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HO production at hadron colliders:
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Events / 500 MeV

Diltynctive Higgs poduction  CDF
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NUMBER OF EVENTS / (30/fh)

H - ZZ 4 leplons

Standard Higgs - ZZ - 4 LEPTONS

ATLAS
ot el £=30 {b”

351

1 7—1 w HF%Q
5| 2] ] |
% : ':L | LMH"* 4o GeV
Zﬂ: '
i Zz lﬂqa.
e
10} 1L ‘ i
g r T
i i "_‘_-J;'_riq;-_
200 150 200 250 300 350 400 450 500

invariant mass of 4 leptons (GeV/c**2) M
H

Vit HERBRE 00143
Evidence of Higgs boson dearying inte Jour leplon:

(Search for.. MIRE W, TR 1 X # 2= (TCEPP ))
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Precision on SM Higgs mass

.-..I 1 1 I 1 1 I I I I T T ]
@ H, WH, ttH (H = vy) -
A WH, ttH (H — bb)
10—k V¥V H— WW - lvly -
- B H- zzM 5 41 3
- A All channels .
A i,
= 10 = /E -
T E [y :
£ E ; .
- B -
= @ E./ -
e "@-é@ﬂa ool
z
i o
e 300 fhzli=is
BT e | 1 1 I | ] e e )
102 103

mHy (GeV)

Limiting factor is knowledge of the absolute

energy scale
for leptons and photons it is assumed to be

known to 0.1% thanks to nearby Z
for jets it is assumed to be 1%




Precision on SM Higgs width

1 Fa T T | T T T T | T

o

® H- ZZ - 4]- -

10__“_— 5
I ATEAS EMS 300 fb-1 E
10_2 L ] 1 I I ] i 1 1 | 1 ] 1 2’
200 400 600 800

my (GeV)

Limiting factor are radiative decays

systematic uncertainty assumed to be 1.5%
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MSSM HIGGS searches : h, H, A, H*

[Large variety of channels:

8 " h— tth = tbe, H—ZZ" — 44 also in SM

— A/H = uu, tz, tt, H* = 7v, cs, tb :
typical
~H—>hh, A —>Zh of MSSM
ot AIH % 0 ﬂ1
’ X ;‘Z : if SUSY particles
=i = hi accessible
Note : 7
-- suppression/absence of WWH, ZZH, S 3
ompared
WWA, ZZA couplings L S;:;r
-- strong enhancement of bbA, bbH couplings
for large tanpP J

— A/H — yu,tvr accessible

2 steps:

@ SUSY particles are heavy — do not contribute to Higgs
production / decay

® SUSY particles contribute




50 sy = e
%m E ATLAS+CMS |
b = fldt = 30 ib™' fexp
L] :;1 Maximal mixing
tth, h—=>Dbb ;
20 = .
=  Combinec
bbh,h—uu = gg=>h=—>7r
= Wh,tth with h—> 9y
10 :E
# I =
8 o
1 =
6 [ e
s | Yo
4
3
——m
2‘ "
{ . I I i | d B . | I | L J
S0 150 200 250 300 350 400 430 500
m, (GeV)

m, > 100 GeV:

-- h mass close to max value (~ 130 GeV)
-- h behaves as SM Higgs — SM production and decay modes

m, < 100 GeV:
-- h mass decreases

- BR (h— yy) and tth production suppressed
-- large tanP : bbh production enhanced — bb pu channel observable
Robust coverage:

-- different production mechanisms : gg — h (loops), Wh, tth
-- different decays : h — yy (loops), h = bb




tang
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S

T :"' e

17 R ATLAS+CMS
,-”‘ \ SlLdt = 30 fb] ;"u:g
30| N Hc:rmmu{ mixing |
':.i & e I
;,I_j iy |f-.' —p Lt i
by Iy |
w7 =
7 GUNIBSISSSEE my > 200 GeV:
4 . Wy e - |
Z X W ““m TR . Aand H are
a2 T T eTH/A = 77> hodhod -~ degenerate
9 } : b f'/’ '
8| N\ SR |
7 :: SN VI s r — hodlep :
6 roy
i
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S0 100 150 200 250 300 350 400 450 500

e Large tanf3 : bbH,bbA strongly enhanced
e.g. o (MSSM)/ o (SM) = 5000 tanf} =30, m =300 GeV

= H/A — 11, UL observable and cover large
part of parameter space

e Small tan3 : large number of channels

— measurement of many couplings
including Hhh, AZh




H* bosons

tang
S

8 5

8

& O o EG

| A et

]
= ey o R 2R ) |
50 100 150 200 250 300 350 400 450 400

emy, <m;: t— bH" (H* = v) competes with t — bW
— count excess of T’sin tt final states
3000 W — 1v »
1500 Ht - v m=130GeV tanP=5  tt events, 30 fb!
4000 fake © from W — jj

tanB < 1.5 : HE—> cs

e My, >m:
H t g ooz ¢

--gb—o>H*t—>tbt t
--gb— Hft—>1v t b Hee




All (almost ...) channels together .

!
&

T L

50 f; — T
| S ATLAS+CMS
= 2 18 = ALdt=30 o< fexp |
304 | = -I-lammqr mixing | x 3
:: i- _\:_:‘::'_ :' e tj'.\ ____;, ,uﬂ | Sﬂum!ng :
20 | 4 |2 _:%# 2 rr _." ap.hod. | SUSY particles
Z L -'f'r.-u A - ""'"H'i
7 3 —— are heavy
10 L2 A S.
I
g 'r.:
19 Not all channels
8 | 7 shown
a4t ¥
I
S|4
:.
2 } &
7
7z
%

56 100 150 200 250 300 350 400 480 800

* Plane fully covered (no holes) at low L (30 fb!)
e Main channels : 7 — 9y, bb, A/H — uu, 7z, H* - 1v

« Two or more Higgs can be observed over most of parameter
space — disentangle SM / MSSM

e If LEP observes hA , LHC will observe Hf and H

if LEP observes hZ ( disentangling SM / MSSM difficult)
LHC will observe h, A, H, H* for m, <400 GeV

Uncertaintics : Am, = %30 GeV (e.g. from Amy ~3 GeV), Atanf} =+ 0.7
Impact of mixing on couplings studied for minimal mixing
but not for all possible mixing (evolving theory predictions)




s 5 Lmiss = .-
The CMS q,g mass reach in E.. "+ jets inclusive channel
for various integrated luminosities

Lode= 1, 10, 100, 300 b
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M- 2 (G&V)

3000 7

2500

2000

1500

1000

500 |

Squark / gluino reach
at Vs =28 TeV

s =14 TeV: 100 fb~", 200 fb~’

Ag=0.tanp=10,u >0
| I |

0 50 1000 1500 2000
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10

Strongly interacting Higgs

It no Higgs — EWSB probed by V, V; scattering
Experimental handle: forward jet tag

Resonant scattering
F 100 fb-!

€.8. X + LT
W,Z —>WZ 5 =

sensitivity up to
=~ 1.5 TeV

|||_I
]
=t

300 fb!

Non-resonant scattering

e.g.
Wi WL Wy Wi !

Tetetete ettt I

Tatehate?

a 500 1030 1500 300
m,,.. (GeV)
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