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2 Higgs physics

2.1 Standard Model and Higgs boson
2.1.1 Standard Model of Particle Physics
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2.1.2 Bound on Higgs Boson Mass in the Standard Model
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O 4: Excess of Higgs boson events observed by ALEPH and L3.
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O 5: Tevatron Higgs Search Limit.

2.2 Minimal Supersymmetric Standard Model(MSSM) and
Higgs Boson

2.2.1 Supersymmetry: The Motivation
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2.3 Higgs bosons in the MSSM
2.3.1 Theory
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2., .2
M3 = mi, Vi U“, (pseudoscalar Higgs mass) (43b)
ViVy
tan 0 = o (the ratio of VEV). (43c)

V4

gogbboobgobboobbog2x2000boboboboubooooan
gogooo

1
My = SIME + M} 5 (M3 + M3)? — AM3M cos? 2], (44a)
My+ = M5 + My, (44b)
00 Higgs mixing angle o [

M3+ M2

tan 20[ = tan 26@

WMl—g<a<0 (45)

guobgdgbboobobobboboobbobogog

M, < Mz, My < My, (46a)
Mw < Mp=. (46b)

OO0000D000000D0b000RDODLDO Z-besonOOOODOODODODODO
0000 OSection 232000000 LEPOOO my, > 91GeVO OO O[24]00
O0O000000 MSSMO excludeOO ODOOOOOOO
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Tree-level DO DO OO0OO topsector D0 0000000 O0ODODOOOOODODODO
000000 Virtual top, stopd loop0 00000000000 O0ODOOODOOOO

00000000000000 top YukawaO 00 #,0 {g00 00 mixingd OO
Oooo0

M!OOODodeeD O0OODOOOOODOOOODODOO

0

3G M}
= 2 2 5108 2
2m? sin” 3 M;

€ =

(47)
0000 OHigegsO 0000 1-loopd 00000000

1
Aﬁ:§wﬁ+wﬁ+e

— \/(fo + M2)2 — AM3M?2 cos? 23 — 4e( M3 sin? BM2 cos? 3)],  (48)
MY = M% 4+ M2 — M? + ¢, (49)
Mpe = M35 + M. (50)

00 OC P-even mass matrix[d 0 O O 0O O mixing parameter « OO0 000
oood

M3+ M2
tan 32a = tan 26M31 — Z\;% n e/Zcos % (51)

O0O000D00O00Do0ooooooMSSMOOD Higgs boson0 O O0OO0OO

130GeVOOODOODODOODOODODODODODOO

000 O Higgs boson 0 fermionOgauge boson O O couplingd Standard Model O
000 factor 0000000000 OCOOCDO20000000000

® | g | g | ]
SM H 1 1 1

MSSM h || cosa/sinf3 | —sina/cos 3 | sin(f — «)

MSSM H || sina/sin 3 | cosa/cosf3 | cos(f — a)
MSSM A 1/tan 8 tan 0

O 2. SMO0O0OOCDOO0ODOODO MSSMO OO O Higgs boson fermion,vector bo-
son O coupling

20



2.3.2 Experimental Limit on Light MSSM Higgs boson Mass

LEPOODOODOOOOOO MSSM light Higgs O parameter excluded region
O O00Oooonoooooooo

M, > 91GeV,

(52a)
tan 3 2 2.5,

(52b)

LEP 88-209 GeV Preliminary

177454

100 120 140
m,. (GeV/c)

O 8: LEPO excludeDO O ODO0ODOO0OOOOOOODODOOOODO

3 Search for Higgs boson at Large Hadron Col-
lider

20060 0000000 Large Hadron Collider(LHC)O OO OO0 O OO Higgs bo-
son0 00000 Odetector(ATLAS,CMS) 000 000000000000 OO0OO
SMOODODOMSSMODOOOOOODOODOO discoveryOOOOOOOOOODOOO

0000 detector 00 00 ATLASOOO0O0O0000O0000000000O00O
0 [26)00000
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3.1 The Standard Model Higgs boson
3.1.1 Introduction

section 2.1.2,2.130 0000000000 O0ODOO Higgs bosond OO0 favor
O000000D0O000D00O000000D0D0000000080GeV < my <
200GeV 0D ODOODOODOODO

LHCDO OO O Higgs boson discovery channel 00 000000000000
D0000o0

o [ — ~~ direct production,

e H — ~~ from the associated production WH, ZH, and t{H, using a lepton

(e, ) tag from the vector boson or top quark decay,

e H — bb from the associated productionW H, ZH, and ttH, using a lepton
(e, 1) tag from and b-tagging,

o H— /7" — 4l
o H—~ 7/ w4l and H— ZZ — llvv,

o H > WW —lvjjand H— Z7Z — lj;.

00 Ofigure 9,10 D OO0 OO Higgs bosonO total width[ branching ratiol O
Ooooo
3.1.2 H — vy

OO0000 H — vy O Ofigure 1000000 OO O rare decay mode 0 O O
O0000 00 HiggsOODO O OO mass regiond 100GeV < my < 150GeV O O
OO0O0OOEM Calorimeter 0000000000 OO

e gg fusion mode

signal reconstruction

00 Higgs boson0 000 gluon-fusion0 000000000 OO0OOOOOO
Oo0ooOoDoooood

00 isolated photon 0 00 OO0 O 80 % O efficiency [0 000 OO kinemat-
ical ctt 0O 00O
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O 9: Total Decay width of The SM Higgs boson.
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Higgs Boson Branching Fractions

[0 10: The branching ration of the SM Higgs boson.
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e photon0 O O 1,20 O transverse momenta py > 40GeV 0O 0 p3 > 25GeV O
doooooooooood

e 00 00O photon O OO pseudo-rapidityd |p| <2400000000000
ooooooo

O00D0D0D0O0O cross-section,acceptance 10 0 30 0000000

Higgs mass (GeV) | 80 | 90 | 100 | 110 | 120 | 130 | 140 | 150 |
cross section(pb) 384 | 324 | 27.8 | 24.2 | 21.2 | 188 | 17.0 | 154
branching ratio(%) 0.089 | 0.119 | 0.153 | 0.190 | 0.219 | 0.222 | 0.193 | 0.138
o x BR(fb) 342 | 38.6 | 42.5 | 46.0 | 464 | 41.8 | 32.8 | 21.2
acceptance 0.29 | 0,38 | 0.44 | 0.48 | 0.51 | 0.53 | 0.55 | 0.58
mass resolution (GeV) | 1.11 | 1.20 | 1.31 | 1.37 | 1.43 | 1.55 | 1.66 | 1.74

O 3: gg — H — vy-mode O 0O O cross section, branching ratio,etc.

000 0OPr-balance catt OO0 0000 cut 27000000 ctD0 OO0 OOOO
00 000 signal acceptanced ~ 16% 0 0 00 O irreducible background O ~ 9%
00000 0I[28]

Irreducible Background
kinematical cut 0 0 0 O 0O O backgroundO O OO0 O30 0 processd OO O

e Born (g¢ — vv)
o box (g9 — 77)

e quark bremsstrahlung (¢qg — ¢v — ¢v7)

0000000 PYTHIA event generator 0 D00 000 [29)0 000000
O000000000000([30] isolation cut0 00 O050% 000000000

Reducible Background

O000000000 vy backgroundD OO0 OO0 000000O00DOOO
O jet-jet, jet-yevent OO OO0 ZZ —ee 00 0D0O0O00OOODOOOOOOOO
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0000000 signal000 00000000 O photon/jet, photon/electrond O
dooooobooooooooooooono

e weak boson fusion mode

weak boson fusiond LHCO OO O intermediate amss Higgs bosonU OO O
oB(H — ~vy)O 9tb 0000000 procdssd OO0 0000 enegetic jetO OO
event 0000000000000 OOO0O [31]0

O0000ooooooo

99 — qqH — jjyy (53)

OO0D000000 Normalized n0 figure 110 000 000000 figured O O
O00000jetdp00000CD0DODOOO0O0ODOOOODOOOyOnODODOO

oogo
pa- (&) , oet (bl 1
.I i -.l i ’)/-J_ .-'__\r* Sy
i I."d-?"ll. II.'ll :" v 5""'\:.
[ 5 i '.
= . ‘ ./ ':III:'l = .'"I ! Neob
B ) !y -5 E a4 Jo b 1, 1
i) | ! Jlr A = | b q
e, L |1 T, i ) L
=] | LI | ! =] { § A |
= I.' | 'I I||I = | : \
[ L g =] i 4
. | k .'I I. I|I . I| k| \ll"-
= . 7y = 5 .
H] Y ' : oz fi 1
L o F b fa
i l|' [} i |
I 1 H f
, l,I'l' ' " Ifl.l
-:f A !
-'% 5 :\b q{
e S 0.0 - : i 4
o 4 5 ‘0.0 o5 1.0 1.5 20 25

Tl"m.l:.phﬂl.-ﬂl‘lr

Iﬂll:l!ll'l.lll.‘l

O 11: 00000 O pseudo-rapidity D 00 0 (a)0 000000 tagD O O jetO

OO0 M) D0 00000000 0000000 myg =120GeVOO0OO0OOOO
signal:(solid line), irreducible QCD background:dashed line, irreducible EW back-
ground(dot-dashed line), OO O double parton scattering background(dotted line)

O0000000000D00D00OjetO photonO semi-hard O transverse mo-
mentum D 000000000 figure 12, 130 000000 0O
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O0000000OcutO critertall O O O O general acceptanced criteriall

PT] > 20GeV | PT7 > 20GeV,

il < 5.0, |n| < 2.5, (54)
ARJ‘]‘ > 0.7, ARJ‘W > (.7.

000 jetd OO0 criterial
Anrags = |nj1 = mjal > 44 5 njimjz <0,
min(n;1,1;2) + 0.7 < n, < max(n;1,n;2) — 0.7. (55)

D000 citerial OOODODOOpTOOOODOOOOOOO

T R, S L LR L] (TR 5 L e e =
|
ap | (k) |
L "
= o .D‘:'!
] = |
:I L] |
2 7]
— o
£ ;': ul | 1
] o
el i L = |
= - |
|
= [
[ “ { I
. | H
p=3 L P EFATEPEE FEPRE S | (ot B N I N WA S
1] &l [ ] ] i) EE B TH 100 { ] £

o -
Pimin jeia 528} P gl 27

O 12: jetO Transverse momentum OO0 00O (a)d soft 0 00 00O (b)0 hardO O
00 0O O Oacceptance cut (equation (54)), 00 forward jet tagging cut (equation

(55))0 0000000 Osignald solid curve D00 00 OO figure 10 0 00O line
gooo

OO0 0000DOOHiggs boson O discovery [ weak boson fusion moded 0 O O
00000000000 figure 140000
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O 13: photonO transverse momentum O 0 O(a)0 soft 00000 (b)O hardO O
O000O0lned0O0O0DOOOODOOOO

E.E T T T T " 2.5
a
20 o 2.0
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O 14: Higgs boson signal cross sectiond diphoton invariant mass distribution. 0
000 cutO eriteria0 00 0000000 OO Osolid line 0 O OO background O
000000000000 0000010b7'0 3.500 6.9 Standard Derivation
000000000000 0O0 O Higgs bosonD OOOODOO
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e Associated Production: WH,ZH,ttH.

Signal Reconstruction

OO0 OWH, ZH, tt H-Associated ProductionJ 0 0 O OO0 O OO cross section
O0000000200 photonOD O DODODODOODO W,ZO leptonic0 000 OO0
2—~y+lepton 0O 0000 backgroundD OO0 O OOODOODOOODODO

kinematical cat 00O OO O

e two isolated photons and one lepton with |n| < 2.4,
o pr(v,10) > 25GeV,

e AR> 04 (QCD jet O #+ 0000 OO OO background events 0 0 0 O
Oo0)

0000000000 acceptanced 0 40000 (my = 100GeV)

event WH | ZH | ttH
acceptance | 31% | 29% | 29%

O 4: Higgs boson ] O associated production ] OO 0O 0O O O acceptance.

Irreducible background

kinematical ctt 0 000000000000 OWry, Zyy, tyy, bbyyD 000
000 PYTHIA generator 000 00000 O0O[32] 00O kinematical cut0 OO
O00000000 Zyy background D000 OO0 Z bosonO O OO lepton O
lepton-photon mass m.; > 25GeV and |m.,; —mz| < 8GeV 0 OO OOOOO
factor 3.6 00 0000 OOO0O

Reducible Background
kinematical utt 0 00 0000000000 O00O0OODOOODOy~y-jet, yl-jet, v-

jet-jet, l[-jet-jet, OO0 O jet-jet-jet [33]. kinematical cut0 00000 000000
000 00 Irreducible backgroundd 20 —30% 000 00O O

e Total Result
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gluon fusion process, associated process0 0000000000000 B/0000
Signal Observability

00 kinematical cnt OO0 0 00000 O0DODOODOOOOODOOOODDOOODOO
O500000000000000000O0O00 Higgs bosond OO (105GeVZmHZI45GeV)
OO00000 bodiscovery OO ODDOODODOOOOODOOOOO

Higgs mass(GeV) | 80 | 90 | 100 | 110 | 120 | 130 | 140 [ 150 |
Signal Events 502 655 947 | 1110 | 1190 | 1110 | 915 617
(direct production)
Signal Events 85 76 98 97 93 76 38 35
(WH,ZH,ttH production)
~~ background 41700 | 41000 | 41400 | 35000 | 29000 | 24700 | 20600 | 16900
jet-jet background 5400 | 5600 | 5950 | 5300 | 4600 | 4100 | 3550 | 3050
~-jet background 12500 | 10600 | 9100 | 7000 | 5800 | 4900 | 4100 | 3400
7 — ee background <70
Significance for 100fb™" 2.4 3.1 4.4 5.6 6.5 6.5 5.8 4.3
Significance for 30fb™! 1.5 1.9 2.7 3.4 3.9 4.0 3.5 2.6

O 5. H — vy modeO OO O Higgs boson 0 00O O O Osignal 0 background O
00 Higgs mass 000000 1.40000000030fb™! O low luminosity, 100fb ™"
O high luminosity 0 0 O O

000000000150 myg = 120GeV, integrated luminosity= 100fb™! O
OO0 O v invariant mass O plot0 OO0 0 Omy = 120GeVO O OO OO OODODO
Higgs boson 0 0 0000 OO0OO0O

3.1.3 H —bb

00 Higgs boson0 000 2My 00000000 0OODO Ogauge bosonO O de-
caymode0 000000 H —6b0 90%0000000000000000000
00000 gg — H — bb O cross sectiond 000000 QCD two-jet background
O000000000 triggeer 000000000000 triggerd0 OO0 W, Z bo-
sonJ 000 00 associated productiond 00 O OO O high-pT lepton OO O
O0000000Ohigh-pT lepton OODODOOO0O0O0 QCD jet0 0000000
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2

9

20000

z

Events/ 2 GeV

17500

g

15000

Signal-background, events/ 2 GeV

12500

10000
105 120 135 105 120 135

m,, (GeV) m,, (GeV)
[0 15: The invariant mass of vv in case of mpy = 120GeV.

O000000D0DO DO Higgs bosond 20 O b-tagged jet O invariant massO 0O O
reconstructJ O 0O [J

0 O associated Higgs production 0 0 000000 trigger 0 0000 WH, ttH-
mode] 00O

wjij O ¢t O cross sectiond 0000 OO0 OO reducibled O OO

Higgs boson 0 DODO DO OOODODOOOOOOOOO

o trigger 00 0000000000000 pr > 20GeV (pr > 6GeV)D 000
00 || < 25000000 high-luminosity D000 0000 30GeV, 20GeV.

o H — b0 000 jetd pr > 15GeV, |n| < 250000

o W H channel

O600000000OWH-channelOOOOOOODOOO backgroundO suppress
O00000000000000 DO selection criterial 00000000 [34]0

e JOODOOODOOO isolated leptonO0 0O OO OOONO
e J0DODODODOOO b-tagged jet 0 OO O OODOOO

e lepton veto: 00 OO pr > 6GeV, |n| < 2.50 lepton0d OO0 O
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‘ final state [vbb+ X ‘ o(pb) ‘

WH(mpy = 100GeV) 0.40
w2z 0.86
Whb 70
t 247
w* — tb 1,4
q9 — tbq 45
Wjj (two jets with pr > 15GeV, |n| > 3.2) | 4640
final state [1jjbb+ X o(pb)
ttH(mp=100GeV) 0.29
1z 0.02

06: WHa#HOOOOOO o x Br. 000 backgroundD OO O OO0O00O0OO

e jet veto: OO OO pr > 15GeV, 9| <5.00000jet0 00000000 ¢
background O O 0O O

o two b-tagged jet O invariant massO Higgs mass +20 ~ 22GeVO O OO0 O

OO0 ct0O000000ODO0O0O00O0OO0DOObOObODOObOYDOODI6ODO0ODO

O16000000000000 signal O excessO backgroundd peak OO0 OO
0000000 backgroundO systematicerror OO0 00000000 0OO0O0OO0O
0000000000000 000Whb background O 5 % O systematic error
Do00O0ov00000000S//BOODOOOOoOOO

00000 OWH-channelD 000 H — 60000 LHCO OO0 b-tagging
O0000O0O0000DO000oOOooooooo

o ttH channel

O0600000000¢H channel WH channeld OO OO O cross section [
O000000000000 W-bosonOOOO b-jet0 00000 O0OO0O0OO Otrig-
cer0000000OW-boson0 O OOOO leptonicO0 000000000 OODOO
00000 top quarkd reconstruct 0 0 0 signal 0 00 00 OO OO combinatrial
background0 000000000 0OOO 350

00000000000 backgroondd OO0 OO OO

Irreducible background
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Higgs Mass (GeV) | 80 | 100 | 120 |

WH,H — bb 650 | 416 | 250
WZ,Z — bb 540 | 545 220
W bb 3400 | 3650 | 2000
tt — WWbb 2500 | 3700 | 3700
th, thq 500 | 740 | 740
total background | 19440 | 16250 | 10820
S/B 33% 125% |23%
S/NB 4.7 3.3 2.4
S/\/B (incl.syst.) 3.0 1.9 1.7

O 7: 000 b-tag efficiency 00 30fb™' OO0 DOOO0OODODOO (WH,H — bb)

event.

g
o
|

Events/ 4 GeV

1000 —

500 —

m; (GeV)

O 16: W H assosicated productiond 000 O H — bb moded 0000 O signal 0
background. my = 100GeV. integrated luminosity=30fb~".
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resonant 1700 0 00O continum ¢bb 0 0 01 Z 0 cross section ] 0 OO 000
O0o0o0ooooooooooo

Reducible background

O 00O top reconstructiond O O O suppress O O O
W, topO reconstruct 0 0 O 0 OO O pre-selectiond O O O

e 00O triggerJ OO OO lepton

e 1OODOOOONO pr > 15GeV O jetd high-luminosity 0 0 OO pr > 30GeV.

e 000 0ODO b-tagged jets

b-jet00 0 1dO000OO0O0O 200 jetO O W-bosonO reconstructd O Omass [
My OO0OO0O0ODO00O momentumO rescale D0 000 O x? = (mjj —my)* + (mus —
m)?0 00000000 bO0O0O0Otopd reconstruct 0 00000000 b-jetO
000 Higgs reconstruct 00 O

O00000000000 signal 00 backgroondO O 80000000000
signal 0000 170000

0000000H , H— bbmoded b-tagging 0 0000000000000
0000 channel0 000300/ ' 0000 80GeV < my < 130GeV O 50 discovery
0000000 background shape0 0000 5% 0000000 80GeV < mpy <
125GeVOOODOODODO

Higgs mass(GeV) | 80 | 100 | 120 |

Signal S 81 | 61 | 40
tz 7 S 9
W333333 17 | 12 | 5
ttjj 121 | 130 | 120
Total background B | 145 | 150 | 127
S/B 0.56 | 0.41 | 0.32
S/VB 6.7 | 5.0 | 3.6
St w5/ Stotal 0.67 | 0.64 | 0.59

0 8:30fb~' 000000 ttH-modeO signal 0 background.
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Events/ 16 GeV

100

_Iy\\ 1 ‘ T 1 1 ‘ T 1 1 ‘ T T 1

50 -l#/ \_I_++
// +=|-+ "‘l'k
S
0 | | | | ‘ | | | | ‘ | | | | ‘ | | | |
0 100 200 300
m,, (GeV)

0 17: ttH associated production moded O O O Odecay H — bb moded 00 00
O signal 0 background. mg = 100GeV. integrated luminosity=100fb~".

314 H = 77" =4l

OO0 H— ZZ° — 40 120GeV <mpy < 2m 0000000000000 0
OO0 myg > 2mz;00000 "gold-plated”0 00 0 OO OO Higgs discovery mode
Ooo0

signal 0 reconstructiond 4000 000 O identify 00 00 OO kinematical cut
D000000O00O0OO0O0O

e 00O pr >20GeV 00O || <25000000 trigger00 0 O
e 1000000000 O000pr>7GeV OO |y <25

e 00O 0OUOOOOO Z-massOUO OO invariant massJ OO0 O 0O0O0OO0O0O

|mll,1 - mZ| < M2
e J00O0OOODODOOOOO thresholdms,s O OO invariant mass 0 00 00 O

mi, mze 1 00000000000 H — ZZ* — 410 acceptanced O 00 O
00000000 Be)o0oooooonnoon

O000D0O0DOO0O signal OO background O cross sectiond 0 100 OO0 OO
OD000O0Osignald o x BRO 170GeVO DD ODODODOOODOOOOOOO 2Myy ~
160GeV O W-pair production ] thresholdO OO OO0 O
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Higgs mass(GeV) | 120 | 130 | 150 [ 170 | 180 |
myz window (GeV) +20 | £15 | £10 +6 +6
ms4 threshold (GeV) 15 20 30 45 60
Acceptance 0.265 | 0.335 | 0.415 | 0,466 | 0.535

09 H—-7Z77—4 0000000000000 0 Z-mass cutd maass window

my2 OO mass threshold ms,0

Higgs mass(GeV) | 120 | 130 | 150 | 170 | 180 |
o x BR for signal (fb) 1.29 | 2.97 | 5.53 | 1.40 | 3.26
o x BR for ZZ* — 4l (fb) 0.16 [ 0.28 | 0.28 | 0.26 | 0.24

o x BR for ZZ — rrll — 41 (fb) | 0.04 | 0.03 | 0.03 | 0.02 | 0.01
o x BR for tt — WbWb — 4l (fb) | 1.2 | 1.9 | 2.5 | 1.9 | 1.7
o x BR for Zbb — 4l (fb) 09 | 1.3 | 1.7 | 1.3 | 1.2

O 10: H — ZZ* — 4]l moded O 0 O signal,background 0 o x BR.

Reducible background

kinematical cut 0 0 0 O 0 O backgroundd O 0 Oreducibled ¢, ZbbO O 0O
00 irreducible 000 0000000000000 00O00O0DOOO00O0OOO cutO
OO000o0Dooo

Isolation cuts

H — Z7Z* — 4l signald ZZ* irreducible backgroundd 00 O O¢ 00 Zbb
reducible backgroundO OO O OO0 b-quarkkD OO0 OO0 OODOOOODODOO
OO0 isolateD OO OO ODOOO inner detector0 000 AR =020000000
0000000 pr0d reducible background 0 OO0 00 00000 DOOOOOOO
0000000000 backgroundOD cut 00 OO

Impact parameter cuts

background D O OO0 000 b-quarkO0 0 OO0 OO0 OO0 impact parameter
O Higgs boson0 00D O0O00OD0DODOOODOOOOOODOOOONOO back-
groond0 00 cut OO0O0OO0OOO0O

Results
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00 cutOD0O00D0D0O0O0O0O0DOO INIDO0O0O0DLOO0O00000ooougon
g

mp ~ 130GeV O O significance D OO0 O OO0 OO00OOOOO Higgs discov-
ery 0 main channeld 0O 0O O

00 background O irreducibled ZZ*/Z~0 00 0O

Reducible background O isolation cut 0O impact parameter cut0 O 0O 0O O
oo0oood

D00000000Gaussian S/v/B 0000000 Poissond 00 Signifi-
cance 00000000 DODOOOOO

Higgs mass (GeV) [ 120 [ 130 | 150 | 170 | 180 |
Signal 41 [114]268 ] 7.6 | 19.7
t 0.01 [ 0.02 [ 0.03 | 0.02 | 0.02
Zbb 0.08 | 0.12 | 0.19 | 0.17 | 0.19
77 1.23 [ 2,27 | 2,51 | 2.83 | 2.87
27 — 77l 34 | 7.0 [155| 4.3 [11.2
Significance (S/v/B) 3.4 | 7.0 | 155 | 4.3 | 11.2
Significance (Poissoon) | 2.4 | 4.8 | 15.5 | 3.2 | 11.2

o 11: H — ZZ* — 4l-model OO O signal, background eventd O
luminosity=30fb™".

3.1.5 H —-WW* = vy

mp ~ 170GeV O O 0O Higgs bosonO 00 00 OH — ZZ* — 4] channelO O
O O significance 0 OO0 000000 WW decay modeOOOOOOODOOO ZZ-
moded [0 branching ratio0 DO OO0 OO Omy = 170GeV O O0O0O0OOH —
WW* — [vly O branching ratiod H — Z7Z* — 4000 10000000000
0000000000000 00O000gdoooooOooooboooooooo
Higgs boson 0 mass peak ] reconstruct UD OO D000 O0DOOOO0OONO Oevent
OexcessOO0ODOODODOODOO0OO0ODOOOHIgesOOODOODODOOODOOO
00000000 [37,38]0
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‘ Process ‘ o x BR(pb) ‘

WW* — lvlv 4.8
WZ|ZZ — v+ X 1.1
tH— WWbb — lvly + X 38.6
g9 — Wt = WWB — lvlv+ X 4.8
Wbb — lvbb+ X 82.3
W +jets, pr > 10GeV 19300
bb inclusive (BR not included) 500 x 10°

O 122 H - WW* — lvly modeO O O background 0 cross section]

O00D00O00D0D00D0DO O irreducible, reducible background 0 O 0 00O OO
000000000000 1200000000
O0000O00DOOoO00Ooo0oOoooooo

O O irreducible backgroundd WW-continuum OO0 0000000000
o x BRO HiggsO signal U0 6 ~90 0000

Wz W = v, 7 - 100 ZZ, Z — ll, Z — vv 000 irreducible back-
ground 0 O 0O 0O

tt, Wt O 000 isolated lepton 0 O O reducible background OO0 00 00O
ooo

WbbOO 66000 b-decayd OO lepton0 0000000 00000 non-isolated
lepton 0 O O reducible backgroudd O O OO O

W + jetsO jetO electrond mis-id00 OO0 000 OO backgroundd O OO
oood

000000 backgroundd O signal 0 0000000 O0ODODO selection cut
oooo

e 000D OODODN isolated leptonT |p| < 2500000000 pr 0 pf >
20GeV, p3 > 10GeV. high-luminosity 00 OO triggeer 0000000000
O pr > 30GeV.

o [ > 40GeVO OO DODDODODDODOOODO
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dilepton [0 invariant mass 80GeV O O OO0 O Z-bosond O O O direpton
background0 OO0 0O O W Z, ZZ-backgroundD OO O O00O0O0OOO

e JODOUODDOUOD opening angle A¢ < 1.0rad.

di-lepton systemd OO O polar angled |0y < 0.9. HiggsO OO O OO0
OO0D0O0O000D0boOoODOW-parDOODOOOOODODOOOODOOODDO
WW-continnumUO OO0 O OO

e 1000 D OO DO pseudorapidity 0 O |An| < 1.5.

O0000jet0 0000000 pr>15GeVO0 |n| <3.2000 000 re-
ject 0 0 O high-luminosity 0 O O pr > 30GeV. OO0 O O O hadronic activity
000 ¢, Wt-backgroond D OO OO OO OOOO

e 00O O missing transverse momentum[J 0 O 0O O 0O O transverse mass

mr = /2P B (1 — cos(A¢)) 0 my — 30GeV < my < my 00000 O

000 selection ctt 0 00000 O00O0O0O0OO0OOOOO0O0OOOOOO event
O backgroundO OO O 130000

| Higgs mass(GeV) | 150 | 160 | 170 | 180 | 190 |
o x BR(fb) 610 | 790 | 800 | 705 | 550
Acceptance 0.016 | 0.021 | 0.017 | 0.016 | 0.009
Signal 240 | 400 | 337 | 276 124
WW* background 548 392 277 297 167
tt background 46 42 39 49 33
Wt background 215 195 149 163 85
W Z|ZZ background 25 17 9 10 6
W + jet background <10 | <10 | <10 | <10 | <« 10
Total background 844 656 484 529 301
Significance (incl. 5% syst.err.) | 4.7 96 | 103 | 7.8 5.4

0 13: H->WW* = lvlpbO000000 o x BR, acceptance, 1 00 signal 0 back-
groun 0 O O luminosity=30fb~". 0000 £5%0 00000000

00000000000 H - WW* = [vlv-model H — ZZ* — 4l-mode
00 160GeV < myg < 175GeV O O O significanced 0O O O
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O0000000O00D0DODO Higgs bosond OO0 OO0 constraint [0 trans-
verse massU O m, 0000000000000 00000000 0O 0O transverse
massHO 000010000 M UOO0O0O00O00O0O0O0O0O0O0OO0O0O0O0O0O
reconstruct0 0O OO OO O

— signal + background, m,=170 GeV
300 —

- = signal + background, m,=160 GeV

Events / 5 GeV
S
\

100 |—

| | ‘ | 111 ‘ | \_
0 50 100 150 200 250
m, (GeV)

O 18: mpy = 160GeV (dashed histogram), 00 mpy = 170GeV (full histogram) O O

transverse mass distribution.

3.1.6 The Standard Model Higgs Search Summary

D00 ATLASO 0000000000000 channelOOOOOO0DODOOOO
000000190 000000000000000100fb~™' 0 luminosity 0 0 OO
O00000000D000000D00 channelD OO0 5o-discoveryD 00000 O
O0000000000HiegesO OODDODODOODDOOODOLHCOOOODOO
Oo0Do0o0gooooood

000 KfactorO O OOODOO0OOODODODO O backgroundD OO OO0 O K-
factor 0000 0000000000 OSOOOO0 K-factorD v/BO OO0 K-factor
OO0000D000000O0K-factor 00 OO0 O0OOO0O0O0OOOOOOOOOOOO

3.2 MSSM Higgs boson
3.2.1 Introduction

MSSM O OO O Higgs sector[39, 40,410 000 0SMODO0O0O0OOOOOO
OO00O0O0O0OHiges boson0 00000000 O0DO0O0OOODOODOOOODOOOO
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o - (&) -

g S mH= 7y

=  mH = gy = O WH HH(H = v )
S A ttH (H — bb) k) A ttH (H — bb)

(72] [72]

= o H — 77V — 4 = o H —> 77V — 4
S5 AH— wwW — iy 5 AH—=> W = iy
n 10 5 10

— Total significance — Total significance

- [Ldt=30fb" - [Ldt=100fb"
- (no K-factors) - (no K-factors)

10

100 200 100 200
m,, (GeV) m,, (GeV)

O 19: ATLASO OO DO OO DO Higgs bosonO OO OO O sensitivity. 0 0 OO
O000 channelD O OO OO OOO low-lumiosity run (3Ofb_1)D 00 low+high
luminosity tun (30 (low luminoxity) -+ 70 (high luminosity) fb™") Signifi-
cancel 000 0O0O0OOD0OOOODOD0OO0OODOOOOOOOODOOOOO0OO
H—-WW* = lvlv-mode0 00000000 5% 0000000003
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000000000000 00000 (ma,tan 8)-planed O discovery contour
oooogoo

00 studyd OO0 OO O decoupling limit Mgysy = 1TeV, O 0 minimal mixing
scenario Ay, < Mgusy U OO DO ODOOOODOODOODO discovery scenariod [
oo0oood

LHC searchd OO0 O relevant O (m 4, tan 3) region 0 O O O Odirect, associated
OO cross section 00 branching ratio Br(h — vv), Br(h — bb)0 my4, tan 0 O
0000000000 Standard Model OO DO O ODODOOOOODOOOOODOOO
suppressU 0 00 OO0

H/Aboson0 OOOOOOOODO DO cross section 00 decay channel O (my4, tan 3)
0000000000000 0D00DO00DO000

o HZZ HWW-couplingd O 0O suppress 0 0 O 0 O 20 0 OAO vector boson
0000 coupleD 0O 00O O OO channel 0 O branching ratiod enhance
000000 H/A—rr, H/IA — 000

o largetan 30 00 0O bbH, bbA-coupling 0 000 0000000000000
ooooo

e J0UIDO0ODDDODUOODUODDOUODODDODOODOOOUODO H — AR O
A—-ZrROO0O

OO0O000ooobDoboooogDstudyD DODOO

3.2.2 h,H,A— vy

Section 3.1.2 000000 HiggsO O OO H — vy 0O discovery reachd 00O
OOooOoMSSMODOOOOO0O0OD0OmodeD DOODOOOODOO

OO0 MSSMOODO HiggsO Vector Boson O couplingd suppress 00 00 OO0
000 Odecoupling lmitD OO0 00 SUSYO OO spectrumO 00000000 0OA
O lightest neutralino00 OO0 D0 000000000 O0OODOOOO A — yy-mode
O0000O0HigesOOODODOODOODO

Heavy C'P-even Higgs, HOOOOUOOOO LEP200000COO0OODODOO
channel DO OO0OOO

C'P-odd Higgs ADOODO0O0OODOO0ODOODOOOOOODOODOOODODOOO
00 (gluon-fusion0 00 )0 00000 O branching ratioD0 0000000000
ooagd

OO00studyD0OO0OOO0OOO0OO200000
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SLdt=300 fb™'

h = yy

— — - Inclusive
=== Wh, tth
Combined

— — Inclusive H = vy
......... Inclusive A —> yy
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NN\\\\W

Zyy,
%////M
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O 20: Integrated luminosity=300fb™' 0 00 0 Oh — vy, A — yy-channel0 O 50
discovery contour.

3.2.3 h—bb

Section 3.1.3 000000000 HiggsO H — bb-channelD DO O DOOODO0O
000000000000 OWhmodedOOOOOOOOOOO¢#h-moded 00
OO000D0D00000OOoooooooooood

MSSM O 0000 Ohbb-couplingd tan 30 00000 00 00000 Ohtl-coupling
O00000ooooooooooooosSMODODoooOoOoil10-2%00000
000 [4200000000000210000

3.24 H— 77%) 4]

Section 3.2.2,3.230000000000H — ZZ% — 4l-channel0d SMO O
DO00000stedydODOO0O0O0

MSSMOOOOOOH — ZZ% — 410 rated HZZ-couplingd suppression,
H — hh-channelD 000000000 H = ttchannel 0000000 OOOO
0000000000000 channelDDOOODO 2my, <myp <2m:000000
tan0 00000000 DODOOOOOOODOOO2wW000
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= tth with h —> bb
t—>Ivb, jjb
20 | — — —  JLdt=30fb"
—  JLdt=100fb™
10 —
ol Wh with h — bb
di W= Iy
st ¢ e JLdt=30 fb™'
4 r —
7
7220,
2 27077000000
M N .77 2 N B N R
50 100 150 200 250 300 350 400 450 500
m, (GeV)

O 21: Integrated luminosity 30fb™, 100fb'000 0 h — bb-moded 0 5 — o

discovery contour.

%_50
540 F
e w0l tth with h—>bb
t—>Ivb, jjb
20 | — — —  JLdt=30fb"
—  JLdt=100fb"
10 —
ol Wh with h — bb
i W=y
st o/ e SLdt=30 fb™'
4 r —
7
7,
2 27077000000
P N .77 2 H A B N N
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O 22: Integrated luminosity 30fb~", 100fb~", 300fb~'0 O 0O O (my, tan 3) plane
00 h— ZZ% — 4l-mode0 0 5 — & discovery contour.
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3.25 H/A—r77

0000000000000 [43] H — 7r-mode0 Standard Model 0O OO0
0000000 440000000000 O signal rated 000 SM processd O O
backgroond 0 0 0000000 OOODODO

OO00O0OMSSMODOODODDODOOODOOOOOOlargetang OO0 O0O00O0OO0O
00 associated-bbH,bbA O enhance0 0 0000 00O enhanced O BR ~ 10%0 O
OO000D000000D OO0 MSSM (' P-even Heavy Higgs HO DO OO OOOOO
Oo00o

O0000000 trigger 0000 7-decayO OO0 O lepton0 00000000
O 70 hadron,lepton 00 0 O decayd 00O O OO Ohadron-lepton mode signal [
O00000OsensitivityDl 0D OO0 O0O00D0O0O0DOOO study OO0

background 0 irreducibled Z — 7700 reducibled tf, bb, W+jet production
O00Oreducible0 00000 jetd r0 mis-id00 000000000 DOOOO
selection criteria0 000000000 OOOOO

r-identification0 0 00000000000

o R.,.jetD00O0O0OEMcllD0DDODO0O0OOOOOet0O00O0DODODOO
goobogogo

B Z?:l ET,‘ \/(772 — ncluster)z + (sz - chluster)2
Z?:l ETi

000 i0 cluseter D00 AR=0.70000 0 EM Calorimeterd cell 0 O O
ogoo

Rem

(56)

o AFEp. clusterOO0OO0O0O0OOO0.1 <« AR<0.200000 Transverse Ener-
eyO0 OO0

o Ny. pr0 00 thresholdO OO OO Ocluster AR = 0300 000 O track
oo0no

0000000 cut000000D0 14000000000000000020 re-
ducible background D O 000 000000 O0O0OO
000 -dcutO0 000000000 selection000O OO

e [n| <2.5000000 isolated trigger leptond pr > 24GeVO OO OO OO
Oisolation 0 00 OO D D0O0000O 70 factor 1000000000000
O O 7-decay O efficiency 0 90% 0 O O

o [ > 40CeV,|n| < 2.5 for the T-jet
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variable ‘ cut ‘ bbA — 77 | A = 7T ‘ QCD jets b-jets it W+jets
< pr > of 80 73 44 58 65 52
T-jet
Ren <007 H6+1 45+ 1 1.1£0.1 1.9+04 1.3+0.2 29405
AEF < 0.1 40+ 1 3241 | 0.6+0.05 | 0.9+0.2 | 0.7£0.2 | 1.84+£0.5
Ny(pr>2)| =1 21+ 1 17+1 ]0.09+0.02 < 0.06 |0.08+£0.06|0.6+0.3
Ny(pr>2)| =1,3 3241 254+1 0194003 |018+0.1] 02+0.1 |1.1+£0.3

0 14: 7-identification criteria00 OO0 OO0 OO0 OO O low-luminosity run O O O
ooooo

o Emis= > 18GeV

e Transverse mass my(lepton — E%5) < 25GeVO 00 O WO O O background
googad

o 1.8AgUet=lepton) 9 g o 3 4A@Uet-lerton) 45 100000 rr-invariant

mass [ reconstructiond O O O

O0000000|ms—m.| <150, 0000000000000

0 00O analysisOd Odirect production associated productiond 0 O OO0 O
O kinematical O O topological 0 DO 0000000 O0O00ODO DO Oassociated pro-
duction O Ob-quark0d OO0 000 O ObbH,bbA O single-tagged b-jet 0 00 0 O
OO00O00bO0o0obo0obuooWwW+ietd 7 —-7sr00oonoooonoOg

bbH, bbA event 0 0 OHiggs boson [ average transverse momentum [ direct pro-
duction0 000000000000 00O000OH/A-decaydD OO DO 7000 back-
to-back0 0D OOD0OO0OO00OOOODOODOOO

oDDDDAqb(jet_lepton)DDDDDDDDDDDWDDDDDDDDDDDD
07770000

e (10000 Oneutrino momentum [0 reconstruct 0 O O O Ounphysical O OO
O00000000000 0Odirect productiond O 30% 0 0O O

e 77 invariant mass resolution 50% 00 00 O

O00000D00000DOD00ODO Oassociated production O efficiency O di-
rect production0 00 00 40 -50%00000000000000000 0O 230
Oo0d
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60 |— M Associated production
— @ Direct production

0., (GeV)

20

IR AN BRI BN R B R
100 200 300 400 500

m, (GeV)

0 23: H/A — 77-decayd OO O 77-invariant mass resolution.direct production [J
O associated productiond m, 00000 00O0O0OOOO

direct production] associated production0 OO0 OO OO OOOOOOOOO
O00000H/A— rr-model sensitivity 0000 00000000000 0O00O0O
OoO0O0oooooood

direct production

o pr > 15GeVO0 || < 250000 bjet0 000000004, bb back-
ground O reject 00 O)

e J0DDOO H/A — 77 reconstructiond 0 OO
associated production

e JIOODODODODO tagged b-jet (7 — 7700 W+jetsO backgroundO O O
0o0)

e 0O DO pr > 15GeV, |n] < 32000 non-b jets0 00000 OO0DOODO
goo

o Aglet=lerton) eyt IO DO 0D OO H/A — 77 reconstructiond 0 OO
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O000000000D00000 reconstructd Osignificance D 00 O 00 240
direct production0 00 0O m,, 00 00000 00000 250 associated produc-
tion0 00 0000D0OO0O0O00O0O0 260 discovery contourd 00 O O high efficiency
(100,300 O ODOODOODOD0ODOO0O0O0O0D0OOO0DOO00O0OOOOON high-
luminosity 0 00 0 O H/A — 77 channel O pile-up effect 0 000 0 00O efficiency
O00000000DOefficiencyDOO0O0OOO0O0OOOODOOO

° E%“iss resolution factor 200 0000 0O OO m,, mass resolutiond O O
factor 20000 O

e mass window [ 00O O event 0 O Omass window [ low-luminosity 00 O O O

00000 30% (20%) 0000 (ma = 150GeV,my = 300GeV.)

3.2.6 H/A— uu

H — pp-decay channeld SM HiggsO O OO OO OO OODO branching ratio
000000 backgroundDO O OO OO0 O00O0O0OD0OOOMSSMOOODO large
tan 3 region 0 0O 0 ObbH, bbA OO0 00O O enhanced 0 OO O branching ratio
O000000000000 channelD OO0 000 O Yukawa couplingd 70 0O O
00000 branching ratiod (m,/m,)?0000000

00 r77-channelO 00 OO0 00O reductiond O O O identification O efficiency
0000000 resolutiond OO OO OO0 compensate 10 OO0 O O77-channel
00O 000 Odirect production [0 associated productiond mass resolutiond O O O
ooOd

00 channel O background O irreducible Z/v* — pp Drell-Yan production 00
reducible ¢, t — b0 00 000 rated o(Z/y* — pp) ~ 1400pb (with dimuon
mass > 80GeV) OO o(tt — 2u+X) ~ 6pb0 00 000 Obb-production o = 500ub
O reducible backgroundO O O 0O O 0 O O kinematic cut 0 muon isolation criteria
O00000DOO0dreducible backgroundD O OO OO0O00O0OO0OOO0O

direct production 0 O associated productiond O O 0O 0O O O final stated O O
O00000000000000000 section 3.250 00000000 [45]000
0 Oirreducible 00 O reducible background 0 0 00 O Pp#cut OO0 ERs cut 0 O
0000000000000

O0000DOOo0oooogo

o Bmiss < 20GeV at low luminosity, £ < 40GeV at high lumionosity.

o pi' < 100GeV.
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Events6.5 GeV
[e))
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5]
S

200

0
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m_ (GeV)
0 24: direct production mode g¢gg/q¢ — H — 7700 tanfg = 25,

30(b'0000 m,, 00000 000shaded regiond background 0 0 O O signal
O my = 150GeV, 300GeV, 450GeV IO O DODOODOOOOOOOOODODO
T

Events6.5 GeV
|_\
o
(@)

50

0 25: associated production mode H/Abb — 776600 tanf = 25,
30(b'0000 m,, 00000 000shaded regiond background 0 0 O O signal
O my = 150GeV, 300GeV, 450GeV IO O DODOODOOOOOOOOODODO
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— JLdt=300 b’
- - - JLdt=100 b’

e [ dt= 30 fb™

P S | Ll il by
50 100 150 200 250

P P P R
300 350 400 450 500

m, (GeV)

0O 26: H/A — 77-decayd 00O O 30fb~", 100fb~",300fb™' 0 O 50 discovery con-

tour.

e associated analysis OO OO one b-tagged jet, 00 O direct analysis(0 00 0O
O 00 b-jet veto. low luminosity 0 O O OO thresholdd 15GeV O O O Ohigh
luminosity 0 0 O O O thresholdd 30GeVO O OO

00 cutO 00O Osignald m,, 0000000 narrow peak 0O 00000 DODO
00000000020 000H/A — 700000000 Qassociated production
00000000 mass resolution0 0000 00O Ob-tagging[ Z/4*pu continuum
background 0 0 0 0 0 O suppressd OO0 OO

0000 050 discovery contourJ 00 000020 00070000 Yukawa
coupling0 00000000 ODDOODOO OO discovery contourd H/A — 77 mod-
000000000000 000ODOO0ODOOOODOO0O0 (ma,tan 8)-regiond O
OoO0ooooOoooooog

3.2.7 H/A— 1t

SM O 0O O OHiggs boson [ gauge boson O couplingd 00000 H — -
mode[] discovery channel OO0 OO0 00000000 OODODODOO MSSMOOOO
H/A — ¢t0 branching ratiod my,m4 > 2m;00 tan3 ~ 100000000
100% O000OH — tt decay 0 A — ¢t decayd OHO AD OO OO degeneratel
OO00oo00oooooooooood
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0 27: 30(b~' 00 tan 3 =300000m,, 000my =300GeVO O OO OOOMO
shaded histogram O ¢ background O OO0 00O O
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2 e fLdt= 30 fb™’
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0 28: luminosity=30fb™", 100fb~", 300fb™'0 00 O H/A — pp-channeld O dis-

covery contour.
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H/A — tt decay O signal 0 O ¢¢ continuum background 0 O 0 peak 0 0 0O 0O O
O [46, 47)00 O O Osignal 0 background D 0 O O O O interference 0 000 OO
OO0 massO0 00000000000 Osignal O observabilityD 000 00O [46,47]0
H + A rate0 00 O suppression factord my = 370GeV O 30%, my = 400GeV O
50%, my = 450GeV O 70%0 000 O

signal 0 WWbb final state 0 O Oleptonic-hadronic W decay mode 0 0 000 O
000 search 0O [48]0W-boson 0 O O decay 0 00 O hard leptond LVLI trigger
000000 0hadronic decayd OO O jet OO b-jetd pr >40GeVO OO OODO
0000000000 reconstructed 00 O topd Omy constraint O 0 OO0 OO OO
0000 mg0O resolution0 00 00000000

000 O reconstructed D0 O m,; 0 0 290 00 Ompyya ~ 400GeVO OO OO O
continuum backgroujnd 0 OO0 0 event D excess 000 000000000000
20000000000000000000 0O continuum background ¢¢ production
O000O0afew % 000000000000000OO00OOOOODOODOOO
O continuum ¢ production 0 0000 000000000000 O0O0OOO0OO
000000000 0o0ooooooo
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0 29: Integrated luminosity=30fb™", tan 8 ~ 1.5 0 0 0 O £ background 0 00 O
000 H/A — ti-pdak. 000 my =370GeVO 0000000

continnumm,; 0000000 1%00000000000000000000O

O0000030000000000000000000 0 2m; < my < 470GeV
O0lowtan OO0 O0O0O00O0O0DOO0DOODODODODOOOOADOOdiscovery channel [
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gooogbobbogd

H/A —> tt with two b—tags

SLAt=300 fb™
----- SLdt=100 fb™'
e [ dt= 30 fb™

S OO O NODWOWO
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0 30: Integrated luminosity=30fb™", 100fb~", 300fb~'0 00 O H/A — ti-channel
0 00 O discovery contour.

0000000000 studyD 0000 improved 000000000000
(250000000000

3.2.8 0bbH and bbA production with H/A — bb

A00 bgetD 0 0D00OD0O0OMSSMO OO O heavy Higgs bosonO O O O dis-
covery channel D0 00000000 [49,50]0000 0 channelO O

e bbH /A associated production with H/A — bb decay.
o I — hh — bbbb(Section 3.2.90 0 0)

O00D0 moded MSSM Higgs searchd 0 OO channel DO O OOO0OOOO
0000 0QCD multijet productiond O 0 O 00O background0 OO0 O O0O0OO O
S/BO000000O00OO0O0ODOODOOOODOO Opurely-hadronic final stated trig-
ger0 0000 hadron collider OO0 OO0 DOO0D00OO0O0OOODODODOODOATLASO
jet-trigeer 00 00000000000 10000

0000000 large tan § regiond 0O 0 O O production,decay [0 enhancement
00000000000 channelDOD0OOOO H/A — 77 channel 0 O sensitivity
000000 large my region(0 260 OO0 ) 000000 OOOOO
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number of jets 1 3 4
low luminosity | 180GeV | 75GeV | 55GeV
high-luminosity | 290GeV | 130GeV | 90GeV

O 15: ATLASDO trigger O OO D00 DO jetd pr.

m,a00000000000000000000000000000O0O0OH/A —
bb decay0 00 0000 jetO hardd O OO Oassociated productiond OO O bb-
paird soft 0 O OO

0000 event selection00 00 4 b-jets0 00 0000O0ODOOO0O high pr
O000000000mmO1.000000000 jet0000O0O 50GeV, 30GeVO
oood

ma (GeV) | pP™* (jetl) (GeV) | pfi(GeV)
200 70 50
300 100 70
500 200 100
700 250 150
900 300 200

0 16: bbH, bbA associated productiond 00 O H/A — b0 00000 O b-jetd
Oo00O0O0pr00onoad

0000 0O highest-pr jetsO Higgs[O reconstruct 0000 00000 O0O0OO
O reconstruct 0 0 O HigegsO O 310 0000000

000 Opure multi-b-jet 00000000 O QCD backgroundD OO OO0 O
O000000000D0000 DO Oevent selectiond O 0O Ob-tagging 0 000 O
background O signal 0 00 10* ~10°0 0000000000 btagD OO OO0
00010 ~10°000000000000 btagD OOO0DODO factor 20000

3-b tagged jets U OO0 ODODOOO OO DOOD Oexpected rated significance
O0000000S/B < 0.01000 background shape0 00000000000
00000000000 0004-b tagged jets0 00000 S/B~0.030000
ooo

000000 channeld O discovery contourd 0 320 00000000000
0 O integrated luminosity 300fb™' 00000 OO ObbH, bbA productiond O 0O
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O 31: bbH,bbA 0D OO0 0000 H/A — bb 00O reconstructed 0 O O Hig-
gs.integrated luminosity 300fb™', m4 = 500GeV, tan3 = 500 0000000
background D OO0 OO0 OO0 signal0 00000 O

H/A— b 00000000000 D000D00D0000000OOlarge ma, tan3
O000000 QCD multijet backgroond D 00000000000 DOOOO chan-
neld LHCO O MSSM Higgs O discovery channel OO0 OO0 OOO0OO0OOODODO

3.29 H —hh

00 channel0 OO OO 00O Higegs boson0 000 OO0OOO0DOOOOOOODO
000000 discovery final stated O 0O 0O O

o H — hh — bbbb. 00 0000 signal rated 00000 00 O4-b jet trigger
O00000000000D000 4-jet background events 00 0000000
0000 b-taggingd D000 OO

o H — hh — bbr7. T-decayD 00000000000 DOD triggerd OO
O O 77-pair 0 mass reconstructiond Section 3.2.50 000 0O 0000 back-
ground0 0 00 00 W 4 jet000 00 00O channel d Osignal 0 0 0O
mass resolution 00 0 00O backgroond DD OO0 O00OO0O0OODOO

o H — hh — bbyy. 00 channeld 000 ~v0O trigger 0 O O mass resolution 0
000000 rate0 0000000
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O O discovery contour.dotted line[ trigger threshold0 OO0 000 000 O0O0O0O
Jooodbdcontourd g

0000 H — hh — bbyy, H — hh — bbbb [ sensitivity D 00 0 O
e The H — hh — bbyy channel

O0signalD0000D000D0OO0OO selectiond 0000

e 100 isolated lepton, |n| < 2.5 and pr > 20GeV. OO0 O trigger 00 00O O

000 jet, |n| < 2.5 and pr > 15GeV (30GeV) for low (high) luminosity O
0000000000 00000000 bgetd O OidentifyO O OO0 O

00 || < 2.5, pr > 15GeV (30GeV)0 OO0 jet0 00000000

e two-photon, dijet O invariant mass0 00 0 0 m, 00 £2GeV, £26GeV 0O O
0000000000000 000000000D00 OO Orescaling my., =
my; = my 0 O 0O Orescaling O bjvyvy-system O invariant mass resolution [ [

gooo

o bjvyvy O invariant massO my OO0 +20GeVO OO OO O
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00 00 O production moded O OO OO O

e charged HigesO top0 0D 0 DO 0OOOO0OOO¢ — HYOOOOOOLHC
0 O ¢t production cross section0 DO OO O000 ¢ ~ 676GeVOOI OO OO
0000 charged HiggsO top quarkd mass0 0 0000000 0O0OOO

o charged Higegs[ topd 0 O 0O OO O Ogluon-b, gluon-gluon fusion process
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3.3 Precision Measurement at LHC(Standard Model case)

O00000D000000 80GeV <myg <700GeVOODODDOOODOOODO
00000000000 widthOD ODOODOOODOO precision measurement 0 O [
00000000000 0DDOO O Integrated luminosity=300fb' 0 0000 O
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3.3.2 Width
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3.3.3 Couplings and branching ratios
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3.3.4 Quantum numbers
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e top-quark momentum[ reconstruction0 OO0 OO OO0O0O0 OO DO

3.4 Precision Measurement at LHC(MSSM case)

3.4.1 mass
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MSSM Higgs Process precision
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3.5 LHC summary
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4 Linear Collider and Higgs Physics
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600 S 15|
400 10 |
200
5 B
O . [ B - It
100 110 120 130 140 150 O SO L i NN FEREE REEEE R b

Z recoil: Jet-jet invariant mass (GeV) 80 100 120 140 160
Fitted M,, (GeV)

0 46: (a) Z0 hadronicO decayd O OO jet-jet invariant mass.(b) Neural net tag-
ging[J 0 0 O kinematic cutd 000 OO Z hadronic decayd OO O Higgs mass
peak. my,, = 120GeV.

00 0500b00 /s = 800GeVO OO0 Amps and Amay ~ 1GeVO OO0
000000000 [62]0

4.2 Couplings:light Higgs case
4.2.1 Cross Sections

my, < 2mw O Higgs bosond 00 00 Ogrzz 00 guww D 000000000
00000 HiggsstrahlungO O WiW-fusion0 O DOOO0O00OO0ODOOO0O0OOOOO
O O branching ratio0 0000000000 DOOOO0O cross sectiond 00000
O0MO000000e¢exBROOODO

Cross section o(Z* — Zh) 0000 recoil method DO OO ODODOOOOOOO
[63]0W W-fusion process0 0 O backgroundd OO0 0000 O low-energy0 0 00
000000000ys=350GeVI 00000000 OO Bhabha background O [
000000 ptp- 000 recoill 00000000 OOstudyd 000 /s = 350GeV
0000 Ac/o ~4%0 0/s =500GeVO OO0 Ac/o ~ 6.5%0 500fb~" 000
00000000 cross section0 0000000000470 0000000

00000000 pure b-jet taggingd O 0O 0O O WW-fusion event, ete™ —
W+W~-vv — vvh — vobb0 O Higgsstrahlung Zh — vvh — vobb0 000000
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0000000000047 (b)0 00 Ofusion processd 500fb™", my, = 120GeV O
000000 Ac/o~35%0000000

e'e -Zh — p'pX

55 - % 500 | ¢ Simulated Data ()
s * -- HZ
5 T,
400
45 -
a 4 SM prediction
= 300
T35 I
T 3 ]
N 500 GeV 200
©25 { TT—H—o !
\
2 T 100
1.5
1 : 1 1 1 1 1 O ‘ . : —1
110 120 130 140 150 160 170 50 100 150 200 250

Higgs Mass (GeV) Missing Mass (GeV)

O 47: (a) 500(b~'000 0000 cross sectiond O O O (b) Higgsstrahlung O
WW-fusionO O event 0 O O O

4.2.2 Branching Ratios

Higgs study 0 OO O Linear Collider OO OO OO0 OZ decayJ O O Higgsstrahlung
ZheventsOOOOOOOOODOAODOOOOODODDODOODDODOHiges boson
branching ratio0 0 0000000 O

0000 500b~' 000 beam polarization=80%0 0 0 00 O Higgs O branch-
mgratio0 00 0D00ODO0O0O0OODOOOODO190DO0O0

4.2.3 Radiative Production and ¢t/ Coupling

O 0 Higgs bosond OO OO Otop quarkd O O radiation 0 Higgs boson 0 O 0
O000000000000000 «h000000000 00 top Yukawa coupling
g0 0000000000 0SM-like Higgs my, = 120GeVO 00 00 O4/s =
700—800GeV O OO OO /s =500GeV O 00O cross sectiond 0 100 000 Oy/s =
800GeVO OOOOOL=500b"'0000000000 §gpe/gne ~ 5% 0000
00 [64]0/s =500GeVOO0000O1000(b~ 00000 8gne/gnee ~21%0 00
00000 [65, 66,67, 680
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Mpg,, = 120GeV Mpq,, = 140GeV
BR §BR/BR BR §BR/BR
hsar — bb (69 £ 2.0)% 2.9% (34 +£1.3)% 4.1%
hsy — WW> (14 £1.3)% 9.3% (51 £1.8)% 3.7%
hsy — cc (2.8 +1.1)% 39% (1.4 4 0.64)% 45%
hsy — g9 (5.2 +£0.93)% 18% (3.5 4 0.79)% 23%
hsy — mH77 || (7.1 £0.56)% 7.9% (3.6 +0.38)% 10%
0 19:

4.2.4 Higgs Self-Coupling

Higgs sectorD 0 000000000 O OHiggs potential 0 000000000
000 00 Odouble Higgs production(Zhh 0 )0 cross section O triple Higgs cou-
pling g1, 0 00 0000 OHiggs potential 00000000000 O00OOOO
000000000Higgs 000 Omi =4 0?0 00 potential shape parameter A
O000D000000 Ohkh-production moded O O cross-checkD O O O O MSSM
O0000O00O000 double Higgs production process[d gropop0,g40p050 00 O OO
00000000 [69]0

000 studyd 000 my, = 120GeV, /s = 500GeV, o00fh~t 0000 SGnmn | Grnn =
23% 000000 [70,71]0

SM triple Higgs production O cross section o(Zhhh) < 1072fb OO0 OO0
0000000 luminosity 0 O quatric couplinggrp,, DO 000000000

4.2.5 Implications for the MSSM Higgs sector

light Higgs couplingd 000000 O0O0ODO HiggsO fermion,gauge boson 0 [
coupling] Standard Model 00000000000 ODODOOODOO decoupling lim-
it MSSMOOOOODOOOODOO0oooDooboooooooobooboooo
00000 0RO hsy DO ODOODDOOOODOOOOOHiggs couplingd Standard
Model DO DOODDODOOODOODOOOO non-minimal Higgs sector 0 0 00 O O
OO0O00OMSSMOOOOOOO0O0O0 myo,tan 000 OO MSSM parameter 0 00 O
Oo0o0

Higgs0 MSSMO SMOOUODOOODOOOOO

BRmssm — BRgum

drmBR =
rmBR BRen
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000000AD decay mode, bb, WW*, g¢0 00 O 1o, 20 discovery O contour
OO0000o00o4 0000

No Mixing Maximal Mixing
50 : 50
I SBR 1
— | 0,=.03/.06 1
------ G,=.08/.16
10— | i O'g—.08/.16 10
2 = AT |"~":| 'fill Ll 1 . |,’I-':| Lo : ] 2
% 0.1 0.2 0.5 1 2 0.2 0.5 1 2
S -pu=A=1.2 TeV, Mg=.5 TeV -A=p=1.2 TeV, Mg=.5 TeV
50 = : 50
;.. 4
10 —10
2k 3 Soid 12
\ \ L RATEY S AW
0.1 2 0.2 0.5 1 2
M, (TeV)

0 48: bb-mode, WW*mode, gg-moded 000000 OO BRO coutour.
§BR(bb) = 3%, 6%(solid line), SBR(WW*) = 8%, 16%(dashed line),
§BR(gg) = 8%, 16%(dotted line).

4.3 Couplings:imtermediate Higgs case

my, < 2mw 000 Obranching ratio0 0 00000000000 ODOODODOOO
O0000000 fermiond bosond OO0 0O OmassO0 0000 OO OO Ofermion
O O branching ratiod top pair0 O thresholdD DO OOO0O0OO0OODOODODOD in-
termediate mass range0 OO OO OLCO WDODOO Z-couplingd LHCO OO OO
000 production rate O branching ratio0 O 000000000 OO0OO0OO
000000 Higgs bosond W, Z-mass OO0 00 D00 00O0O00OOOO0OOOOO
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Section 2.1.30 00000000000 m, S212CGeV 00000000000
O0O00O0 HigesOOOOOODDOODODO new physics 0 00 O0O00OO0O0OO0ODO

4.3.1 Cross Sections

Light Higgs boson0 000000000 OOOOOOOOOOOODODOO
Vs = 350GeV, 500fb™", my,,, = 160GeVO 00 O §o(Zhsy)/o(Zhsu) ~ 5%,
do(vvhsy)/o(vvhsy) ~ 17% 0000000

00000 mass ranged 00O O O Heavier Higgs bosond h — WW™*O recon-
struct 0000 00000¢«R0 ZhhO OO couplingd 00000000 /sO0O
oo0ooo

4.3.2 Branching Ratios

Higgsstrahlung event 00 00 000 Omy,,, = 160GeVO 000D 0000 /sO
0000000000000 BR(hsy — bb) ~ 6.5%000 [72, 73]04/s = 500GeV
000000%Z0 leptonic decayD O O 0O OO0 OO0 my,,, ~ 165GeV, 250fb~"
000000000 25%000 Omy,,, < 200GeVO0O 200006700000 30%
ooooO00

0 00 Ohadronic decay 0 720 tageingD 000000 0O0DO0ODO00OOOOO
000000500fb7", /s =~ 350GeV, my,,, ~ 200GeV D §BR(h — bb)/BR ~ 25%
000000 mass ranged OO OO ce, 7777, gg and vy O O branching ratio ]
Oo0o000ooOooooo

O O intermediate mass ranged 0 O vector boson 0 O Branching Ratiod OO
00000000 0Omy,, = 160GeV, 500(b7'0 0000 21%00000000
0000150 —200GeVOOOOO 7% 000000000000

BR(h — ZZ)0 0 00O Ohadronic Z decayd hadronic W decayd 0 00O
000000500 '000000000 Higes decayd D0 200 200000
Oidentify0 0 0000000000000 myp,, ~210GeVOOOO’%DOOO
(740000 my,,, ~ 160GeVO OO 17%0 00O [75]0 ZZ0O O branching ratioO
oooooo

4.4 Couplings:Heavy Higgs case

OO0 O Higgs boson0 OO DODOODDOO my > 2m 000000 O Higgs bo-
sond SMOOOOODO couplingD 000000000000 O0O00O0 (Mg, <
212GeV 95%CL)0 0 ONew Physics DO D000 O OZ-peakD O O0OOOOOO0O
000000 non-SMeffect 0 0000000000000 0000000O0O0 /s
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O000 luminosity D D OO0O000 LCODODO OO heavy Higgs boson O coupling [J
O0000D00O0000D00 SMHigegsDOODOOOODOODOOOODOODONew
PhysiecsOOD OO O0OO00ODOOOODOOODOOO

4.4.1 Cross Section

000 mp,,, = 500GeV DO OO OSM-liked Higgs boson 70GeV O width
000o0oooooogwrw=(55%), 2Z(25%), 00 O t(20%)000 0+/s =
800GeV O O Zh cross sectiond 6fb0 0 OO O Higgs 0 OO W-fusion process[]
000 dominated 0 OO0 cross sectiond 10fbO0 00 01000b~' 00000000
70 electron00 OO0 muonl decayd0 OO 0OD0OOO 400 Zh events0 0 OO0 OO
000 cit0 0000 De(ZM)D 7% 00000000000000O

4.4.2 Branching Ratios

LHCOOOOOOOOO QCD backgroundO OO0 h — tt-moded 00 00O
OO0OobooODbOo0obbobOOo0oooob LcooobooooosMOOognoag top-
Yukawa constant 0 00 0 0 O 0O O OHiggs bosond 350GeVOODOOOOOOOOO
000 top-YukawaO O OO OO O

study D 0 00 500fb™'0 6BR/BR ~ 14% 0 000 00 OTESLA detector O
WW — hsy — tt process 0 1000fb™", final stated 6-jets0 0000000 10%
O0000O00oOOooOooo

wWw, ZZ0000002000000000

4.5 Summary of Couplings

OO000DO0O0000O0DO0O000o00obOOoobODDO SM Higgs bosonO cou-
plingD 0000000 OODODODO20C000000O

4.6 Total Width

light Higgs boson0 OO0 00 00000 OSM widthO OO OO ODOODOOO
OO00D0000000 d0branching ratiod coupling0 000000000 OOO
indirect 0 0 model-independent O total widthO O OO O OOOOOOO0O

Tyt = I'(h = X)/BR(h — X) (59)

gogd
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Amy, ~ 140 MeV (recoil against leptons from 7)
~ 50 MeV (direct reconstruction)
my, 120 | 140 | 160 | 200 | 400-500
V5(GeV) 500 800
Ao(Zh)]o(Zh) 65% | 65% | 6% | 7% | 10%
Ac(vvh)BR(bb)/aBR 3.5% 6% | 17% - -
‘ dGhsz | Ghee (fromBR's) ‘ ‘
i T_20%t | - - - 10%
bb 1.5% 2% 3.5% | 12.5% -
cc 20% 22.5% - - -
Tt 4% 5% - - -
Www® 4.5% 2% | 1.5% | 3.5% | 8.5%
S - -1 85% | 4% 10%
qq 10% 12.5% - - -
0% ™% 10% - - -
Ghhh 23%% - - - -

O 20: SM-like Higgs boson0 OO O LCODODODOOO couplingD OO ODODOODO
00000000500 '00000000 ¢ radiative tth production, 1000fb™!,
CMenergy = 800 — 1000GeV.  1000fb™".
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LEP20 boundO OO0 my, > 115GeVIO O0OO0OOOOOOO WW*OO branch-
ingratio0 000000000 LCODODODOODOO O model-independent 0 total width
OoO00oooooood

Mg, > 200GeVOOODODO Oy, 0 2GeVO OODO OO Ophysical widthO O
O LC detector O resolution0 00 000 00O Ostudyd O 00O 240 — 280GeV 0O O
O06%00000000000000 indirect00000000O0O00OOOO
O00D000oOoooooooooood

4.7 Quantum Numbers

Higgs boson [ spin,parity,charge conjugation quantum number JF¢ O model-
independent] LCO OO0 O00O0O0D0O0ODO0O0ODODOOODOOOODOOODOOOOO

o yy-collision0 0O 0ODODO HiggsD J=100000000CO0O0OO0O

o 7 ¢ Higgsstrahlung cross section 0 threshold 0 0 00D OO0 OO0 JPYO DO
O0000OOcross section O 000000O0OOODODOO CP-even object
0000000 @A00000000000000 CP-odd objectD OO 0O
900000000000 Ooo

o cte™ — Z¢ cross section0 0 00000 ¢0 CP-evend O CP-oddd OO O
O000 mixtureOOOOOO0OCP-oddD000O0O0OO0OODODODOOOOO0O
forward-backward asymmetry OO0 OO0 00000000

e 7/ — ffO0O000fermion000000 ¢0 CPnatwreD 000007 —
ete”, Z - utp 00000000000 000000O00O0OCOOOe O Z
0000000000 e 0 7000000000000 720000000
OO00D0D0000O00000 CP-evenl CP-odd0O0D00O0OD0OOOODODOODO

e 0D @0 77~ 0000 #00000O branching ratio0 0000000 OO
0000000 fermion000000000COCOOCOOOOO0O ¢0 Yukawa
coupline0 0000000

o ttop /s> 800GeVDm¢,§,200GeV OO0000 cross sectionO0 000 OOO
O0000000 ¢0O top Yukawa coupling0 00O CPODOOOODOODOO
ooooo

e o0 CPO photon0 D DO O0OONw - 00000000 ODOOODOOO
000 Section 4.8 0O OO
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cross section, fb

e oUOODOOUODO ZZ-couplingDODODOODODODO Ueme™ = ZZe e” — pe e

O ¢00 final electron00 0000000 0OOOODOO CPODOOODDOO

O000000CP-oddDOODOOO CP-evenOOODOOOOO hardO spec-

trumO O 0O 0O

Fitsof 2 dimensional angular distributions of ZH

&
o3 60*
O
o
o
o
o

(b) 07" hypothesis

0" hypothesis \L
40 | \
30

50 |

= =
o a1
P TR S |

a1
P R T

20|
10|

0 2 e 0 ! ! I

210 220 230 240 250 0 04 08 12 1.6

chisquared/df
Vs, GeV

0 49: (a) Higgsstrahlung O Othreshold D 00 0 0O OO Higgs spin0 000000
000 (b)Z¢ event O CP-even state D0 CP-odd stated O fit0 O O O

4.8 The ~~v-Collider Option

~~-collision 0 0 O Higegs 0 0 00 OO OHiges O two-photon widthD O OO OO
OO0 photonOODODOODO CPODOOODOOODOODOOO

00000 SM-liked Higgs bosonhgas O v+ couplingd HiggsO OO DO OO
000000000 000000000leop0O0OOOOOOO I'(hsm — v7)
O000OHigesDOOODOOODODDOOOOOODODOOOODDOOOOOOOO
0000000000

OO0~y collisionD OO0ODO0O0DO0O0DOOO0OO spin-0 Higgs A0 CP-natured
photon 000000000000 DDODOOOODOOOOcoupling00O0OODOODO
Ooooooog

ACP:+ X E)1 : g?v ACP:— X (gl X g?) ' ﬁbeam (60)
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OO0 O00D0DODO laser photon polarization vectorD OO0 OO0 O0O0O0O0OO0O
000 OHigegsO OO resonance0 00 C'P-evenOCP-odd0 00000 OOOOO
Oo0oogd

5 Conclusion

OO000D0O0O0000000D0OHggs boson LHCOODOODODUODO OOO O Hig-
gsUO00000DODO000DOD0O0ODO0ODODOO0000OLHCD HiggsO 5— o discovery
000000000000 00D000O0

O00000O0OHigesO OODODOD0OOO0ODOODODOOODOOOOODODODODOO
00000000 couplingD OOOOOOODODODODODOOODOOODOODODOO
0000000000000000DO0O000OO00ooogoooooooo
000 LCO "Higgs Factory’ OO O OO OO Higegs OO ODOODOODOOOODOODO
000000000000 D0000O0

000000000000 0O0O Higgs boson0 0000 DOO0ODOODODOOOO
O00odoboooboboooooboooobooboobOobOoOo LHCOOo Lcobooo g
OO00o0o0O0ODOoOOoO0o
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