeck (CERN)17




LHC Reach for a Higgs Discovery

40

20

Statistical Significance

10

| Different channels |

ggqH, H=WW —=lvjj

qgH, H=ZZ =llv v
H=WW"WW —llvv,, NLO
H—Z7*ZZ — I'I'1*T", NLO
qqH, H—yy, Tt

H—yy inclusive, NLO
ttH,WH,H —bb
Total significance

CMS, 30 fb

+ O 8 4 o H

.""‘-‘- '1‘ b
Hreeag SA30 M0

- g .a' !
e v
C | 1 ! 1 ! 1 1 !
100 200 300 400 500 8020
m,(GeV/c )

| Total sensitivity |

!
[ 2]
= _ -1
5 JLat=10m ATLAS + CMS
-E = [L dt=30fb" {no K-factors)
T
2]
&
wn
10
30 fb-1= 2-3 years
1 IR S B ! ! ! ! ! TR |
10’ 10°
my (GeV)

LHC can cover the whole region of interest with 10 fb-?
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Mass and width resolution

Eqo H, WH. ttH (H—yy)
T A WH, ttH (H—bb)
g O HoZZ—4l
o H=WW=lviv
¢ WH (HoWW=slviv)
A all channels
2
10
3
10
ATLAS + CMS
JL ot = 30010
10 *
10° 10°
m,, (GeV)
MSSM Higgs Am/m (%) 300 fb?
h, A,H— yy 0.1-04
Ho>4/ 0.1-04
H/A - pu 0.1-1.5
h — bb 1-2
H — hh — bb yy 1-2
A—>Zh—>bb/vy 1-2
H/IA - 1t 1-10

____—A

1 T T T [ T T T [ T T T ]

iﬁ: [ ® H-ZZ - 4] ]

a [ :

107 ]

i ATLAS

| 300 fb1 ]
10_2 1 l 1 1 1 l 1 1 1 l 1 1 1

200 400 600 800

M,, (GeV/c2)

Analysis of indirect widths for
mass range below 200 GeV:
10-20% precision
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Branching Ratios and Couplings

Precision on ceBR # Ratios of couplings #W'th mild” theoretical
assumptions— couplings

Hep-ph/0406323
1
30T T T T I B e . = 2 2 X = ey ZH 7
_ s | — 2 gH Z)
i O ® H-—ryy z 1 gH2) /g HW ST f G(H,W)
— « 1 2 2 =09 ) A
o O M ttH(H—bb) L I e g’ (H,1) / g(HW) < - [ P
@ ¥ H-oww— 1vlv < L : 5 E [ H I
- 3 2 v 120 VAT = [ |—0(Hb)
o A H — zz(") 5 a1 | weee g5(H,b) 1 g7(H,W) 0.8 |
c s C J'
o | o8 0.7 | =T
o 201 4 - C [
= without syst. uncertainty C | ——'angut Syl ooty
w , C f
r : ATLAS 0'6:_ .*'J 2 Experiments
0.6— H B \ ."I 5 A
i P sk % L dt=2"300 fb
L dt=300 fb C N S WBF: 2100 fb !
- - iy 04
10| - 0.4 i C N
NN N\ 0.2F
L Open symbols : A% /¥ =10% 0.2 C
| Closed symbols : A%/ ¥ = 5% i i L M\/\ 01
L | | 1 [ R SR i e — = E 3 Loy
5 3 | S S C G DR
10 2 10 _|||||||||||||||||||||||||||||||||||||||||||||||
MH (G ev!c } G 111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 111 ']
110 120 130 140 150 160 170 180 190 110 120 130 140 150 160 170 180 190
m,, [GeV] my [GeV]

: T - ° Precision 10-40(20)%
Dominated by luminosity Precision 10-40% Assume ¢(H, Z) < g(H, Z)su

Also measurement of I',,

uncertainty
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Spln and CP-quantum numbers: H —»> ZZ-4l

F(#)=1+a cos ¢+ oS 2¢ . L_T
G(0) =Lsin?6+T(1+cos?0) T LGT
1 [ ParameterR_| : 331— 3 SM-Higgs

i yed }f spin1,cP+1

Spin 1, CP+ 1

0_
- -0.5/—
-0.5_'_— -
- Background = % Spin 0, CP -1
b Spin 0, CP -1 C

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

1 . 1 . 1 . 1
200 250 300 350 400 200 250 300

e MH>250 GeV: distinguish between S=0,1 and CP even.odd

e MH<250 GeV: only see difference between SM-Higgs and S=0, CP=-1
e o, less powerful




Heavy MSSM Higgs search

____——A

e A/H — 11 « Ht - tv NEW: at low tan B, we may expl

"AH—>pp  eH'Sth the sparticle decay modes:
 A/H— bb in bb H/A (New studies) 0. 0 .
e A,H — " x,° =4l +E;Ms

Plot for 5 o discovery e A, H In cascade decays of sparticles
QQ_SD - Saptember 2001
]
540;&‘ A [ ’%/’y/%/ﬂlw I B T ]
. 45 /%’,’% CMS, 30 fb™" ]
= " f;///,///////’/)//f/{/ : Massr = 80O GeV/c” |
” % gx @y : ’7?/”//?%//’/ : FERSETK, ]
B = <35 V1A /
e S g J
10k VA AS
SR 77 I
7 BV R sl g
3 TN N il
° % [ Q N : -" -‘ % o / ]
i b ) N 15 e 7 ™
N i ]
. § //// 10 A 7 AH => X3x: = 4 lept ]
— YA /r/ [+ I'//: _ A fnd ]
- / -y / ) = 500 GeV/ c.c,z ]
I = B / 7 / M, = 200 GeV/ ]
2 B | ]
7‘ J | ﬁxpl"qep ?y LkEDl ot ] il el ‘ sl bl ‘ L L L ‘ Il | —1
100 200 300 40C 500 600 700 800
m, (CeV/c?)
N

! 50 100 150 200 250 300 350 400 450 500

m, (GeV) | Expected tanf accuracy 5-25% (300 fb)
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New: MSSM Higgs Studies

Extracting tanf from measurement of
Observability of the channel gg—bb h/A/H with h/A/H—1t
gg—bb A/H with A/H—bb

~ 50r
& [ A,=2450 GeV/c?
9 45 2 -
E - p=300 GeV/ic® @ ----e-- Hg oy = Tt—1jj
50 T \ T -
) S s M, =200GeVrc? H -
— - —_— —TT—E
s CMS 60 1b E C Mgy =1 TeVic? suSY Ay
. <] a5
40} . : Stat + L + oxBR + m errors
}‘LZMEZMSUSY=1TEV/c- 5o .- . E
30
B X, =6 Msysy 45_.-" 4 C AUL = 5%
a0 '_,"-35 | 250 Ac/c = 20%
gg—- bbA/M, A/H~ bb - ABR/BR = 3%
2 -
25 - ° 20—
L=+ 1 I 15 L
............. = Stat errors
15 C S
10f Statistical signifi t - n z t@""“
atistical significance contours . = £V xo X2 )
sk without systematical errors C 30 fb
07]III]II1I]\IWI\IWI}I\IWlWI\I}IWIWI]III]I]WI
0 . : - - - L . w L 0O 100 200 300 400 500 6OD 700 8OD 900
300 350 400 450 500 850 600 650 700 750 800 2
m, (GeVic?) m,(GeV/c")

Difficult, but can be used as Precision dominated by the

a confirmation channel theoretical uncertainties!
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Higgs studies at a e+e- linear Collider

Fully simulated+reconstructed HZ event
Very clean compared to events at LHC

=

Precision measurements!

Can detect the
Higgs via the recoil
to the Z

¢ Data

Recoil Mass [GeV]

Observation of the Higgs
Independent of decay modes
Mass determination ~ 50 MeV
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Higgs Production at a e+e- linear Collider

Dominant production processes at LC:

ZH Hvv

Luminosity 500\§b'1 500 fb' | 1000 fb~
Vs (GeV)/
m,, (GeV) \—3\50 500 800

120 (74K G}igb 27k /

15,5k 158k
52k/ | 29K/ 24k /
160 7 5k 25Kk 126k
| I 1 ' ' ] 250 55k/ | 16.5k/ 19Kk /
_ . _ 6.5k 8k 71k
-y o(e*e” — Higgs) [fo] 47
o ~In(s
o
i, Example: Vs=350 GeV
ol _ | m,, =120 GeV
- AF”ffF? 1/&3 E H

L= 500 fb-1 (-2 years)
~90 K Higgs events produced

V5 =350 " 500"

1 l - l o l :
100 200 300 400 500 600 700

800 Gev -
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Higgs Mass Measurement

e —
—ZH sttt WW-
[ $ o 8M, in MeV
. TESLA  TESLA NLC
- e Decay mode JSE/E=0 O6E/E=0.1% JE/E=0.3%
C recoil mass 110 117 143
ZH—1"I"gg 70 72 76
7ZH — qgbb 45 46 48
‘ Combined 38 39 40

Several methods
Includes anticipated beam energy smearing

Determine the Higgs mass to
better than 50 MeV

0 140 How much can theory handle/does theory want?
Mass from 5C fit [GeV]
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SM Higgs Branching Ratio

Higgs Branching Ratios

10" |
10° |
3 = ‘V‘-.,‘ I\'-‘
10 I | L PRI Py AN
100 110 120 130 140 150 160
M, (GeYV)

TDR 2001

eModel independent
e Absolute branching ratios!
e Precise measurements: few to 10%..
e Special options to improve further
e.g. ABR(H—yy) ~ 2% at photon collider

Table 1: Summary of expected precisions on Higgs boson branching ratios from existing studies within the ECFA/DESY
workshops. (a) for 500 fb—! at 350 GeV: (b) for 500 fb~! at 500 GeV: (c) for 1 ab—! at 500 GeV: (d) for 1 ab—! at 800
GeV: (e) as for (a), but method described in [35] (see text).

Updates since TDR

Mass(GeV) 120 | 140 | 160 | 180 | 200 | 220 | 240 | 280 | 320
Decay Relative Precision (%)

bb 24@)/19() | 26() | 65() | 12.0(d) | 17.0(d) | 28.0(d)

cc 83(a)/8.1(e) | 19.0(a)

TT 50(a)/7.1(e) | 8.0(a)

L 30. (d)

gg 55(a)/4.8(e) | 14.0(a)

WW 51(@)/3.6(e) | 25() | 2.1() 3.5(b) 50(b) | 7.7() | 8.6(b)
zZ 16.9 (a) 9.9 (b) 10.8 (b) | 16.2(b) | 17.3 (b)
23.0 (b) /35.0 (e)

Z 27.0 ()
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Extraction of Higgs couplings

eUse measured branching ratios to extract Higgs couplings to fermions
and bosons
e Global fit to all observables & take into account correlations

e The precise determination of the effective couplings opens a window
of the sensitivity to the nature of the Higgs Boson

12 T T T T T T T T = 12 T T T T T T T T ' 11 5 | ,: v T 2 ] 1a T
| MSSM prediction: ' m,=120Gev | 2 1 mHI‘-“120 GeV ’ ' ' ! ‘ Coupling My — 120GeV | 140 Gel

i oy © | Zael > ) GHWW + 0.012 + 0.020
148 200 GaV <my < 400 GaV =~ —3* %HE MSSM prediction GHWW N .,
- . - / 1 OGHZZ + 0.012 + 0.013

i 14 L 200 GaV<m, 400 GaV 2 3 :
| 4006aVem, 000GV —3» | ) I I-DDIhU’qmi-cilJllEh‘U —f‘lﬁ_? i gHtt a ”‘“::!.] = ”Ui:l}
s L 600 GaV <m, < 800 GaV 105 L 600 GaV < my 800 GaV ’ i GHbh + 0.022 + 0.022
| 500 Ge < my < 1000 G - L 800 GoV < m, <1000 GaV | GH e + 0.037 + 0.102

, 4 ak - OH™r + 0.033 + 0.018

) i LC 95% CL1 01— S

- d el IC16 - gHWW [9HZZ + 0.017 + 0.024
- L i QHH_.*IQHI'I‘H‘ + 0.029 + (J.052

a0 C 1o (with fusion) _ e - - gbe/rng’l'l’l' + 0.012 4+ ().022

C 95% CL (with fusion) L : ¢ o >y 0
05 C 1a (wio fusion) B 085 |- d) = gHTT};gHH . = “: ‘ = |?.:F-l£
C 95% CL (w/o fusion) | I ] OHtt/ 9Hbb :t 0.026 + 0.057
L 1 Il 1 1 1 1 1 1 L L L L L L 1 ll'I

ne [:R:] ll.{ﬁ Il!l ll.lii !! 1‘115 1.‘1 1.J|5 12 s 0.e DLE FEF D.Iﬂs ‘I| ‘l,:ls ‘!!‘I 1.:5 12 gHCC"l F’be J Ii ll i I’ 1""]
9,/9,,(SM) Ota/ 912u(SM) GHTT | GHbb _t 0.027 + 0.042
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Spin and CP quantum numbers

____—A

e At threshold: determine J from the 3 dependence of o,
e At continuum: use angular distributions to determine CP composition

] CP-even j)Interferencg L2 CP-odd
a pz . 9 Velle p: vV S p-ug : 9 .
W x 1 - Sl 6'_3—'1 ]lll ot - 3 5— COS 6’2’ H— o - 1 l,l oS Igzl,i
i costy ms a| v; +a; My a| zMmy
1 . | | - . Fits of 2 dimensional angular distributions of ZI1
. 5 i / ) £ o 60 [ i - -1
| 20fbT/point - . (1/o)ds decsd Vi< T e
03F My=106ev: 1 50F
X ¢t =+ ZH e ;
40 |
30
20f
( _ '-"’ —r—TT —— ( : 0 : ! . ! ! .
\]{m 220 230 240 250 - B 0 : o 2.0
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Evts./1ab™

Evis/{ ab?

e — -
Rare Higgs decay modes

25

a0 -

250

20

150

100

H = w'u
Vs = 0.8 TeV

15 120 125

130 135 140 145 150 155

p' Mass (GeV)

H—bb

ek
_|_
+_,_++

i A Bl B
140 160 180

oo IQQIDI 1 I21I1.0I L |25ID| i |2llmu 1 Ijlcﬂ
bhb Mass (GeV)

____—A

Rare Higgs decay modes become accessible eg
e H—>bb at higher masses

* H-up

o H>yZ

Rare Higgs Decays

Branching Ratio

L1 IR SN T S R N S |
100 120 140 160 180 200 220 240

Higgs mass [GeV]
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Events/(2 GeV)

[ —

Invisible
SUD- _ _ _
s 500 flb !
2so0 | Signal nl) G
o = s )
zoo |
Briue = 38%
150 |
100 F :
s = Z (™2 ) A :._-;"_:_—L‘—I_r_|
B T R T T T B Ty B P ¥ B s T s R & R Vo)
Recoil mass from £ to es,
0-20 I L] l. LI TI ] Ll L] LI l'l
L J \ 500 fb-! —
016 [ %, .5 = 500 GeV S
= I _
012 E “\ al
| 'R,_\\h» |
0.08 (- = 350 GV ~ —
~5% .l T
.‘______________________________:”_:__,__,
004 - "!_ - o
|
L, ! -
D‘O 1 L L II 1 :l 1 L I
Q.01 0.05 0.1 0.5 1.0
38%°%,
inve

Higgs Decays

____—‘

Invisible Higgs decays can be
detected directly in ZH events

= Observe a peak in the
recoil mass of ZH events

Branching ratio can be determined

with good precision:
# Better than 5% for large enough

Branching ratios
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Top-Higgs Yukawa coupling

| o(e'e” — tiH) [ AgttH ~ 6%
m,=120 GeV, L = 1000 fb-"!

\‘_\.
1 "‘\_ .
00 Gel
”.; nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
Tolon 10 120 130 140 130 160 170 180
My, [GeV]
100 ¢
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____—‘

e The top-Higgs Yukawa coupling is
very large (g ~— 0.7 while g, ~
0.02). Precise measurements
Important since could could show
largest deviations to new physics

« Needs 0.8-1.0 TeV collider and
large luminosity

e Ifmy<2m;, = ete- >ttH
e If mp>2m, = measure BR(H—tt)

AQy ~ 5% (12%)

' m,=400 (500) GeV, L = 1000 fb""
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e Higgs self-coupling: HH production
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SM Double Higgs-strahlung: " e — ZHH

G [fb]
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NZH H

186
~23%
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~29%

Measuring the Higgs Potential
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—Larger precision at higher energies
EgCLIC:a3 to5 TeV LC

MH = 240 GeV

: ) 180 GeV

0.35 . 7 140 GeV
03 120 GeV

o
N

AA/A/Bab’

. |

LHC: gyuy (3000 fb-1) for 150<M, <200 GeV Vs (TeV)
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Summary: Higgs at the LHC and LC

_ -1
ILdt=10b ATLAS

10 » [Ldt=30fb" (no K-factors)

Signal significance
(&)

10

1

7 3
10 10

- Higgs can be discovered over full allowed mass range in 1 year of (good)
LHC operation
— final word about SM Higgs mechanism
 However: it will take time to understand and calibrate ATLAS and CMS
e IT Higgs found, mass can be measured to 0.1% up to mH~ 500 GeV
¢ A LC will provide precision measurements on absolute couplings, quantum
numbers, the Higgs potential — tests at the quantum level
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