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Introduaetion

-

e Searches at LEP-2 are now sensitive to a SM-like Higgs boson
with M0 > Mo and extensively probing the low tan 8 solutions
of MSSM:
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e LHC to continue Higgs search from LEP-2 kinematical limits to
higher masses by combination of different decays modes:
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SM Higgs combined channel thresholds

—» Bayesian combination method - two experiments
— 30% better myp resolution than Run 1

— SHW acceptance
—» nominal systematic errors: 10% or 1/v LB
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MSSM discovery/exclusion from SM Higgs channe;ls
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MSSM
At Tree Level the lightest CP-even Higgs , h, must be

[ T

lighter than Z-boson
Top/Stop loop can make it larger, but limited
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NMSSM (MSSM + extra singlet)

if we assume the higgs coupling is finit upto GUT scale
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Minimum Cross-section for lightest CP-even Higgs production
SM, MSSM, NMSSM
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Example of Higgs Measurements

WW -fusion cross-section measurement

Verify Higgs Gauge Coupling
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Measurement of the branching rate
SUSY parameter dependence is small for gg, cc

Know the A mass
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. Presented results were all Qﬂe.'r
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- Recoil Mass Fit, eve™
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My measwrement
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( VTX mass tagging for b-c separation
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Measuring Higgs Branching Ratios

BR(H" — ¢q)

e For cach candidate hadronic Higgs decay compute wi + dd + S8,
ce and bb di-jet flavour tagging probabilitics;

e subtract background from H® peak sidebands;
o [Mit:

— BR(H — bb)/BR(H — hadrons),

— BR(H — c¢)/BR{H — hadrons) and

~ BR(H — gg)/BR{H — hadrons) fractions

e use a binned likelihood fit to the background subtracted di-jet
flavour tagging response {3 entries/evt).
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Measuring Hipes Dranching Ratios

Higgs Branching Rdllu Determination
for my = 120 GeV/c? > and 500 fh~

Channel a(mﬁﬁj’hﬁfm}); R|8(BR(H — X)/BR

HY/RY —ce | £0.134 | £0.080 | £0.135 | & 0.083
HYR — gg | £0.050 | =0.050 | +0.055 | £ 0.055

HOJRY — bb | £ 0011 | & 0008 | = 0.024 | % 0.024

HO/RO — 7t7- + 0.060
VHY R — WW? + 0.051
g 'tE"bb
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e SM BR’s and uncertainties estimated from HDECAY program:
— my = (4.82 + 0.10) GeV/c?, my —m, = (3.40 £ 0.04) GeV/c?

— a(my) = 0.1164 £ 0.0025, my,, = (175 £ 0.3) GeV/c?
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ScAN OF MSSM PARAMETER SPACE

e Scan of MSSM parameters:

) < tan 3 < G0
150 GeV/er < My < 1100 GeV /e~
DUk f.._:l'\'_l.-"'r'l'r < Margy << 1500 {:.;l'“‘n,ll.*fr'l"
—1000 GeV < g < 1000 GeV
0 < Mpp/M; < VG
0.5 < .-"llfr-l, "f-"U,H'.f.',qal. <1

[

e find MSSM parameters giving Mo = (120 £ 2) GeV/c* using
the diagrammatic two-loop result for My, by Heinemeyer, Hollik,
Weiglen implemented in the FEYNHIGGS program,

e compute Higes decay branching ratios, including QCD corrections
for quark and squark loops computed by Djouadi, Kalinowski,
Spira and implemented in the HDECAY program.

o compute pulls of MSSM BR's from those predicted in SM:

&(BR} _ 1BRMSSM_BRSM[

ﬂ'th—i-ﬂ'gmp
e choose as discriminating variables:

1. BR(h — bb)/BR(h — hadrons)
2. BR(h — c¢)/BR(h — hadrons)
3. BR(h — ¢g)/BR(h — hadrons)
4. BR(h — bb)/BR(h — WW*)
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SM / MSSM SEPARATION IN My - tan/ PLANE
(L = 1000 rB~!, THEORY SYST. / 2.0
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Towards
real exrerimen‘\' @) L_.C

socon (200% /2008 )

Need

mere and more cAec/cs

cen Si'c:/er‘i‘né]
Rea«e ex/beri men—fa/@ situation



P [
At Next Linear Collider (1st phase) )

0. High energy Ecm = 250 - 500 GeV
| 1. High luminosity 2 -3 order higher than LEP
| 2. Small beam size — Good Primary Vetex Resolution

3. New technologies can be used...

Discovery (1if LEP/TEVATRON/LHC did not)

1s garanteed if Higgs exists in energy reach

Wea avmart areat Hiaae “rmanciiramiante’’
We expect great Higgs “measurements

from our experiences at LEP/SLC

More consideration

Worse than LEP/SLC ?
1.

o

eam-beam interaction

Energy spread, tail : depending on luminosity
So many ee eeee creation in a train collision — ST hits

2. Short bunch spacing & high luminosity per bunch
Events overlap !!
two-photon process (mini-jet) + signal, bkg
hard event + hard event ~ hZ, Ah can happen

3. Acceptance

| - cannot cover very forward region ?

-
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Impact of Beamstrahlung | e on,

ECFA DESY | |

The impact of beamstrahlung on recoil mass spectra
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4 N

Single track  muon p= 0.5-10GeV coS§ /0.8

beam-beam interaction : ABEL program
T.Tauchi, K. Yokoya, P.Chen Pair creation from beam-beam interaction in linear collider
Particle Accerelators 1993 Vol 41 pp29-39.

FULL DETECTOR SIMULATION (JIM)

Bwut u.s?ncj G's-‘F Fom (instead of 34m)
100 bunch beam-beam for S&'Fd:/ {

ABEL beam-beam MC
No beam-beam JLC (~1 hits/mm**2) 500 bunch beam-beam
(5 x JLC 500 GeV)
2
o8 20 F '
| S 5k
S wf .-
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| ¥ P I R
e 0 O T 0 s
L2 w0t
> :
U 20 r
|
2
=
O gf
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500 50 00 50
k LP.(z) (um)  LP.(z) (um) LP.(z) (um)
J

Sutory YAMASHITA  Satoru.Yamashita@cernch LOWS™9 Higes Sessiom M- Apr- 1950




£9
r,Tm:) Ehoton (mini—'!et) ba{:kgmund

1. Two-photon events and signal event can
overlap even in Single Bunch with siginificant rate,
due to Huge “Luminosity per Bunch” (Lg)

LEP-I  ~ 10°% nb!/bunch
SLC ~ 10~ nb! / bunch

JLC-C band / JLC-X / NLC / TESLA({low/high lumi)

Next LCs LB: 05-2 x 10-3 nb! / bunch
( @ 500 GeV parameter)

3 order of magnitude higher than LEP !

Two photon “cross-section”  Onn, ~ 10 - 100 nb order
(in detector region : hadronic+leptonic)

example : 66 nb @ Ecm=500 GeV (Hadronic: DG1 simulator)
(T.Tauchi LCWS'93: JLC-1 ‘93, minimum Pt 2 GeVi/c)

Two-photon overlap rate on “any” signal or bkg

Probability = 6y X Lp 1 % ~20 %

Can be higher..... depending on Detector acceptance
Machine parameters etc.

o _/
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1. Event topology, Evis, Acop, Higgs Mass... can be distorted.

2. Track(s) from overlapping two-photon event comes from
different production point in beam spot size. Use only 1- ?

Flavour tagging can be affected.

Selection efficiency, S/N should be affected. Systematic error ?

Can be difficult to control the systematic error.
because
A + Aamande 7 +1 | [ vt homecrhk By Riined
A) 1l 'L,'.,._:'-,,.i':.:'\ Oon tne :J.-}--:f}.“n:.:}- puncn oy Dunci.

Question to experts : How well can we monitor this ?
How stable it is ? Can we use average ?

™ e "

1 ¥ . 1 4 '
Al a™alalaltald ey O 1‘--. " =1aT:lala 5 =Tel @ | T armiero
I wo-photon Cross-section depends on bedm dinamics

Two sources of mini-jet

1. normal two-photon (virtual photon + virtual photon)
o Machine/beam
independent
‘ 2. beam-shtrahlung (real) photon + virtual photon
| c——*‘—m;w ,,f_,::_:’_‘: Machine/beam condition
P dependent
< -

Same level of contribution from 1.and 2. (T Tauchi JLC-I)

]

i ore ety PRECISEI Y
[ ] T - o b | -t Y
HIZEs property rapiscl Y.
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Monte Carlo Study

Higgs signal / bkg events (ff, WW, ZZ, Wev, Zee with Pythia)
with beam-strahlung Ecm smearing/tail

+ Two-photon sample : PHOJET (thanks to S.Soldner-Rembold)
M,,>2GeV Ecm=300 GeV

Use JSF Quick simulator, No beam-beam hits overlaied.

Effects on Higgs Mass reconstruction

Higgs Mass (visible mass) distribution

900 - H v hadronic H del,cuy | | _
Hwvv ]

800 - y

700 - “

600 |- H vv + one two-photon

500 |- ]

w |

300 -

200 |

100 |

0 gy
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Effect on kinematic selection efficiency

Justapplying selection optimised for no-overlap H-Nukumur}fﬁmlk}

1

o
&

VY

//

H—ge

; \ Hvv ..

eff / eff (no overlap)
e
o

g

Relative Efficiency
=
&

E | ]
0 1 2 3

Signal only + 1 mini-jet +2 mini-jet +3 mini-jet

Background level 1s almost same.

Wev increased rapidly, but still small.
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Effect on the flavour tagging
( Example for extreme case
Higgs (vvH) + 2 x mini-jet events

—

Check for different beam z-width (80 and 400 pum)

H .
mini-jet }_.:::*;:L_..LWM“HE‘ ?

e+ e -

= Overlap (ozbeam =0 : same pos)
— Higgs only = overlap (6z beam = 80 pm)
— overlap (6z beam = 400 um)

3-dimensional 2-dimensional (r-¢)

— T T T T T T '
3000 n 3000 -
2500 H—bb | 2500 H—bb |
2000 ‘ 2000 |
1500 | 1500
1000 | 1000
500 500

0 P 0 ]

2000 | H—}CC 1600 H—}UL'
1500 | 1200

ji., EEQEW
1000 '. = If-g%‘;‘* 800
50 [L e overor—/ 1 400 |

1""‘. e av—ﬁ:r 0 w

0

0 025 05 075 1 0 025 05 075 1

. B-ness / B-ness
| / .
b-c decay separation is Insensitive to overlap rate
sensitive to overlap rate. For very high luminosity.
No problem it overlap rate < 20 % Sensitivity is lower than 3-d

Note : Using only tracks in lcos6| < 0.9
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. MM Llnm Co”Icler IS a mfﬁne mafcl’n'ne +o
deﬁf'f Inwﬂiaa\'e H:‘ggs sector . K
Wﬁ "M bla GFPDr‘l'uni?/ ‘o di’ScuUEIr" br(j 'l'Ll'inJ;
from measwrements of Mu , O, Br.

2. Mwmwﬁ ALCRYOL does not s*rﬁﬂalf |
dQFenel on 5 ( Vs=300— §00 Gel/ D

Stat ewer with Z = 200 -FL"'; Mu=120 GeV

g R

aﬂz_r ~ 4 Y% 0 aM~ boMeV

aBy/g, bb ~ 2% , ww~ §%
Tt ~ ¥% , ccrgg~ /0%
cc ~ 154, 33~ 8 7%

. a}r-emlk/ 57$1'EMaf-'c. oy Can c:lamiﬂn.'i'e.
(errer‘me-tni % theoretical D

Yo Qual uate Mae (e-mass, ol , Ebeam . 7¢ﬂ'~)_

1f t\u?&ina e cnn'i--olai well (t}teorf sys = %
we can discriminate MSSM Fom SH

u.-T"I:o Mﬂ s bod ~ Yo O Ge\/
(5o $57')




__Con:.[u.sfnn ( cont’ )

The @Pthiﬂﬂh.ﬂ environment at Next LC
s very much differert fom LEP/sLC .

o incoberent e'e” ]?N‘r* bka - di-ﬁ:mlt;ns
o 3 order hiaher— Lm?narn‘-y /b.mc_].., I
— “two pheton
All affects systematic error Foverla .
as well as nominal SEnsiroitf, double events |
wei-lq.f .

F«Eﬁl istic thS'\'?Jﬁ"i'fﬂn
has been started .

These are still problematic . But getting
better.

Detector requim ments / P!cc,e}erwbv- vegu.l'uueuh
@ 8To < 1nsec , AT< Insec For tvacker 3 CAL
@ﬁ% < 10%/(E for 7T (ILe/NLe -6pe)
® Amrl'u.:.t |cos@ | dowm to 0.98 for CAL |
L, bumch £ 2x10° nbt

=0 STart exlaer‘imen-m m 2007 or 200§
os scheduled .




