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Intermediate Mass Higgs Detection with SDC * t 

Ian Hinchliffe 

Physics Division 

Lawrence Berkeley Laboratory 

1 Cyclotmn Road 

Berkeley, Califomia 94720 

Abstract 

I review the work done by the SDC collaboration in simulation of 

Higgs detection at the SSC. I concentrate on tbe decays of the Higgs 

to two photons and to 4 charged leptons. In the former case, I discuss 

the signal to background ratio for events with and without an additional 

charged lepton. 

•To appear in Proc. of the Santa Cruz Workshop on Electroweak Symmetry Breaking at 

Colliding Beams Facilities held at U .C. Santa Cruz, Dec. 11-12, 1992. 
fThis work was supported by the Director, Office of Energy Research, Office of High Energy · 

and Nuclear Physics, Division of High Energy Physics of the U.S. Department of Energy under 

Contract DE-AC03-76SF00098. 
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Santa Cruz, Dec 1992 

Intermediate Mass Higgs 
at sse with soc 

Ian Hinchliffe 

Mass range 

80 GeV < MH~ 160 GeV 

Two processes studied in detail 

- H --+ ZZ* ---+ 4.e i.e. 4e or 41-£ or 2e2J-t 

- H--+ 'Y'Y (with and without and additional lepton) 

Reminder of Rates and Branching ratios (fig) 

References: SDC-.90-00151 (letter of Intent of SOC collabora­

tion), SDC-9Q-00099 (IH, R.M Barnett and K. Einsweiler), SOC-· 

90-000113, (M. Mangano), SDC-92-201 (Technical Design Re­

port), I H and K.J. Einsweiter (in preparation), 
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Higgs mass (GeV) 
FIG. 3-3. The cross section for the production 
of a Higgs boson in pp collisions at .fi = 40 Te V 
as . a function of the Higgs boson mass for sev­
eral different production mechanisms: gg fusion 
(solid), WW/ZZ fusion (dotted), ti + H pro-- · 
duction {dot-dashed), W +H production (upper 
dashed), and Z + H production {lower dashed). 
When the cross section depends on the t-quark 
mass, several curves have been included- for dif;.. 
ferent values of Mtop· 
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Branching ratios for Standard Model Higgs 

10-4 L-. .......-L....-.L.---'--...L..-..1-.L.--I-...L.-L--L..--I-~'---L.---'--.J.....--1.-..L..-I 
40 80 120 160 200 240 

Higgs mass (GeV), 

-3-



Relevant SOC resolutions 

- tracking/Muons 

- EM calorimeter 

o-(E) = ·14 EB 0.01' for 1111 < 1.4 
E .JEt 

u<:) = -~ E9 O.Ql for 1.4 < 1111 < 2.5 
vE . 

Note E9 implies addition in quadrature 

{fig) 

Simulations use detail GEANT studies where appropri­

ate, e.g. secondaries making hits in the tracker 
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Isolation on leptons 

Need a topological cut to get rid of backgrounds from 

leptons that arise from decays of bottom and charm. 

Select a candidate lepton from a sample of ZZ* and tt 

events . 

. Distribution of Et in a cone AR = 0.3 around lepton. 

(fig) 

Require that excess Et < 5 GeV. (table) 

94% efficient for leptons from signal and t--+ bev 

Less than 0.05% efficient for leptons of 'fit > 20 GeV 

from b decay. 

\ 
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Distribution o~ excess Et in a cone ofR = 0.3 around the 
leptons for the H ~ Z Z* signal and the tt background. 
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·Table 3-6 
A summary of the observed efficiencies for detecting electrons with different parents arising from two different 
processes as a. function of the electron Pt a.nd the ra.diu1 of the 1urrounding cone. Electrons are accepted i£ 
there is less than 5 GeV of excess transverse energy in thlt cone. -The "Z parent" column refers to electrons 
arising from H - zz• with MHiu• = 140 GeV. The other columni are for tl events with Mtop = 150 GeV. 
Some entries are 68% confidence limits based on' no obse"ed events. 

Pt range Radius Z parent W puent b parent c, d, u parent 

0.2 0.98:1:0.005 0.96:1:0.01 0.27 :1:0.01 0.034:1:0.004 
10 < Pt < 20 0.3 0.95::1::0.007 0.88::1::0.01 0.11 ::1::0.008 0.010 ::1:: 0.002 

0.4 0.90:1:0.01 0.79::1::0.01 0.046 :1: 0.005 0.005 ::1:: 0.002 
I 

"' I 0.2 . 0.98:1:0.003 0.94::1::0.01 0.13 :1:0.01 0.015 :1: 0.004· 
20 < Pt < 30 0.3 0.96:1:0.01 0.88 ± 0.01 0.045 ± 0.007 0.004 :1: 0.002 

0.4 0.89:1:0.01 0.79:1:0.01 0.015 :1: 0.004 0.001 :1: 0.001 

0.2 0.98:1:0.003 0.94:1:0.01 0.04 7 :1: 0.008 0.013 :1: 0.004 
30 < Pt <50 0.3 0.93:1:0.005 0.89 ::1::0.01 9.012 :1: 0.004 0.006 :1: 0.003 

0.4 0.87:1:0.01 '0.79 :1:0.01 0.005 :1: 0.003 0.002 :1: 0.002 

0.2 0.96:1:0.004 0.95:1:0.005 0.006 :1: 0.003 0.001 :1: 0.001 
" 50< Pt < 150 0.3 0.89:1:0.01 . 0.87:1:0.01 0.002 :1: 0.002 < 0.001 

0.4 0.81:1:0.01 0.77 :1: 0.01 < 0.002 < 0.001 



Acceptance of Leptons 

Detect 4 leptons 

Issues are l~l?tons with smallest Pt and largest fJ 

Figure shows faction of events with 2 ( 4) leptons hav-

ing Pt >PO· 

2 {4) lepton figur~ is relevant for trigger (analysis) Curves 

for Higgs mass M=120 (solid), 140 (dotted) 

and 160 (dashed), and fJ coverage to 1.5, 2.0, 2.5, and · · 

3.0 (biggest rapidity coverage has largest acceptance) 

SOC requires 2 leptons above Pt = 20 GeV (for trigger) 

and ~,11 4 leptons above Pt = 10 GeV and lfll < 2.5 for 

analysis. 
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{b} At least two leptons 
with Pt > Po and two 
with Pt > 20 GeV/c 

20 30 
Po {GeV/c) 

40 

FIG. 3-15. Families of acceptance curves for 
H -+ zz·, for MHiggs = 120 GeV (solid), 140 
GeV (dotted), and 160 GeV (dashed). (a) The 
fraction of events with at least two leptons with 
Pt >Po as a function of Po· Both leptons have 
1171 < 1.5 (lower curve), 2.0 (lower middle curve), 
2.5 (upper middle curve), or 3.0 (upper curve). 
{b) The fraction of events containing two leptons 
with Pt > 20 Ge V/ c and 1171 < 2.5 plus two oth­
ers with Pt >Po and 1171 < 1.5 (lower curve), 2.0 
(lower middle curve), 2.5 (upper middle curve), 
or 3.0 (upper curve). 

-11~ 

50 



Backgrounds to 4£ modes 

• Background from ZZ (or ZZ*) --:- independent of 

. detector. 

• Background from real leptons from quark decays 

z + it, z + bb and tf). 

' I 

• Background from fake leptons - detector depen-

, dent. 

Require that one pair of leptons reconstructs. to Mz ± 5 

GeV. 

Background from Z + bb, ft etc. must be controlled by 

requiring isolated leptons. Probably OK at even 1034 

luminosity. 
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Mass resolution 

For mass of 140 GeV, 4JL -resolution is 0.8 GeV. 

Calorimeter resolution is 1.9 GeV· in 4e channel. 

Tracking resolution of 4e is worse than 4JL due to ma­

terial in. tracker. 

GEANT simulation -

(figure on Next page) 

Use calorimeter alone .to measure electron energies in 

this analysis 

Resulting signal and background. 
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Physics and detector requirements 

(a) Four electrons 

20 

10 

150 

125 
(b} Four muons 

100 

75 

50 

25 

0 
120 130 140 150 

Four-lepton invariant mass (GeV) 
FIG. 3-17. The invariant mass reconstructed by 
the SDC tracking system for zz• decaying to· 
four leptons for a Higgs mass of 140 GeV. The 
plots contain events which have been passed 
through a detailed simulation of the tracking 
system, and contain the effects of material in 
the tracking volume, which severely degrades 
the performance for electrons due to the induced 
bremsstrahlung. (a) the mass distribution for 
the 4e final state. (b) the mass distribution for 
the 4J.L final state. 
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15 

10 

5 

120 140 150 160 170 
Four-lepton invariant mass (GeV) 

FIG. 3-18. The reconstructed Higgs mass for 
z z· decaying to 4e, 4Ji., and 2e2J.1. with MHiggs = 
120, 130, 140, 150, 160, and 170 GeV, includ­
ing the expected backgrounds. The backgrounds 
curves are cumulative, and are (from lowest to 
highest): qq -+ zz·' multiplied by 1.65 to ac­
count for gg -+ z z·' z + bb, z + tt, and tt. 
The invariant mass has been ~alculated using 
calorimeter measurements for the electrons: 

/ 
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Comments 

• Becomes less useful at MH falls because· 

- Branching. ratio is smaller 

- < Pt > of leptons falls - loss of efficiency 

• Signal/Background ratio improves dramatically at 

mH :;>. 2Mz since there are then two Z mass con­

straints. 
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Photon Pair Final state 

o Background from qq (or gg) -+ 11 

-Need good resolution AE/E~1% 

- Need vertex to 5 mm 

o Background from jet- jet, jet -1 

- rv 104 rejection per jet needed 

-Difficult to simulate; may be OK (LEP /CDF data) 

Plo~ shows signals at 80, 100,120,140,160 GeV. (plot) 

Angular resolution assumed to be 1 mr. 

Fit to. smooth background and subtract 

Peak Is 5a at 140 GeV · 

Additional lepton reduces background. 

8 
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Two Photon lnvaricmt. Yass (GeV} 

. Subtract expected two photon background . to study 
significance of residual signal: 71h1 1 ~ 

a 
~ 100 
0 en en 
;;:. 0 

G) 
(!J 

~-100 
d 
G) 

~--200 

~~~TT~~~~~~~~~~mnrrnr~ 

-soo~~~~~~~~~~~~~~ 

60 80 100 120 140 160 
Two Photon Invariant Mass (GeV) 

Signal for M = 140 Ge V has significance of 50", ignoring 
systematic errors arising from· background subtraction. 
There are several hundred events iii. the·peak. . 
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· J H(-> "Y"Y) + W(-d~v)) l --
From q=+WH and gg-+ ttH (fig) 

' 

Background less severe. 

Lepton provides vertex so that angular resolution is 

str~ ig htforward 
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- Backgrounds to ''tr£ 

Photons can be produced directly or radiated in decay 

of W,Z or t. 
W + [, W--+ ev1 

w·+r+r. 

Z + [, Z--+ ev1 

t+t+r+'Y, t--+e+X 

t + t + [, tt--+ e + 'Y +X 

t + t, tt --+ e + 'Y + 'Y + X 

b+b+r+'Y, b--+-e+X 

Cuts needed to reduce the backgrounds. 

M~,7 > 40Ge V reduces ~ --+- iv1 

Leptons and photons isolated 
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Tracking inefficiency 

e looks like 'Y· Main problem is Z -+ ee looking like e"(. 

Estimate 0.1% probability. Small rate and peak is at 

Mz. 

External Bremsstrahlung 

CDF says that external and internal bremsstrahlung for 

z and W decays are roughly equal. Scale to the 13% 

radiation length of SOC, external is 5 times internal. 

Lepton remaining after bremsstrahlung must go unde­

tected, i.e. have Pt < 1 GeV or 1171 > 2.5. Hence external 

brem. is 1.3 times internal brem. for Z decay (1.1 for 

W) 
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Jetjgamma fakes 

Must consider all of the above backgrounds where a 'Y 

is replaced by a jet and the jet then fakes a 'Y· 

W ~jets will produce a peak around 80 GeV. Detector 

simulation+PYTHIA implies sigma of 6 GeV 

Assume a jet/gamma rej-ection factor of lo-3 these 

background are negligible compared to real photons 
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Signal 

Require photons and lepton to satisfy ·Pt > 20 GeV and 

· I'TJI < 2.5 

Leptons and photons isolated (<10 GeV in L:l.R = 0.3), 

93% (73%) efficient for W + H'" (tl +H) events 

Mp_'Y > 40 GeV for both photons, 15% (25%) loss for 

W + H tt + H events. 

Signal/Background shown on figure 

Note plot is for Mtap = 150Ge V. · 

Mtap between 100 and 200 gives same rate to ±15% 

Background is 3 times bigger (smaller) for Mtap = 100 

(200) GeV 
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