Linear Collider
Snowmass Studies:

Working Summary

Pinning down
the Higgs with
a Linear Collider

o Mass
e Width
e Branching Ratios
(Cross-sections,
couplings)
o CP nature

FNAL Linear Collider Physics Rick Van Kooten

Study Group, ‘Indiana University
FNAL, 9 Feb. 2000



~ Collisions of e’&™/ 112~ (modulo detector
challenges)

e No problem at all if enough Vs

e Detected in many decay modes

e \Well-predicted backgrounds, good S/N
e Necessary vertexing proven in e'e”

"Higgsstrahlung’ WW fusion
@“+ﬂ”m 4 ’ H or @Mﬁnw_ . H@ v,

tag!
-~ bb (100 <m, < 150 GeV)
ww ™ (my = 140 GeV)
| (my 22m,)
Principle Decay modes
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HIGGS PROPERTIES
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No. of events/2 GeV bin
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Beamstrahlung - radiation of photons in the beam-beam

collision
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— Typical linac design -
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... not too much of a problem compared to unavoidable ISR
= use kinematic fits with missing momentum along
the beam (2) axis
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Recoil Mass
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WW Fusion - Event Mass
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Precision on Higgs Mass (it Gomion )
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Precision on Higgs Mass
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Table 7: Summary of approximate errors, Ampg,,, for my,,, < 300 GeV. LEP2 errors are for
L =600 pb™*. Tev33 errors are for L = 60 fb~'. LHC errors are for L = 600 fb™* for ATLAS+CMS.
NLC errors are given for a luminosity times efficiency of Le = 200 fb™" % 0.6 at both /5 = 500 GeV
and /s, = Mz + Mg, + 20 GeV.

L Machine/ Technique Ampg,, (MeV) (LAJ e
B my. (GeV 80 | mz | 100 | 110 Gorioms
LEP2 250 | 400 | - | - O I
TeV33 960 | 7 | 1500 | 2000 - TO3giot
LHC/~~ (stat+syst) 90 90 | 95 | 100
[ NLC/case-3 v/ = 500 813 | 674 | 572 | 494 |

- t

NLC/case-1 /5 = 500 370 | 264 | 196 | 151 L{ 2t = 200fb
NLC/hadronic /5 = 500 51 ? 51 51
NLC/case-3 /5 = /55, 27 | 29 | 31 34
NLC/case-1 /5= /55, | 3.6 | 3.8 | 4.1 | 44
NLC/hadronic /s = /55, | 15 17 | 19 22

NLC/threshold 40 70 55 58
FMC/scan 0.025 | 0.35| 0.1 M
my,(GeV) 120 | 130 | 140 | 150
TeV33 2700 | - - -
LHC /v (stat+syst) 105 | 110 | 130 | 150
LHC/44 (stat+syst) - 164 | 111 | 90
NLC/case-3 4/s = 500 432 | 383 | 343 | 311
NLC/case-1 /s = 500 120 97 80 63

NLC/hadronic /s = 500 52 52 53 55
NLC/case-3 /s = \/sz,_ . 37 | 40 | 44 | 48
NLC/case-l /s = /57, 48 | 52| 56 | 6.1

NLC/hadronic /5 = /57, | 24 27 | 30 34

NLC/threshold 65 75 85 | 100
FMC/scan 0.06 | 0.12 | 0.20 | 0.49
myo, (GeV) 170 | 190 | 200 | 300
LHC/4€ (statLsyst) 274 | 67 | 56 | 90
NLC/case-3 /3 = 500 261 225 | 211 | 153
NLC/case-1 /3 = 500 50 39 | 35 20

NLC/hadronic /3 = 500 58 | 62 | 65 | 113
NLC/case-3 \/5= /574, | 56 | 65 | 70 | 133
NLC/case-1 V5= v/sgs,,, | 71 | 82| 88 | 17

NLC/hadronic v/5 = /575, | 41 | 51 | 56 | 140
NLC /threshold 120 | 150 | 170 | ?

99



Higgs Mass Resolution - LEP/SLC
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~ Indirect <— | — ~ SM Higgs Resolvable

107

|I||IIIII| L | L | LI B

; hey l ;
[ h® ----- | i
jol b i |
~ E A =
L - e
(@) - tanB =20 . ]
— 0 |
10 == - ! ! —
e = P ' =
-+ S i ! =
] -7 1. i
— _}'I |§! 1 -
ST N £ ¢ : —
. = sk ' 3
— N i L ]
o K : ! M .
SN VA stop—moo GeV 3
u /\/'/ : no squark mixing A
iE - ! 4
10_3 ::I L1 | ;I 1l IE | | 1 I | - — | 1 | N —
0 100 200 300 400 500

Higgs Mass (GeV)

e |ndirectly: measuring o - Br, then ¢ or Br
| separately

e Direct resolution of line shape for heavy
Higgs states



Precision on Higgs Width
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Fractional Error in ¢BR
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Fractional Error in oBR
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Brancm 4 Ratios |

® Distinguish SM/MSSM/?? scenarios =
e Hints of m, even if A”is out of kinematic reach

Beauty of e~ 7°h°

Tag, Higgs mass peak in recoill
mass, then look at 1 — X

........

Dittofor ee™ —e e h

tag both e™ at 0 > 5° (detector
challenge)

@

® Snowmass projects: improve understanding,
try to decrease relative errors on prior
estimates of Br's —

e implications of sophisticated flavour
tagging on fermionic branching ratios =
Jacksewn, Rowsswu, Vau Kooten
® improvement of Br(h— WW*) and
o (WW — h)-Br(h — WW*)

(WW fusion, e'e” — h°vv)
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3 Event Selection Jsams, Kawagoe, Nolearm oo

Strategy of this analysis
1. Select Z°H? event for each decay modes of Z°

2. Determine the decay mode of Higgs using 3-D Impact Parameter

.\r;l= 3c0 Ge\/ R JLC Ae,chc."ror
4 jet (~70 %) 2 jet (~20 %) 2 jet+ll (~10 %)




5 Measurement Error of the Branching Ratio

Statistical Error of Measurement (%)

no polarization

AX

90 % polarization

DS djet  2jet 2jet+ll combined 4jet 2jet 2jet+ll combined

T ot —  — 151 —  — — 139 —

Oiot X Br(H — bb) 47 7.0 169 38 53 72 184 4.2
Ot X Br(H —¢¢)  62.1 714 1640 451 532 62.1 1740 394
Ot X Br(H — ¢+ gg) 32.1 348 977 229 275 302 103.0 199
g;%g:‘:gg 62.3 718 1650 453 535 626 1750  39.6
B?“_éf(gf ;;)99) 324 348 992 [23.12]280 311 1050 [2047)

myg = 120 GeV 50 fb~!
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® Another analysis using hZ improves
ABr(h —WW) from 24% to 17%
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Table 4: Summary of approximate errors for branching ratios, coupling-squared ratios, couplings-
squared and T~ as determined using only data accumulated in /5 = 500 GeV running at the
NLC, assuming L = 200 fb™" is accumulated. For BF(hsy — ) we have combined the NLC
/3 = 500 GeV results with results obtained using LHC data; the net accuracy so obtained for
BF(hsm — 77) is also reflected in the determination of I'y following the indirect procedure.
The errors for T'(hgpy = vy) quoted are for L = 50 fb™! accumulated in v collider running at

Vs~ my, /0.8, and are those employed in the indirect [y . determination.

Quantity __l_ ) Errors '
[ mu.(Gev) ] 80 | 100 | 110 | 120 J 7 ey
- d¢ = 200

(cghgpr)?/(bbhsar ) ~ 7%
(WW hsar)/(bbhsa ) - - - +25%
(yvhan )?/(bbhsy)? +52% | +£33% | +£20% | +26%
(ZEhSM)z . ﬂ:ﬁ%
BF(hspr — bb) +5%
BF(hgy = cT) ~ 5%
BF(hsy — WW*) -
(WPV;ISM)E iS%
(ZZ.FLSM)B/(WWJ’ISJ\,{)E iﬁ% - :I:T%
BF(hsp — 77) £15% | +14% | £14% | *14%
(yvhsar)? ' ~ 7%
i, (indirect) +17% | +17% | £17% | £16%
(bEhsi-Lf_)z £20% | £10% | £19% | £19%
meo, (GeV) | 130 | 140 | 150 | 170
(CE.’ISM)Z/({!E.’ISM)Q +7% ?
(WWhsar)?/(bbhsae)® | £16% | =8% | 7% | *16%
(vrhsn )*/(bbhsar ) +27% | +£30% | £41% -
(ZZhsp)? +5%
BF(hsy — bb) £6% | +9% | ~20%?7
BF(hsp — ¢B) ~ 0% 7
BF(hsy — WW*) +16% | +8% | x6% | =5%
(WW hsa)? +5% | £% | x3% | =10%
(ZZhsy VP J(WWhsp)® | £7% +T% | £9% | =11%
BF(hsy — ) +14% | £20%7 | £41% -
{yyhsa)* ) +15% £17% | £31% -
[y (indirect) +13% | +£9% | £10% | +11%
(bbhsar)? +14% | £11% | £13% | +23%
[ i, (GeV) 1 180 | 190 | 200 | 300
(ZZhsa)? +5% +6% | £9%
(WWhgp)? =11% | +12% | 213% | =24%
(ZZhep Y [(WWhsar)® | £12% | +£13% | £14% | +£25%
(vvhsar)? L13% | £12% | =12% | +22%
e (indirect) +13% | +£14% | £15% | +£28%
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