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‘ Omitting.... I

e Higgs with yy collider option
e SM vs. MSSM interpretations
e Results at multi-TeV CLIC energies

e Impact of Giga-Z precision measurements on Higgs

‘Acknowledgements I Discussions

e Regional convenors and reports: ACFA Report,
TESLA TDR, Snowmass Resource Book

e Results from LCWS2002 & mini-reviews
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e That we survived Typhoon Rusa at LCWS2002
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‘ Standard Model Higgs I
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e Radiation off of top quarks, multiple Higgs production

e Copious production! 1000's to 10,000's of events per year.
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. Total width starts to be
directly measurable

From Spira, HDECAY
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Injector System
for 1.5 TeV

0.6 GeV (X)

Pre-Linac Compressor
6 GeV (S) 3

Compressor Damping
136 MeV (L) Ring
% (UHF)
2 GeV (S)

Electron Main Linac

240-490 GeV (X) \

‘ NLC/JLC Layoutl

Bypass Lines
50, 150, 250 GeV

yd

500 Ge\éfRtgAror

Two linacs, 20 mrad

Final crossing angle
Focus
km Dump
Low Energy _
skm IR (90- High Energy IR
500 GeV) (250 G_eV to
multi-TeV)
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Final
Focus - -
7 x 10¥ cm?s™at 1.25 TeV
Eri i T |
Rt o HEIR |
30| N

6 GeV (S) 9 \

2 GeV (L) g \
Pre-Damping o \
Ring (UHF) _ % 10l Y

Damping 8 :
136 MeV (L) ond g
Compressor *5')
Pre-Linac 8
6 GeV (S) Compressor =
-}
- Ll N
0.6 GeV (X) 2 750 1530

8602A95

Energy (GeV)

Qualify unloaded accelerator,
trade energy and lumi over
wide range



| Flexibility |

Threshold ' Discovery

Calibration scans !
at Z peak (Higgs, . Particle
SUSY), ' properties
Giga-Z _ o
(~10 Jyear) Higgs - Virtual
properties effects
_ _ 45 GeV 150 GeV 250 GeV
Diagnostic 2.5 km 3.0 km 5.4 km
- ya / a/' ‘\k
] il ):r_ il ,:v_ Bypass Lines™ | ):r_
RF Sectors RF Sectors RF Sectors
1-2 3-7 8-13
- 12.9 km >

5-2001

Luminosity
(10 cm s ) 3:5

a0 NLC (and JLC, TESLA also can run @ lower E)

113 200

e Baseline includes electron polarization

(not in baseline:

possibility of ~60% polarization of positrons)

e Design ~200 fo per year




‘ Higgs Properties I

Pinning it down...

LHC: yes, unless
Invisible decays

LC: all decays

LHC: some
ratios of couplings;
T, top

LC: Abs. Br's for all
non-negl. decay
modes; many
couplings to better
than 5%

LHC: yy

LC: All: need
lots of lumi for

o| Mass | (\)
e Yukawa couplings: O¢ ¢y Om:? |Brs,o

(mass to fermions?)

2

e Mass to_ vector 9y UM, ? |Brs, o

bosons: V=ZzW
More than M2

i 4 2 _.,2

one Hogs? 5 0w Zwi e

7 Fully generate mass of Z?

o Decays to other bosons:

Sensitive to new physics

SM yy decay

LHC: indirect, not
as well or not at all;
direct, yes.

LC: both indirect
and direct

LHC: tough (CP: ttH?
LC: yes, yy collider

AVAVAVAR s
.
"N VL9

Total Width

Brs, o

(indirect)

(direct) or

) ¢ Spin, parity, CP nature |Ang. dist., Oyy

helps for CP
LHC: no
LC: yes, if lots

e Form of Higgs Potential, (O yy

self-coupling, A

of luminosity

HHH



recoil

I.—I Recoil mass:
Mass My =5 — 2E5s — M2

q_m,

Include bremstrahlung
and beamstrahlung
q effects

e More precision from
Z - e e
Z — WU~ decays

Decays to X, including invisible

NLC at 350 GeV (U 'uX) H. Yang
>0 115 GeV]
| — e .
200 E 10 ® Includes !ept_on |d_,
S — 140 GeV systematics in effic.
3 and 1% on luminosity_,
g 200 WW
3 e\/s = 350 GeV, 500 fb
c 150
z Am,, ~ 90 MeV
W 100 H e
50
1 X ]
0 T \

L R I A A ‘
100 120 140 160 180 200
Z0 Recoil Mass (GeV)



Yang, Riles; ALCWG detector

1.2 | | ‘ | | ‘ | | | ‘ | | | ‘ | | | ‘ |
MC Interpolation Fit (PandoraVV2.2)
1 _ e+e- — ZH — |+|-X _
% |
‘%08 /s = 500 GeV
S Ar -
S 06 M, = 120 GeV
0.4 -
0.2 -
, M, = 120, 160 GeV
0 VS = 350 GeV
0 200 400 600 800 1000
Integrated Luminosity (fb™)

e/s =350 GeV, 500 fb™t  ey/s =500 GeV, 500 fb!
Am,, ~ 90 MeV Am,, ~ 300 MeV

e Also from hadronic Higgs decays, direct reconstruction
jet-jet invariant mass: Am,, ~ 50 MeV



event

Nevent
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75

50

25

Intermediate mass Higgs (e.g. 240 GeV):
decays dominantly to gauge bosons;
need disentangling

h - WW

h - zZZ

e.g., decays to 4 jets

Raw jet energy — After kinematic fits | Meyer

[ 4 Simulated data
[ 1 H— WW
[ . H - 22

.. TI1_|H=I-'-I-|]GE\" +
| s =500 GeV
- L =5001"

_+
+++

even

100 |-

[ 4 Simulated data
| H— WW
| = H— Zz

75 e mH=2=I[I GeV
W5 = 500 GeV
L =500 fb!

+

N 100
Dijet Mass ™;

- [0 H—ww
[ [ H—2zzZ

—  Fit result

Il Background |

+ Simulateddata'l' N. Nayer4R Esdsch

240

vS =500 GeV
L =500fb*

260 280
myr econst.

B0 LLL

Dijet Mass ™

m

AM, ~ 200 MeV

OBr(WW)/Br = 6%
oBr(Z2)/Br = 6%



‘ Cross Section I

e From previous recoil mass, 500 fb -

AQzzy
OzH 9771

~ 3.3%

Yang, Riles; ALCWG detector

20 I I I I I I I I I
MC Interpol ation Fit tPandoraVZ 2)

e'e - ZH - I'I'X |

=
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M, =120 GeV
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=
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| \/s = 350 GeV

0 200 400 600 800 1000
Integrated Luminosity (fb™)



Events

WW fusion cross section:

RVK, NLC Snowmass

- Resource Book

500 ¢ Simulated Data B

’ -~ HZ 500 fb

Ll L9l sesas WW _»HVV
0 — Sum \/S =500

1 GeV
300 )
00l FE Mhpaar
100 ~ Higgstrahlung _'-u Fusion LL-
0 Y. ‘ | | 'l__|F ‘
50 100 150 200 250

Missing Mass (GeV)

A
—a0% [ 2IWWH_ 5 0o

Oy IwwH

(plus same coupling from
branching ratios too!)



cross section, fh

210 220 230 240

) Bower, Was, etal. H ~1— sl st + slsl
Parity U

H- TT -pV - TTTCV
—>pV —>T[_TPV

In p*p
rest frame

120 GeV Higgs, 500 fb;’
after selection, >30 separation in
85% of cases

...also Choi,
theory D. Miller

Updated

Scan Higgs threshold

20 fb per scan point
Using bypass lines,
2nd low energy IP?

+ - +
T T T T
A ~l-sys) —s.s,
Pions with same sign
e enate energy difference

3,400 1

3,200 - Odd

M Een parity
- 2l parity

] ] ] ] ] ]
T T T T T T
0.5 1.0 1.5 2.0 2.5 3.0
acoplanarity angle (radisns)



‘ Branching Ratios I Couplings!

Measure 0(ZH) using recoil mass technique,
then 0(ZH)-Br(H — X ) tofind Br(H - X)

e Check couplings of fermions and bosons to Higgs
e Distinguish SM from SUSY Higgs
o Ratios of Brs allow indirect measure of M,, extract tang

o Extraction of total Higgs width [ ;,; _
TESLA TDR, Battaglia

=

bb —— —
= \:. /

SM Higgs Branching Ratio
\ﬂ
/\//\

10° | w'w Band: theory error
? Error on points:
measurement error

.

-3 W \ \ \ \
10 s 1 N

100 110 120 130 140 150 160

e Find fraction of Br signal (and non-signal) in
unbiased sample; binomial errors smaller than
Gaussian errors (J.C. Brient)

e Still not complete agreement between regions in cc
and gg precision (monojet vs. multijet effic./purity)



The rare:

OBr/Br = 0.32,

800 GeV, 1000 fb ™"

Test universality: 9 uh /9th

= mp/m¢?

Battaglia

Evts./1ab’

> L

V'S 0.8 TeV

14E

L3 1]

P Mass (GeV)

WW fusion followed by h — bb, heavier Higgs

Evts/1 ab™

My = 180 GeV

L Br/Br=0.12
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RESULTS FOR /s = 0.8 TEV AND £ = 1 AB™!



Bl’(h — W) photon coupling, better
through photon-photon collider

production - » decay

VAVAVAV R 4

(H,A), SUSY
or THDM AN Y

TESLA TDR
80 ——

1000 fb ™
VS =500 GeV
120 GeV Higgs,

Higgstrahlung and
WW fusion production

Events/1 GeV

20 £

10;_ 1C|%C |:| ABf(h - W) = 26%
910 115 120 125 Br(h — yy)

M., (GeV) (~20% ALCWG)



The unusual:

‘ Invisible Branching Ratio I

h - X2X3
- Majorons
— heavy neutrinos
- Higgs singlets

- radions
(from extra dim.)

e hZ » all

invisible
Explicitly search for Z recoiling against
"nothing" (previously, e.g., [1 - Br's])

RvK
1.0 1 1 1

OB Br

500 fb = -

08 [

04 \

0.2 RN
| VS =350 GeV ~ -

—_——

0.0 1 1 1 1 1 L1 I| 1 1 1 1 1 L1 I|
0.01 0.05 0.1 0.5 1.0

M. Schumacher, TESLA, similar, also
observation to 50 for Brdown to 2%



[ﬁ Departures? L
Total Width Determination New physics!

m,, = 115 GeV

increasing

assumptions

500 b -
Model independent

ATl /T, ~10% for masses between

_ T(H->Ww*

" Br(H - WW#) — LC
Where [ (H -~ WW?*) from: « o(Hvv):-Br(H - bb) — LC

, 9(HZ)
Isu(HZ)

(model independent!!)

— LC

' /_SM(H - ZZ*)

(coupling universality)

o [ou(H->WW* )

120 and 200 GeV
(~factor 2 better with assumptions)

m, > 205 GeV, " ~2GeV,

directly resolvable

+ Simulateddata'l'
100 - [0 H—ww

L @ H—2z

[ J Background

S :_ — Fit result

50 |

25 |

* Fit to peak

0 N o
200 220 240

m,, = 240 GeV
vS=500 GeV
L =500fb*

AT

=11%

r(H) [GeV]

100

10 |

100 200 30040 500
My [GeV]




‘ Coupling to top, g4 I

AGy/ Gy (%)

o Heavy Higgs o But if light, radiation off top
+ | +
e R e
Z .
o+ H _
t
e / ; e
t
— TESLA ;
+ Hosbb; Ac®c™ = 59% L=1000 fb
il E__=800 GeV
-+ H—sbb;Ac™"e™ = 10%
BG BG
- : ofl, ol _
" e 1 o needs large vs
* H— WW ; Ac®c®™ = 10% .
- BG BG e CrOSS section
== H— bb&@WW ; Ac" /o™ = 5%
- BG BG decreases
rapidly for heavier
T * Higgs

X  bbbbWW |

e Miquel et al.,
scan across ftt

40-
_ threshold not
very sensitive
- WWWWbb K to this parameter
2+ N ,—;:’«'5""’,
[ A eSS
w ._-J"'f
- E —} Juste & Merino
0 I I T N R N CRNIE L N R e N R D SN L T
120 140 160 180 200

m,, (GeV/c?)



‘ Higgs Potential: Self Coupling I

Is it condensating?
(resulting in spontaneous symmetry breaking...)

V(¢) We are exploring
the "valley"
rather than

the "mountain”

/ IS it a sombrero?

@
Standard Model Supersymmetry
V(p) = Ml @l v?)’ V(g.g)= ...
L= AviH" + )\vH3+%AH3 Annh s Arnn s Aabn
5 — functions of SUSY
Hir = 3My Mz parameters.
(in units of

Ay = M2y ~33.8 GeV)



e Separation of hhh vs.ZZh components
via kinematics:

72
> ! h
g 035} | — o
8 [ | e ‘xh
Double ILE] \ )
i : T |
Higgstrahlung: T o2sf | } z
[e) : . . _h
o2k | Triple Higgs .-
Zhh - vvbbbb 5 O Vertex
+— [ L
S 015 | 1| ) z
0.05} L
O:_ \\I_L\-u_
200 400 600 800

e ...as well as cross section:

o(e’e” - HHZ) (fb)

0.24

022}
0.2 |
0.18}
0.16
0.14 |
0.12}
0.1

04 06 08 10 1.2 14

Ohnr/Inn(SM)

Battaglia, Boos, Yao
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HH Mass (GeV)

1000 fb 1
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| ——t
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400 600 8
HH Mass (GeV)



Yao, Battaglia, Gay e+e— — ywhh ot 500Gev

e Cando at 500 GeV  zy

r— Signal+BKG with 2000/fb

with enough integrated | s (mosty tiban) ]

luminosity R y

e 2000 fb™ S 1o} _
m, =120 GeV 2 i

5 gof :

AN ~ 20%

5=

e £E_=700-1000 GeV, i .
measure to ~10% 0 0l e, w0 20




: Typical benchmark: 000 < 504
Couplings Vs =500 GeV 00 5-10%

-1
500 fb 10 — 25%
(S M) [] 0
400-500
my (GeV) 120 140 160 200 /S = 800 GeV
AC 71y 1 O 7y ooo | oo | oo aln aln
AC,, Br(bb)/ OBr| 00O 00 0 - _
00 tt 0 0O - - - 00
I b 00 HEN HEn []
(from Br's) bb B
cc ] ] - - -
I'T ooo | oo - _ _
+
Iy 0| - - | - -
(e.g., HFITTER g/ 000 | 000 | 000 000 00
can be used
for combining
with cross ZZ* — — (0] 000 a0
section info)
a9 00 [] — — —
124 [0 [] — — —
Ihhh O = - - -
Model
Independent ot _— o - U -




‘ SUSY Higgs I

e High sensitivity to SUSY Higgs too
L] same level of precision of properties and couplings
for h% and Mo, Mo , Mpys 2 Vs/2
(tH* , W¥H*, bbA, etc. single production also possible)

L] 3Br (from SM) measurements extend this reach

ACFA JLC Report
JS =500 (Gev) ¢ =0.1(fb)

L AH
y —

1fb 0.1fb

1 1 1 1 L 1 1 L 1
50 100 150 200 250 300 350 400 450 500
Mp (GeV)

~measure properties ~0bserve

Constant Cross Section Contours





