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A search for light Higgs bosons has been performed in an electron beam-dump experiment. No positive signal is observed which 
allows us to reject at 90% CL the existence of  a standard Higgs in the range from 1.2 to 52 MeV. Non-standard Higgs bosons are 
also excluded in a large range of  couplings. This search relies on the well controlled and calculable process ofbremsstrahlung from 
electrons in the Coulomb field of large Z nuclei. Both production and decay are governed by the single coupling constant of Higgs 
to electrons. 

1. Introduction 

Among all the untested features of the electroweak 
standard model, it is annoying that the Higgs mech- 
anism for the generation of mass is still not directly 
confirmed. Although indirect evidence for the exis- 
tence of weak-isospin doublets of scalar fields has been 
obtained through the measurements of  W and Z 
masses [ 1 ], the direct finding of the corresponding 
spin-0 particles would be the most welcome and de- 
finitive proof of  this important phenomenon. On 
theoretical grounds the mass of the Higgs boson is lit- 
tle constrained. The only fact that it cannot be very 
heavy - less than a few TeV [ 2 ] - leaves open a wide 
field of  experimental investigation which, but for a 
very small part, has not yet been attacked for lack of 
suitable processes. This state of affairs is expected to 
change shortly with the exploitation of LEP and SLC 
machines [ 3 ]. 

For light masses well below the electroweak energy 
scale, many experiments have been carried out and 
analysed. No evidence has been found and different 
mass ranges claimed to be excluded. On one hand, 
nuclear physics experiments eliminate very light 
Higgs bosons, with masses mH below typically 10 
MeV, in particular from neutron-nucleus scattering 
data [4 ], the measurements of X-ray transitions in 
muonic atoms [ 5] and 0+-0 + transitions in 4He [ 6 ]. 

On the other hand, particle decays have been thor- 
oughly explored for Higgs signals. After a long his- 

tory of  re-evaluations of the theoretical predictions, 
improved data on "F [ 7 ] and B [ 8 ] decays now seem 
to rule out the presence of standard Higgs bosons in 
the range between 200 MeV and 5 GeV. Kaon decays 
can also be used to search in the lower mass region 
and recent null results have been obtained [ 9 ] in this 
way. Although these claims are probably correct, they 
are not completely safe if  one takes into account the 
uncertainties in the theoretical predictions, essen- 
tially at the level ofhadronic matrix elements. A pos- 
sible exception was noted in considering the decay 
n ÷ ~ e + e - e ÷ v ¢  [10] and in fact recent results have 
been published rejecting the existence of Higgs bo- 
sons between 10 and 110 MeV in this process [ 11 ]. 
However, even in this simpler case ofa  semi-leptonic 
decay, the tree level calculation has to be corrected 
for the gluonic content of the pion coupled to the 
Higgs via heavy quark loops, as calculated in chiral 
perturbation theory [ 12 ]. The result is to decrease 
the theoretical estimate by a factor of 2, still above 
the experimental limit: but this raises the question of 
the reliability of  such large corrections in hadron 
decays. 

In this letter, a new method to search for light Higgs 
boson is introduced. It relies on only one assump- 
tion, i.e. the existence of the He~ coupling which is a 
necessary feature of any reasonable model with sca- 
lar fields. The process involved - electron brems- 
strahlung of Higgs bosons - is completely and safely 
calculable, given a value for the Higgs mass. The data 
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from a modest experiment are then used to perform 
an unambiguous search for a Higgs boson in the mass 
range from 1 to 50 MeV. In this domain, the H-,TT 
decay branching fraction can be estimated to be at 
most 2% [ 13 ] and therefore only the H ~ e + e  - chan- 
nel has been considered. Both production and decay 
are then controlled by a unique coupling constant, to- 
tally specified in the minimal standard model and its 
simple extensions. 

2. Electron bremsstrahlung of Higgs bosons 

The process considered here is shown in fig. 1 and 
can be reliably calculated for any spin-parity of the 
radiated particle. For large masses, i.e. for rnH >> 2m, 
where m is the electron mass, the cross sections for 
0 ÷ and 0 -  states become identical. They only differ 
slightly for masses mH in the few MeV range. Conse- 
quently, expressions derived for axion bremsstrah- 
lung are totally relevant to our purpose. 

The Higgs angular distribution is peaked at very 
small angles to the incident electron direction, with a 
long tail at larger values. In our range of interest the 
median of the angular distribution is approximately 
given by ~ ¼mH/Eo, where Eo is the electron beam 
energy, i.e. a few milliradians in our experimental 
conditions. 

When considering a large mass range, it is impor- 
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Fig. 1. The Feynman diagrams for the production of Higgs bo- 
sons by bremsstrahlung of  electrons in the Coulomb field of  a 
large Z nucleus. The Higgs boson decays into an e+e - pair. Both 
processes are controlled by the same He~ coupling constant. 

rant to treat the atomic screening problem consis- 
tently. For small masses, atomic screening is com- 
plete since the typical momentum transfers are of  the 
order of the inverse of the atomic radius. However, 
at larger masses, screening becomes unimportant. 
After integration over the scattered electron and Higgs 
directions, the cross section is expressed as a function 
of the normalised Higgs energy, Z=EH/Eo. For ori- 
entation, we give below the two limiting cases for a 
large Z target: 

da  2a2aH Z2 z( 1 + ~f) F 
dz m 2 ( 1 +j)2 

with 

m 2 ( 1 - z )  
f m  m 2 2 2  , o/H _ - -  

F=In(184Z -1/3) 

= l n 2 E o ( l - z )  l 
mzl4Wf - :  

g~ee rn 2GF x//~ 
4x 4n 

complete screening [ 14 ], 

no screening [ 15 ]. 

The fact that da/dz peaks at z =  1, contrary to ordi- 
nary (massless) photon bremsstrahlung, is a distinc- 
tive feature of the process which will be important in 
the experimental search. 

The resulting cross section falls off slightly faster 
than mff 2 and rate will eventually limit the search. 
However, another limitation will be imposed by the 
Higgs lifetime which also decreases as m ~ 1, 

4 m 2 ~ 3 / 2  
z~ l=~aHm. 1 -  ~ /  . 

For Eo= 1.6 GeV, a 5 MeV Higgs will travel ~ 80 m 
on average before decaying, this value being only ~ 
75 cm for a 50 MeV boson. Any experimental set-up 
detecting possible decays in a given fiducial volume 
will therefore be sensitive for a certain mass range 
limited at low mass by the small decay rate despite 
the large cross section and a large mass by both the 
fast decay rate and the small production yield. 

3. Description of experiment 

The experiment used a beam-dump as shown in fig. 
2. Incident electrons with an energy of 1.6 GeV were 
produced by the Orsay linac with 1.5 ~s long pulses 
at 50 Hz. The intensity of the incident beam was 
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Fig. 2. The experimental lay-out with the beam-dump, the decay 
channel and the detection system comprising two scintillation 
counters (Sb $2 ) and a lead-glass (~erenkov calorimeter (C). 

monitored with a toroidal pick-up transformer and 
the beam spot position was continuously checked. The 
average intensity was limited to 2)< 1012 electrons/s 
to avoid pile-up in the detectors. The beam dump was 
made of lead with a large 65 cm long core of tungsten 
in order to limit the penetration of electromagnetic 
showers and to range out any charged particles pro- 
duced. The decay of penetrating particles, such as 
Higgs bosons, produced early in the dump (typically 
in the first radiation length) could be observed 
downstream in a 2 m long channel inside a thick heavy 
concrete wall which separated the beam switchyard 
from the experimental hall. 

Detection of the decay products was accomplished 
by a coincidence between two scintillators S~ and $2, 
and a 14Xo lead-glass ~erenkov counter C placed be- 
hind to record the total electromagnetic energy. In 
order to reduce the neutron-induced background, a 
15 cm thick paraffin shield was put upstream of the 
detectors, followed by 1.2Xo of lead mostly between 
S~ and $2. During the data-taking, most activity in 
the counters was generated by neutrons and soft elec- 
tromagnetic products causing pile-up in the ~eren- 
kov counter. With a trigger threshold of 250 MeV in 
the deposited energy, the typical counting rate was 
about one per minute for the coincidence. 

A 1.2 GeV electron beam steered through the de- 
tection apparatus (with the dump removed) was used 

to calibrate the energy scale and measure the calo- 
rimeter response function. Although not a critical is- 
sue for this experiment, the energy resolution was 
measured to be (rE= 10.7% x/~, where E is the de- 
tected energy in GeV. 

Most of the data were taken with a 1 m long dump, 
while some of the earlier running was done with a 
longer dump ( 1.2 m).  However, in this latter run the 
electronics was less protected against pile-up and we 
had to set higher thresholds to eliminate back- 
grounds. A total of  2)< 1016 electrons was dumped 
during the data-taking part of  the experiment which 
lasted only a few hours. 

4. Results 

Since they are expected to be produced near z =  1 
in electron bremsstrahlung, the signal for a Higgs bo- 
son in our experiment is a large amount of  electro- 
magnetic energy in the lead-glass calorimeter. The 
spectra taken in the two beam-dump configurations 
have been examined to this end: no count is observed 
above 0.75 GeV for data taken with the 1 m dump 
(see fig. 3) and above I.I GeV for the 1.2 m dump 
data set which is less sensitive anyway for larger mass 
Higgs with their correspondingly smaller lifetimes. We 
therefore see no signal and it only remains for us to 
establish the sensitivity of  the experiment before we 
can quote any mass limits. 

The cross section for Higgs bremsstrahlung has been 
folded with the electron shower distribution in the 
dump and the efficiency for detecting a Higgs boson 
of a given mass was determined in our set-up. The 
trigger requirements could be satisfied by one or both 
of the decay particles (e + e -  ). For masses considered 
in this experiment, the geometrical acceptance for the 
decay products was always very close to one; how- 
ever, a large reduction occurred for small and large 
lifetime values due to the finite lengths of the dump 
and of the decay region. Together with the energy cut 
defined above in order to remove the background, the 
overall efficiency to detect a Higgs boson produced 
in our dump had a maximum value of 37% for a mass 
near 30 MeV and decreased on either side because of  
decays. At low mass, the limitation arises from the 
fixed length of the decay region and at high mass, most 
produced Higgs would decay in the dump and escape 

152 



Volume 229, number  1,2 PHYSICS LETTERS B 5 October 1989 

10 3 

c~ 

10 2 

10 

data 

u' 

0 . 1 ~  
0 1 

eN --* e H N  

[...~ e+e- 

', 20-MeV Higgs 
, 

2 3 

E ( G e V )  

Fig. 3. The experimental energy spectrum in the lead-glass calo- 
rimeter obtained in the data-taking with the 1 m long dump con- 
figuration above a threshold of  250 MeV. The observed back- 
ground rate falls off and no event is observed above 750 MeV. 
The dashed line indicates the expected yield from a 20 MeV Higgs 
boson in the same experimental conditions. 

detection. As an example, at 50 MeV, the overall ef- 
ficiency has fallen to 11%. At any rate, the efficiency 
remains rather high and it is well understood by a few 
simple geometrical factors. As an illustration of the 
expected signal, we show in fig. 3 the energy spec- 
trum which would be associated with the production 
of a 20 MeV Higgs boson: if that were the case, about 
80 events would have been observed in this experi- 
ment above our energy cuts where we in fact observe 
none. 

The null signal from our search can be translated 
into an excluded mass region: a standard Higgs bo- 
son is ruled out by our experiment from 1.2 MeV to 
52 MeV at 90% confidence level. More generally any 
scalar panicles coupled to the electron can be ex- 
cluded in a domain of their mass-lifetime space. The 
result is shown in fig. 4, demonstrating that the ex- 
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Fig. 4. The 90% CL excluded domain for the production of  scalar 
(or pseudoscalar) particles of  mass rnH and lifetime rH. Also 
shown with a dashed boundary is the region excluded by our pre- 
vious experiment [ 15 ] with a short beam-dump.  The expected 
lifetime for a standard Higgs boson of  mass mH is given (SM). 

periment was maximally efficient for detecting the 
standard Higgs boson. The same limits apply to pseu- 
doscalar panicles. Fig. 4 also recalls our earlier re- 
suits from an experiment [ 16 ] designed to look for 
axions and using a short beam-dump with electrons. 
Although this latter experiment had a much smaller 
acceptance its sensitivity to smaller lifetimes permit 
us to extend the excluded region. 

The minimal supersymmetric extension of the 
standard model [ 17 ] requires two doublets of Higgs 
fields with vacuum expectation values vt and v2. After 
electroweak symmetry breaking, there remains two 
charged scalars H-+, two neutral scalars H ° and H2 °, 
and one neutral pseudoscalar h °. Two parameters are 
needed to describe this system; or, a mixing angle from 
the diagonalisation of the H°.2 mass matrix and 

tan r =  /32 

/2 t 
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independent ly  of each other as expected. In this model, the H ± and H ° bosons are heavier than 
the W, Z bosons and H ° and h ° can be light. In the 

case where they are very light, one has a ~ - f l  and 
H2 ° behaves as a standard Higgs with a coupling to 

electrons modified as 

gH2Oee = x m ~ .  
The same coupling in fact describes the hee interac- 
tion (times a 75 matr ix) .  

We have analysed our results in this scenario. For 
x <  1, Higgs bosons would be less produced but  de- 
tected more efficiently as they would decay slowly. 
For larger x values which are generally by the seem- 
ingly large mass of the top quark, they are copiously 
produced but they tend to decay too fast. The exper- 
iment  finally excludes a domain  of masses for x val- 
ues between 0.4 and 100 (fig. 5) with max imum sen- 
sitivity near x =  1 as pointed out before. Again this 
diagram applies to both H ° and h ° when produced 

5. Conclusions 

10 3 

A very simple beam-dump experiment was de- 
signed to look for light Higgs bosons. The sensitivity 
of the method together with the fact that bremsstrah- 
lung from electrons is a well controlled and calculable 
process only dependent  on the existence of the cou- 
pling of Higgs to electrons, enabled us to exclude in a 
definitive way the mass range from 1.2 to 52 MeV for 
a standard Higgs. 

We have also considered the supersymmetry-in- 
spired min imal  extension of the standard model and 
we have excluded a significant domain  of masses and 
couplings for light scalar and pseudoscalar Higgs bo- 
sons. To our knowledge, these are the first results to 
constrain such models, for admittedly low, yet possi- 
ble masses. 
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Fig. 5. The 90% CL excluded mass domain for scalar and pseu- 
doscalar Higgs bosons in the supersymmetric minimal extension 
of the standard model. In this case, x is equal to the ratio of the 
vacuum expectation values of the two Higgs fields. 
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