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Search for narrow diphoton resonances and foryy+W/Z signatures
in pp collisions atJs=1.8 TeV
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SEARCH FOR NARROW DIPHOTON RESONANCES AND . .. PHYSICAL REVIEW @& 092002

We present results of searches for diphoton resonances produced both inclusively and also in association
with a vector bosonW or Z) using 100 pb? of pp collisions using the CDF detector. We set upper limits on
the product of cross section times branching ratio for hgph- yy+ X andpp— yy+W/Z. Comparing the
inclusive production to the expectations from heavy sgoldstinos we derive limits on the supersymmetry-
breaking scaleJF in the TeV range, depending on the sgoldstino mass and the choice of other parameters.
Also, using a NLO prediction for the associated production of a Higgs boson whifoaZ boson, we set an
upper limit on the branching ratio fdd — yy. Finally, we set a lower limit on the mass of a “bosophilic”
Higgs boson(e.g., one which couples only tg, W, and Z bosons with standard model couplingsf
82 GeVk? at 95% confidence level.

DOI: 10.1103/PhysRevD.64.092002 PACS nuniderl3.85.Rm, 13.85.Qk, 14.80.Ly

[. INTRODUCTION top quarks. The corresponding branching ratios have been
calculated[11] for two specific choices of parameters, the
Many processes in extensions of the standard m@id) branching ratio into two photons being of the order of a few
result in final-state signatures involving two vector gaugepercent. Limits on the supersymmetry-breaking scdle
bosonsVV+ X, whereV is either aW, Z, or photon. The have been set by the DELPHI Collaboratidt®?] for sgold-
signature of high mass photon pairs is attractive for searchestino masses up to about 200 Ge¥%/We take advantage
for new physics as the photon is the lightest gauge bosorhere of the higher energy reached at the Fermilab Tevatron to
and hence might be more easily produced in decays of newxtend the search to much larger masses.
particles. In addition, the photon, being stable, does not de- There are also models in which a Higgs boson could de-
cay into many different final states as do WWeandZ. The  cay into two photons with a branching ratio much larger than
dominant SM background process, the production of verpredicted in the standard model. Figure 1 shows the domi-
massive photon pairsM ,,= 100 GeVkt?), is small com- nant diagrams for production of a standard model Higgs bo-

pared to the cross sections for producing new strongly interson(H) in pp collisions. The total production cross section is
acting states via quark-antiquark annihilation, making this aryominated by the gluon-gluon fusion process, and has a
attractive channel in which to search for new particles ORgjue of approximately 1 pb foM,~100 GeVk? [5,13.
interactions. Examples of possible sources of high masgigure 2 shows the dominant decay diagrams for a SM Higgs
diphoton pairs include sgoldstino productidh, interaction  poson with mass less than 130 GeVE2. The dominant
terms arising from extra spatial dimensic[@, a new inter- decay mode of thél in this mass range i —bb. with the

action at a high scale manifesting itself ag@— yy contact branching ratio toyy being on the order of 10'. At higher
interaction [3], a "bosophilic” Higgs boson[4-7], or @  masses, the decays to vector boson paik&/ andZZ domi-
heavy analogue of the® that also does not couple to fermi- nate However, some models beyond the standard model in-
ons[8]. In this paper we focus on the production of sgolds-roduce anomalous coupling$4] or additional Higgs mul-
tinos and Higgs bosons and their dgcay into two photons. tiplets [5,7], enhancing the coupling to photons or
Models with spontaneous breaking of global supersymsyppressing the coupling to fermions. The result is a low-
metry require a massless and neutral spiparticle, the  mass Higgs boson with significantly increased branching ra-
Goldstino G). When gravitation is added and supersymme-tio to two photons. In the bosophilic models, the coupling to
try is realized locally the gauge particle, the graviton, has a
spin< partner, the gravitino, which acquires a mass while
the Goldstino is absorbg@®]. Goldstinos R odd) have su- g J v
persymmetric partners called sgoldstinésgver) which are Q@ g W(//
expected to be a part of the effective theory at the weak scale (@) - () il
if gravitinos are very light £10 % eV/c?). The simplest N
model considers two neutral spin-0 stat8g.CP even and 9 ¢ HN
P (CP odd), for which we use the generic symbgl The
mass for these states is completely arbitrary and although
initially signals were studied in the limit of vanishing masses @
[10], we follow the suggestions of Refl] and concentrate ki
on massive sgoldstinod) ,= O(100 GeVk?). The produc-
tion of sgoldstinos is dominated by the gluon-gluon fusion
procesq 1] while their decay is dominated by two-body de-
cays into a pair of gluons, Goldstinos, photowss, Z's and o

[’} Vv Vv

FIG. 1. Diagrams for production of a Higgs bosongp colli-

*Now at Northwestern University, Evanston, lllinois 60208. sions:(a) gluon-gluon fusion{b) associated production with a vec-
Now at Carnegie Mellon University, Pittsburgh, Pennsylvaniator boson;(c) and(d) vector boson fusion. In the bosophilic models
15213. the gluon-gluon fusion diagram is suppressed.
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at W,z immersed in the 1.4 T field of a 3-m-diameter 5-m-long
q q super-conducting solenoid. The magnetic field and three
- = - tracking devices are all arranged with their principal axis
®) ®) micro-strip vertex detectofSVX), used to find secondary
5
w W/ZT o . —. . .
H ( H (VTX) which identifies thepp interaction poinfs) along the
A
() () . o i
wires, ranging in radius from 31.0 cm to 132.5 cm, are ar-
¥y, and(d) via a loop tobb. For a bosophilic Higgs boson, the structed in projective electromagnetic and hadronic towers,
Wire chambers with cathode strip read¢GES are located
file which is used to discriminate on a statistical basis be-
rpiscrimination is provided by exploiting the difference in
associated production cross section is about 0.8 pb. The "mgetween the coil and the central calorimeter. The central
Higgs boson have been set by the OPAL Collaboration as-
set by the ALEPH Collaboration. The DO COllabOI‘ation a.tmagnetic calorimeter with no associated h@_h-charged
expectations for both inclusive high-magsg production and 3 packground fromz°— yy decays where both photons are
photon selection criteria for this analysis were optimized torequires two central electromagnetic calorimeter trigger tow-
tion criteria have been optimized for high efficiency, taking satisfying E-(HAD)/E-(EM)<0.125. In the third trigger
resonant diphoton signatures, suchesyyEr, that might cjyster.
Il. THE CDF DETECTOR . . .
track with Pt<<1 GeV/c), pulse height and cluster shape in

w7 parallel to the proton beam direction &xis) [21]. The track-
vertices, with layers at radii from 2.8 cm to 7.9 d@2].
beam axis with a series of-z measurements out to a radius
of 22 cm. The central tracking chamb@TC) is a 3.5-m-
FIG. 2. Diagrams for the decay of a Higgs boson(®:a quark  ranged in 5 superlayers of axial wires alternating with 4 su-
decay tobb is suppressed relative tgy. consists of the central barrdlf <1.1) which surrounds the
solenoid, the end-plugs (X1 #|<2.4) which form the
coupling to vector bosons. Although the decay to two pho- h : th ol . lori
tons proceeds through a higher-order loop diagram, it is th&t Shower maximum in the central electromagnetic calorim-
WW* becomes dominant. Since the bosophilic Higgs bo- o o
- b 99 tween photons andr® backgrounds. Additional statistical
L= . . . conversion probability for single photons and pairs frath
mode inpp collisions atys=1.8 TeV is associated produc- decays in the 1 radiation length of the coil. The presence of
set In this paper uses the branching ratios of IR .. muon chambers|{|<1.1) are located outside the central
Limits on the mass and branching ratios of a bosophilic
suming SM production oZH with a lower limit onMy of
96.2 GeVLt? at 95% confidence levéC.L.) [15]. More re- lil. DIPHOTON EVENT SELECTION
Fermilab has set a lower limit of 78.5 Gedf/at 95% C.L.  particle track. The energy in the hadronic calorimeter and
[17] in a search at the Tevatron fa¥H andZH production.  adjoining regions of the electromagnetic calorimeter must be
alsoyy production in association with & or Z boson. This  very close together.
search uses 1804 pb ! of data collected between 1992  The candidateyy events must pass the diphoton require-
remain efficient for very high energy photons. The analysis isrs with E;>4 GeV. The second hardware level requires
complementary to the previous QCD diphoton cross sectiofyo central electromagnetic trigger clustdi23] with E
advantage of the smaller jet fake background rate at higlevel, electromagnetic clustef&4] are found using the off-
Er. The analysis is also complementary to the recenfine reconstruction algorithm and the 16 GeV threshold is
arise in gauge-mediated supersymmetric models. Offline event selection requires at least two central elec-
tromagnetic clusters each satisfying the following require-
We briefly describe the Collider Detector at Fermilabthe central electromagnetic strip chaml€ES consistent
(CDF) detector, which is described in detail elsewhgz@). with a photon(to rejectw%’s and cosmic rays no additional

T. AFFOLDERet al. PHYSICAL REVIEW D 64 092002
' ing device closest to the beam line is a four-layer silicon
Surrounding the SVX is a set of time projection chambers
long 84 layer drift chamber surrounding the VTX. The CTC
or lepton pair,(b) vector boson pairsWWZzZ), (c) via a loop to ~ perlayers of stereo wires. The calorimeter, which is con-
fermions at tree level is set to zero while maintaining the SMMagnet poles and the forward calorimeters (2.4|<4.2).
dominant decay foM,<M,y. For My>M,, the decayH eter. These chambers provide a two-dimensional shower pro-
son has no coupling to fermions, the gluon-gluon fusion pro-
. . _ 2
tion with a W or Z boson. ForMy=80 GeVk®, the total a conversion is detected using wire chaml@BR) located
calorimeter to detect particles penetrating the calorimeter.
cently, a limit of 100.7 GeW? at 95% C.L.[16] has been Photons are identified as a narrow shower in the electro-
In this paper we describe a search for departures from SMmal| to reject jet backgrounds. For high-photons there is
and 1995 with the Collider Detector at Fermild®DF). The  ments of the three-level CDF trigger. The first hardware level
measuremeritl8]. In this present analysis, the photon selec-> 16 GeV and a ratio of hadronic to electromagnetic energy
diphotont X search analysi$19] which searched for non-  re-applied to the recalculated transverse energy of the new
ments:E;>22 GeV, no track pointing at the clust@r one
The magnetic spectrometer consists of three tracking device8ES cluster in the same 15° azimuthal section of the calo-
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SEARCH FOR NARROW DIPHOTON RESONANCES AND . .. PHYSICAL REVIEW @4 092002

T ] Z%—e*e” with both electrons faking photons is less than 1
100pb" event.

The jet fake rate is measured directly from the data using
methods developed for measurements of the inclusive photon
[25] and di-photon cross sectiop$8]. For clusters withE
<35 GeV, the lateral shape of the shower in the CES sys-
tem is used to discriminate between prompt photons and
photons fromz°— yy. Above 35 GeV, where the shapes of
showers in the CES from photons anfls are indistinguish-
able, the difference in conversion probability of a single pho-
ton and a pair of photondrom 7° decay in the material of
1 the magnet coil in front of the CPR chambers is used to

H ] calculate the single-photon purity. These probabilities are
o ] used to calculate weights for each event being “photon-

2
Gev/c
—_
=

Events/0.04”‘MW

—_—

| R i 1 ] PRI BRI S
50 100 150 200 25 5 300 350 400 photon,” “photon-fake” or “fake-fake.” The result of apply-
M,, (GeV/c") ing this method to the sample of 287 event diphoton candi-
dates is that 188356+32 events are “photon-fake” or
FIG. 3. The invariant mass distribution of diphoton candidates«ake-fake.” This corresponds to a background fraction of
(287 eventswith a bin width of 4% of the mass. Note that the three g4 19+ 1195, where the first uncertainty is statistical and
highest-mass bins contain one event each. the second is systematic. The systematic uncertainty comes
primarily from uncertainties in the modeling of the back-
scattering of photons from the electro-magnetic shower in
the calorimeter into the CPR chambers, and the modeling of
the shower shapes in the CES chambers.
The mass spectrum of the jet fakes is determined using a
=0.4 around the cluster, are used to reduce backgroundg, i samplep of events enJriched in fake photons. Tr?is
from jets: X Pr(tracks)}<5.0 GeVk and [Er(AR<0.4)  gample is made using the same selection requirements as the

—Eq(cluster)]<2.0 GeV. The calorimeter isolation energy gipnotons except that one or both clusters fail the calorimeter
is corrected for leakage from the cluster and for pile-up fromygq|4tion requirement. This sample contains some real dipho-

multiple interactions. The efficiency of the calorimeter isola-,s which fail the isolation requirement. From studies of
tion requirement is studied as a function B using a  pigh £ electrons fromwW and Z decays, we estimate that
sample of e_Iectrons frordV—ev evgnts. The efficiency for 1904 of diphoton signal events will end up in the non-
electrons with 3&E;<100 GeV is 94'&0'1;% and for isolated sample. The mass distribution of the 198 event non-
electrons with 10&CE;<200 GeV is 94.80.6%. Two re-  ispjated sample is normalized to the number of fake events
quirements reject backgrounds from cosmic rays: there musfeasured in the diphoton candidate san{f&3 events

be at least one reconstructed primary vertex withie0 cm Two standard model processes make significant contribu-

of the center of the interaction region along the beam direc:. , L —
. . . tions to prompt diphoton productiogqg— vy andgg— vy.
tion, and all energy measured in the central hadronic calo:- " T X . -~
. . ; e . . In addition, initial and final state electromagnetic radiation
rimeters is required to be in time with the collision.

The efficiency to identify a photon passing the above iSO_from v-jet production contributes indirectly to the diphoton

lation criteria within the fiducial region of the central calo- mass spectrgm. In the |.nd|reg case, several processes con-
rimeter is measured using a control sample of electrons frorffibute to y-jet production: qg—gy, qg—qy, and qq
Z° decay to be 84 4%. The combined diphoton and event —97- These standard model processes are modeled using
selection efficiency is 686% (the geometric factor due to the Monte CarlodMC) programpyTHIA [26] with CTEQ4L
the fiducial region is subsumed into the geometric and kineStructure functiong27] and the CDF fast detector simula-
matic acceptances, calculated from the Monte Carlo simulaion- The yy event selection efficiency is determined using
tion of the detector, as described bejow the MC and detector _S|mulat|on, with a correction factor of
Figure 3 shows the invariant mass distribution of the 287¢mc=0.76x0.08 applied to account for differences between
diphoton candidate events that pass the selection criteria. i€ detector simulation and the actual detector performance.
variable bin width has been chosen to correspond to twd hese differences are dominated by effects from additional

times the mass resolution ¢3 to enable the observation of 10W energy tracks from the underlying event and from track
narrow structures. reconstruction. The correction factor is obtained by compar-

ing the efficiency of the photon selection requirements when
applied to electrons fronz’—e*e™ events from Monte
Carlo simulations and data. THE—e'e™ events are se-
The dominant backgrounds for this analysis et and  lected with very loose requirements to minimize any bias in
jet-jet production, where the jets have “faked” photons by the method. A global systematic uncertainty of 13—16 % ap-
fluctuating to a singler® or », and real photon pairs from plies to these estimates, coming from the uncertainty on the
prompt QCD production. The estimated background fromcorrection factor(10%), the modeling of QED radiation

rimeter(to reject®’s), and minimal energy deposited in the
hadronic calorimeter towers behind the cluster.
Isolation requirements, based on track and calorimeter a

tivity in an 7— ¢ cone with radiusAR= /(A ¢)?+ (A 7)?

IV. BACKGROUNDS
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ARREERRRRRE T +15.7 (14.73.2) events. The numbers of events and back-

103 « Data (100 pb™) E grounds are summarized in Table I.
i B8 SM yy MC ]
[ Fake photons ] V. LIMIT ON INCLUSIVE yy PRODUCTION
wlo _+_ 3 We first consider the signature gfy+ X. We set limits on
g ] the cross section for narrow resonances with mass greater
i than 70 GeV¢? [28]. The acceptance for diphoton produc-

tion is evaluated using the diphoton decay of a narrow reso-
{ S— nance,¢— yvy, as a model of the kinematics for the produc-
tion and decay of a heavy sgoldstino. The sgoldstino samples
are generated using tlerTHIA Monte Carlo generator with
10 8 CTEQ4M structure functiong27], simulated using the CDF
50100 150 200 250300 350 400 fast detector simulation, and passed through the same event
M,, (GeV/cT) selection criteria as the data. The product of efficiency times
_ S acceptance increases from 10% at 75 G#Wo 16% at
FIG. 4. The diphoton candidate mass distribution is comparedyng GeVE2. The correction facto€y,c discussed above is
with background predictions with a bin width of 20% of the mass'applied to theyy efficiency. The acceptance has an addi-
The shaded distribution represents the Monte Carlo prediction fofional systematic uncertainty of 4% due to the dependence on
QCD_ dipho_ton proqluction;_ the unshaded distribution represents thﬁ1e structure functions.
predicted yield for jets faking photons. The cross section limit in each mass bin of Table | above
70 GeVk? is given by the following expression:

(10% for diphoton masses below 120 Ge¥/and 5%

above, the dependence on the structure functit®), and NE5% CL( )

the integrated luminosity4%). o(pp— 77)<—W (1)
The total predicted background from fake photons plus e A. J' rdt

QCD diphoton production is 28066 events. Figure 4 shows

a comparison of the diphoton mass spectrum for the 287

isolated diphoton candidatépoints with background pre- where N%% Ct(yy) is the 95% C.L. upper limit on the
dictions. The shaded distribution represents the standandumber of diphoton events in the mass hins the selection
model diphoton prediction from theyTHIA Monte Carlo efficiency,A is the acceptance evaluated in the center of the
program, while the unshaded distribution represents the prdsin, and [ £dt is the integrated luminosity. The upper limit
dicted spectrum from jets faking photons. The bin width inon the number of events in each bin is determined using a
this plot corresponds to about 10 times the mass resolutiorMonte Carlo techniqug29] which convolutes the uncertain-
any narrow-width resonance would be seen in the finer binties (including systematic uncertaintlesn acceptance, effi-
ning of Fig. 3. The data are well-modeled by the backgroundiency and the integrated luminosity with the background
predictions: above 70 (100) Ged we observe 8521) expectations. The total systematic uncertainty of 12% con-
events compared to a background prediction of 77.1sists of 4% from the luminosity measurement, 10% from the

TABLE I. The number of diphoton events observed, background from jets faking photons, “background”
from standard model diphoton production, total background, efficiency times acceptance, and 95% C.L. cross
section limit foryy+ X production for each mass bin. Mass bins have a width of 20% of the bin center. The
first two bins are not used for cross section limits, due to their low acceptance.

Mass Events Fake SM Total eA o
(GeVvic?) photons production (pb)
46.8-57.2 90 65.223.8 24.1-3.9 89.3-24.1 0.04
57.2-70.0 95 733826.7 24.6:3.9 97.9-27.0 0.07
70.0-85.6 40 326125 16.2-2.6 48.8-12.7 0.107 2.25
85.6—104.6 26 582.6 9.4-15 14.4-3.0 0.112 212
104.6-127.8 9 0.473% 5.5+0.9 5913 0.119 0.90
127.8-156.2 7 0.6°5¢ 3.2+0.4 3837 0.126 0.80
156.2-191.0 1 <0.04 1.9-0.3 1.9-0.3 0.134 0.30
191.0-233.4 1 1102 1.1+0.2 0.143 0.29
233.4-285.2 0 0F0.1 0.7£0.1 0.151 0.20
285.2-348.6 1 02£0.1 0.4:0.1 0.158 0.29
348.6-426.0 0 010.1 0.1-0.1 0.163 0.19
Total 270 177.+62.3 87.2-14.4 264.363.9
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10 (rerrrrrrrrrrrrrr T T T T T T T T T T T 18007“‘““\““\“““‘\““\““\““7
100 pb” 1 1600 | Set A 100pb" -
® 95% C.L. upper limit | r 1
-------- Bosophilic Higgs 1400 - ]
= 1200 1
o =
£ 21000
] b _ Rt 2
§ $¢ ] 800
© ‘-‘.“‘ : 600 . //7//%;7 0”‘}9}"?
“\ ] [ 757 9%, 2070 ’%;/,',
Satte - Rl
; 1 200 - ed 4
1 ; P iy
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1056100150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
M, (GeV/c?) M (GeV/c")

FIG. 5. Cross section limit at 95% C.L. for high mass diphoton ~ FIG. 6. The exclusion region at the 95% C.L. f&type
production from a resonant state with negligible natural width. The(CP-even sgoldstinos in theMls-yF space for the parameters of
points represent the average mass of the events in each bin, but th8t A: M3=As=Ap=400; M,=u,=300; M;=200 GeVk?*.
limits are evaluated at the bin center. The theoretical cross sectio s iS mass of théstype sgoldstino. The CDF results are shown as

for a bosophilic Higgs bosofb] is shown as a dashed line. the hatched area; the region excluded by results from DELPHI
is shown as the solid shaded area. The points represent the mass at

) o which the limits are calculated. The bounddrg=M 42 beyond
selection efficiencies, and 4% from the acceptance. Table ich the model may not be valid is also shown.

provides a summary of the limits. Figure 5 shows the cross

section limits in nine mass bins above 70 Ge¥/For com- o The two sets correspond to chargino masses of about
parison, the cross section times branching ratio fir (220,380 for case A and about (270,430) Ge¥/for case
—H%+W/Z— yy+X production is showndashed curve B. (See Table I\.
for bosophilic branching ratig]. The curve corresponding In order for the calculations to be valid, the sgoldstino
to the standard model branching ratio is not shown, being abtal width has to be small compared o, . For both pa-
least one order of magnitude below the bosophilic one.  rameter sets the decay— gg dominates, butp— yy is not
negligible, being of the order of few percent.
The dominant mechanism for sgoldstino production is

Limits on the production of heavy sgoldstinos gluon-gluon fusiong+g— ¢, while other associated pro-
In the scenario in which squarks, sleptons, gluinos,
charginos, neutralinos and Higgs bosons are sufficiently 1800 [ e
heavy not to play any role in sgoldstino decays, the most 1600 g Set B 100 pb™

important decays are the two-body decays:GG, 7,

g9, yZ, ZZ, W"W~ and ff. Three and four-body decays
are also possible but quite suppressed. Sgoldstino couplings 1200 |
can be parametrized in terms of the supersymmetry-breaking r

scale\F, the gaugino masse®|;, M, andM,, and a mass 1000 /

parameteryu,, associated with the charged Higgsino. To ac- 800 | /

count for thett ¢ coupling for heavy sgoldstinos, two arbi- 600 © AT A ///
[ %

1400 |- . ]

VF (GeV)

trary free parameter#\s and Ap, with the dimension of a , : %///;///;//’{/'%//;7/

mass are introduced. We adopt in the following the two sets 400 -8 /(/////

of choices for the parameters adopted in Héfl]: these 200 FlExclufe N

choices represent a situation in which sgoldstino production P ’ r ]
is more important than gluino-chargino-neutralino produc- 0 0750 7700 150 200 250 300 350 400

M (GeV/c)

TABLE Il. The two sets of mass parameters used in the sgold-

stino theoretical cross section calculations. FIG. 7. Exclusion region at the 95% C.L. in thés-\F space

for the parameters of set BMz=M,=M;=pu,=As=Ap

Set My M, M, o As Ap Units =3_50 GeVE2. The CDF results are shown as the hatched area; the
region excluded by results from DELPHL2] is shown as the solid

A 400 300 200 300 400 400 Gedd shaded area. The points represent the mass at which the limits are
B 350 350 350 350 350 350 Gedd calculated. The boundadys=M /2 beyond which the model may

not be valid is also shown.
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TABLE Ill. Summary of theyy+W/Z candidate events. The number g} candidate events passing
each of thew/Z selection requirements are listed. There is one event which passes both the jetf#gt and
selection requirements. The background estimates come primarily from (iadessolated control sample
plus SM y+y production with a small contribution from electroweak sources. Some background events pass

more than one of th&V/Z selections.

Isolated Background
Selection sample estimate
Two isolated photon&}>22 GeV 287 28066
Central electronE+>20 GeV 1 0.2:0.2
Central muonP:>20 GeVk 0 0
Er>20 GeV 3 1.81.3
2 Jets Er>15 GeV, 46<M;;<130 GeVt?) 3 4.6-1.9
Any W/Z signature 6 6421

cesses such ag+q—V+¢ (V=y,W,Z) or q+q—q+q

(1) Central isolated electronEg>20 GeV) or muon

+ ¢ are suppressed by about four orders of magnitude. ThéPt>20 GeVk) for W—1v andZ%—1"1~

calculation of the production cross section has been made at (2) Two jets Er>15 GeV, |5|<2.0) for W—qq' and
lowest order(LO) [1]; however NLO QCD corrections to Z°-qq -
o(pp— ¢) X BR(¢p— yy) are expected to be negligible be-  (3) Ex>20 GeV forW—I|v andZ°—vv

cause they have cancelling effects in the cross section and

branching ratio.

Comparing the limits found on the inclusive production

cross section to the theoretical valueaqugﬂ d)XBR(¢
—y7) bin-by-bin, and considering its Bf dependence, we

derive lower limits ony/F for sgoldstino masses correspond-

ing to the center of the bin. These limits are represented

exclusion regions in thé/ , vs \JF space. Figures 6 and 7

show these limits for th&type sgoldstinos. The limits for
the P-type (CP odd) sgoldstino are very similar, differing by
less than 0.1%. No limit is set in the regidn,>Mg/2,
where the theoretical calculation may not be validl

VI. SELECTING yy+W/Z CANDIDATES

whereE is the symbol for missing transverse enef§9|.
Leptons € and i) are selected using the isolated central
lepton requirements used in the “lepton-plus-jets” analysis
for the discovery of the top quaflBl]. The lepton identifi-
cation efficiencies are measured in data sampleslmisons
decaying to electrons (77¢80.6%) and muons (90.6

as 0.5%). Jets are identified in the calorimeter using a fixed

cone algorithn{32] with a cone size iny-¢ space of radius
AR=0.4. Any jet within a radius of 0.4 imp-¢ space of an
electron or within a radius of 0.6 of a photon is ignored.
Finally the jet-jet invariant mass is required to be consistent
with a W or Z boson: 46<M ;<130 GeVk?. The missing
transverse energy is corrected for any hRh-central
muons. Since mismeasured jet energies can result in false

- — . B
The inclusiveyy analysis is not sensitive to production of ET. €vents with any jetr>10 GeV) within 25° of the

a bosophilic Higgs boson decaying to two photons in th

lower-mass region 60-100 Gedf/ because the back-

gEr direction are rejected. The same exclusion applies for

events withE; near photonsEY>22 GeV), electronsE3

grounds from jets faking photons and QCD diphoton produc=>20 GeV) and muonsRy>20 GeVk).

tion are too high(see Fig. 5. To increase sensitivity in this
mass region we narrow the signature to pe+W/Z. The
additional requirement of &V or Z boson significantly re-

The results of theyy+W/Z event selection are summa-
rized in Table Il listing the number of events satisfying each
W/Z selection requirement. Some properties of the 6 events

duces these backgrounds, allowing access to smaller cropassing the selection requirements are listed in Table IV in-

sections.
To achieve a high acceptance for @llandZ decay chan-

cluding one event which passes both the jet-jet Bpdelec-
tion requirements. The highest mass event hay &variant

nels, the vector bosons are selected using simple signatureass of 137 Ge\W? andE;=21 GeV. The total estimated
which yield significant background reductions without the background forM,,>130 GeVk? is 0.19-0.12 events,
inefficiency of full reconstruction. The backgrounds from jet due to standard modely production.

fakes and QCDyvy production are evaluated using the non-

isolated sample of 198 events apdrHIA Monte Carlo QCD
background sample used in the inclusiyg analysis previ-

Table Il also lists the estimated backgrounds from photon
fakes, QCDyy production, and electroweak sources, which
total 6.4+2.1 events. Fake-photon backgrounds, which are

ously described. Backgrounds from electroweak processesstimated from the non-isolated data sample, contribute 1

are found to be insignificant.

event to theE; category and 3 events to the jet-jet category.

The vector boson selection consists of the logical OR oBackgrounds from QCDyy, which are estimated using a
three general categories based on decay channels as folloveample generated with tirrTHIA Monte Carlo equivalent to
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TABLE IV. Features of the six events passing the+W/Z selection requirements. The event in the
electron channel is theeyyE event[19].

M

Run Event Channéd) (Ge\;/i:z) Properties
45219 277283 Er,jet-jet 59.1 E;=28.8 GeV,M;,=96.1 GeVLt?
60597 119813 Er 136.8 Er=20.8 GeV
61514 9698 Jet-jet 48.9 M;;=75.1 GeVk?
68739 257646 Electron 47.1 E;=36.1 GeV
68847 264160 Jet-jet 59.9 M;;=74.6 GeVt?
70019 155639 Er 51.7 Er=22.0 GeV

1 fb~! of data, contribute 0.8 events to tie category and ciency times acceptance increases from about 4%Vigr
1.6 events to the jetjet categdryThere are small =60 GeVi? to about 9% foM,>100 GeVk?. The mass
electroweak backgrounds, &®.2 events which contribute dependence of the acceptance is dominated by the pEgton
to the electron signature from events withMor Z boson  requirement.
produced in association with multiple photons and/or jets. Figure 10 shows the 95% C.L. upper limit on the cross
These events only contribute in the case where\/l\f(eZ) section times branching ratio quaﬂ yy+W/Z. The over-
\c/jvei}t(;]a%setgls;ril(?s():tirsc?moa:r;gggr?sfrt?:;g(ejd gaﬁeagss%%\?;:?helayed dashed curve is the prediction for a bosophilic Higgs
-9 boson using the branching ratios from RE] and a NLO

yy mass distribution of events passing gl + W/Z selec- fross section calculation from R¢i.3], using the CTEQ4M

tion for the isolated diphoton data and the backgroun X 2
samples. The mass distribution for the electroweak events i%tructure fun_c_Uon%éZ?]. A 95% CL lower limit on the mass
of a bosophilic Higgs boson is set at 82 Ge¥/ Table V

neglected. There is no evidence ofyg resonance in the ) o
provides a summary of the limit.

data.
An upper limit on the branching fraction fdd— yy is
VII. LIMITS ON  yy+W/Z PRODUCTION obtained. by dividing the cross section limit Q{y+ W/Z by
o o ~ the predicted cross section fé¥/Z+H production. The re-
We set an upper limit on the cross section times branchingulting branching ratio upper limit is shown in Fig. 11, and
ratio for the procespp— yy+W/Z as a function ofyy

mass: 4.0 I I i

B N CL(oyy it WIZ) | e Data (100pb™)
a(pp—yy+W/Z)< 2 i B SMyy MC (0.81 underflow)

€A j Ldt 30l O Fake Photons (1 underflow) .
whereN®% SL(yy+W/Z) is the 95% C.L. upper limiton < i 1
the number of events;- A is the product of efficiency times & L i
acceptance, anflCdt is the integrated luminosity. The num- £ ok lo— i
ber of signal events at each mass is taken as the number ¢ -l 1
isolated diphoton events passing the vecWZ) selection E i |

cuts and falling within a=30(M,) mass window around
the candidate mass; being about 2 (3) Ge\? for My
=100 (150) GeVé?. We calculateN®” CL- at each mass, 1.0 —— 1
assuming no background subtraction and including a Gauss
ian systematic uncertainty of 15% which includes diphoton -
selection efficiency10%), luminosity (4%), gluon radiation
modeling(11%), and jet energy scal&%). 0.0 X

The acceptance is determined from Monte Carlo samples 50
of associated Higgs bosenW/Z generated withPyTHIA and

CTEQAL stru-ct-ure functlon&ﬂ. Figure 9 shows the prod- FIG. 8. Photon-photon mass distribution compared with back-
uct of the efficiency times acceptance as a functioMef  ground predictions for events passing the+W/Z selection. The
before and after the vector boson selection cuts. The efficrgss-hatched distribution represents the Monte Carlo prediction for
QCD diphoton production; the shaded one represents the predicted
yield from jets faking photons. The choppy appearance of the back-
There is a small overlap between signatures for the Q@D  ground estimates is the result of low efficiency for #¥Z selec-
background. tion. The small electroweak backgrounds are not shown.

150 200
M,, (GeV,/c™)
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0.15 TABLE V. Diphoton mass, efficiencye) times acceptanceX(),

T T T T T T T T T T T

f ! L l ] and cross section lim{©95% C.L) for associate®V/Z + high mass

i v v \i . .

N vVy ] diphoton production.

0.10 - v vy ° o —

L vV ° ] L M,, do/dM,,
> v gee®®® . (GeVic?) eXA (pb/GeV?)
é 0.05 o® b ¥ yy Selection Only ' ] 60 0.048-0.002 165
E:__v C ® vy + Vector Selection ] 65 0.047-0.002 0.66
s 0,00 f—————————————+—i 70 0.0550.002 0.57
Q I i 75 0.061+0.002 0.52
g_ L . 80 0.064+0.002 0.49
o ) ) [ ® 85 0.066-0.002 0.47
e pe®oc0es o . 90 0.071=0.002 0.44

050~ 7] 95 0.073-0.002 0.43

i | 100 0.074-0.002 0.42

| ® Vector Selection | 120 008]i 0002 039

L - 140 0.092-0.002 0.54

oool— v o L v 1 00 1 160 0.087:0.002 0.36

60 100 140 | 180 180 0.0910.002 0.36

H' Mass (Gev/c) 200 0.088-0.002 0.36
FIG. 9. Acceptancxk efficiency forVH production, with thew
and Z bosons decaying via any SM decay and the Higgs boson
decaying toyy. VIIl. CONCLUSIONS

We have presented results of searches for massive dipho-
lies within the regions excluded by OPAIL5] and ALEPH  ton production both inclusively and in association with a
[16]. The overlayed dashed and dotted curves are the preditigh-P; lepton,E+, or dijets. The latter channels are sensi-
tions for a bosophilic and standard model Higgs bosortive to production of a vector boson in association with a
(scaled up by a factor of 1Q0respectively. Higgs boson which subsequently decays to photons. Both the
inclusive and exclusive signatures are consistent with predic-
tions from standard model sources. In the inclusive channel
we set upper limits on the production of narrow resonances

2.0 -l T 1 T | T 1 T I T 1 T | 1 I-

- - 1»00 7 I T T T I
L —— 95% CL Upper Limit — 100 pb™ . -
------ Bosophilic Higgs: . ]
1.5 M,>82 GeV/c? (95% C.L.) . ]
3 0.75 -
= | [ o Bosophilic Higgs i
< = I . a(pp —> VH) NLO+CTEQ4M:]
™ 1.0 &~ 3 "Wy>82 GeV/c? (95% C.L.)
=y T 050k =
E =~ ‘ ]

o (v
r o i T
b | -
0.5 i ]
025} . =

0.0 | 1 1 1 T‘"-'--- 1 1 | 1 1 1 | 1 1
60 100 140 180 0.00
2 .
¥y Mass (GeV/c?) 60 80 100 120

Higgs Mass (GeV/c?)
FIG. 10. Upper limit at 95% C.L. on they+W/Z cross section
as a function ofyy mass. The dashed curve shows the prediction FIG. 11. Upper limit at 95% C.L. on the branching ratio fdr
for cross section times branching fraction for a bosophtilie> yy — v assuming standard model production Y@fZ+H [13]. Note
with branching fraction from Ref[5] and the cross section for that the limit lies within the regions excluded by OPAL5]| and
associated Higgs production is a standard model NLO calculatioMLEPH [16]. The dashed curve shows the branching fraction for a
from Ref.[13]. bosophilicH— yy from Ref.[5].
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