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THE SM HIGGS BOSON PRODUCTION IN 

 ! h! bbAT THE PHOTON COLLIDER AT TESLAP. Nie»urawski, A.F. �arne
kiInstitute of Experimental Physi
s, Warsaw UniversityHo»a 69, 00-681 Warsaw, Polandand M. Kraw
zykTheory Division, CERN, 1211 Geneva 23, SwitzerlandandInstitute of Theoreti
al Physi
s, Warsaw UniversityHo»a 69, 00-681 Warsaw, Poland(Re
eived September 10, 2002)Measuring the � (h ! 

) BR(h ! bb) de
ay at the photon 
ol-lider at TESLA is studied for a Standard Model Higgs boson of massmh = 120 GeV. The main ba
kground due to the pro
ess 

 ! QQ(g),where Q = b; 
, is estimated using the NLO QCD program (G. Jikia);the results obtained are 
ompared with the 
orresponding LO estimate.Using a realisti
 luminosity spe
trum and performing a dete
tor simulationwith the SIMDET program, we �nd that the � (h! 

)BR(h! bb) de
ay
an be measured with an a

ura
y better than 2% after one year of photon
ollider running.PACS numbers: 14.80.Bn, 13.88.+e1. Introdu
tionA sear
h of the last missing member of the Standard Model (SM) family,the Higgs boson, is among the most important tasks for the present andfuture 
olliders. On
e the Higgs boson is dis
overed, it will be 
ru
ial todetermine its properties with a high a

ura
y. A photon 
ollider optionof the TESLA e+e� 
ollider [1℄ o�ers a unique possibility to produ
e theHiggs boson as an s-
hannel resonan
e. The neutral Higgs boson 
ouples tothe photons through a loop with the massive 
harged parti
les. This loop-indu
ed h

 
oupling is sensitive to 
ontributions of new parti
les, whi
happear in various extensions of the SM.(177)



178 P. Nie»urawski, A.F. �arne
ki, M. Kraw
zykThe SM Higgs boson with a mass below � 140 GeV is expe
ted to de-
ay predominantly into the b�b �nal state. Here we 
onsider the pro
ess

 ! h! bb for a Higgs boson mass of mh = 120 GeV at a photon 
olliderat TESLA. Both the signal and ba
kground events are generated a

ord-ing to a realisti
 photon�photon luminosity spe
trum [2℄, parametrized byCompAZ model [3℄. Our analysis in
orporates a simulation of the dete
torresponse a

ording to the program SIMDET [4℄.2. Photon�photon luminosity spe
trumThe Compton ba
ks
attering of a laser light o� high-energy ele
tronbeams is 
onsidered as a sour
e of high energy, highly polarized photonbeams [5℄. A simulation of the realisti
 

 luminosity spe
tra for the photon
ollider at TESLA, taking into a

ount non-linear 
orre
tions and higherorder QED pro
esses, has be
ome available re
ently [2℄. In this simulation,a

ording to the 
urrent design [1℄, the energy of the laser photons !L isassumed to be �xed for all 
onsidered ele
tron beam energies.
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60 80 100 120 140 160Fig. 1. Photon�photon luminosity spe
tra for psee = 210 GeV, obtained withCompAZ parametrization of Telnov's simulation, as a fun
tion of the invariantmass of two 
olliding photons W

 . The 
ontributions of states with the total 

angular momentum proje
ted on a 
ollision (z) axis, Jz=0 and Jz = �2 (denotedas Jz = 2), are shown separately.



The SM Higgs Boson Produ
tion in 

 ! h! bb at the . . . 179In the analysis we use the CompAZ parametrization [3℄ of the spe
-trum [2℄ to generate energies of the 
olliding photons. We assume that theenergy of primary ele
trons 
an be adjusted in order to enhan
e the signal.Our signal produ
tion of a s
alar parti
le 
orresponds to the 
ase whereproje
tion of the total 

 angular momentum on a 
ollision (z) axis Jz isequal to zero. For psee = 2Ee = 210 GeV, we obtain a peak of the Jz = 0
omponent of the photon�photon luminosity spe
tra at the invariant massof the two 
olliding photons W

 equal to the 
onsidered mass of the Higgsboson, i.e. mh = 120 GeV.The luminosity spe
tra are shown in Fig. 1. The lowest invariant massof the two 
olliding photons used in our generation of events is equal toW

min = 80 GeV. For the assumed psee value, the maximum invariantmass for the 
olliding photons, ea
h produ
ed in a single Compton s
attering,is equal to Wmax1 = 131:2GeV. However, there is also a small 
ontributionfrom the events, whi
h 
orrespond to the intera
tion of an initial ele
tronwith two laser photons (higher order e�e
t). This gives a higher maximalinvariant mass of the produ
ed energeti
 photon beams, namely Wmax2 =161.5 GeV. The results presented in this paper were obtained for an inte-
Simulation (V.Telnov)

parametrized with CompAZ
√see=210 GeV

Jz= 0, 2

Jz= 0

Compton, x=4.8,
√see=152 GeV

Jz= 0, 2

Jz= 0

Wγγ (GeV)

L
um

in
os

it
y 

γγ
 (

fb
-1

/1
G

eV
)

0

0.25

0.5

0.75

1

1.25

1.5

1.75

2

2.25

2.5

60 80 100 120 140 160Fig. 2. Photon�photon luminosity spe
tra used in the analysis of the SM Higgsboson produ
tion with mass mh = 120 GeV, as a fun
tion of the invariant massof two 
olliding photons W

 . The spe
trumused here, as obtained fromCompAZparametrization based on Telnov simulation (hat
hed areas), is 
ompared witha spe
trum derived from the lowest order QED predi
tions for the Comptons
attering, used in the earlier analysis (lines). The total luminosity distribution(Jz = 0;�2) and the Jz = 0 
ontribution are shown, separately.



180 P. Nie»urawski, A.F. �arne
ki, M. Kraw
zykgrated luminosity of the primary e�e� beams equal to Lgeomee = 502 fb�1, ex-pe
ted for one year of the photon 
ollider running [2℄. The resulting 

 lumi-nosity is then expe
ted to be: L

 = 409 fb�1, or 84 fb�1 forW

 > 80GeV.In the earlier analysis, for instan
e in [6℄, the spe
tra that were usedhad been derived from the lowest order QED 
al
ulation for the Comptons
attering, with a �xed parameter x = 4Ee!L=m2e equal to 4.8. The realisti
spe
trum [2℄, parametrized by the CompAZ model, di�ers signi�
antly fromthe spe
trum of the high-energy photons used in [6℄, whi
h is shown in Fig. 2.The 
omparison is made for two 
ombinations of the heli
ities of two 
ollidingphotons, (�;�) and (�;�), with the total angular momentum proje
ted ona 
ollision (z) axis equal to 0 and �2, respe
tively.3. Details of a simulation and the �rst resultsWe 
al
ulate the total width and bran
hing ratios of the SM Higgs boson,using the program HDECAY [7℄, where higher order QCD 
orre
tions arein
luded. A generation of events was done with the PYTHIA 6.205 program[8℄, with the parameters for a Higgs boson as in the HDECAY. A partonshower algorithm, implemented in PYTHIA, was used to generate the �nal-state parti
les.The ba
kground events due to pro
esses 

 ! b�b(g); 
�
(g) were gener-ated using the program written by Jikia [6℄, where a 
omplete NLO QCD
al
ulation for the produ
tion of massive quarks is performed within themassive-quark s
heme. The program in
ludes exa
t one-loop QCD 
orre
-tions to the Lowest Order (LO) pro
ess 

 ! b�b; 
�
 [9℄, and in additionthe non-Sudakov form fa
tor in the double-logarithmi
 approximation, 
al-
ulated up to four loops [10℄.For a 
omparison we generate also the LO ba
kground events, using theQED Born 
ross se
tion for the pro
esses 

 ! b�b and 

 ! 
�
, in
ludingin addition a parton shower, as implemented in PYTHIA1.The fragmentation into hadrons was performed using the PYTHIA pro-gram. A fast simulation for a TESLA dete
tor, the program SIMDET ver-sion 3.01 [4℄, was used to model a dete
tor performan
e. The jets werere
onstru
ted using the Durham algorithm, with y
ut = 0:02; the distan
emeasure was de�ned as yij = 2min(E2i ; E2j )(1 � 
os �ij)=E2vis, where Evis isde�ned as the total energy measured in the dete
tor.The double b-tag was required to sele
t the signal h! b�b events. Sin
eno suitable �avor-tagging pa
kage exists for the SIMDET 3.01 program2,1 For 
onsisten
y with Jikia's program, we use a �xed ele
tromagneti
 
oupling 
on-stant equal to �em � 1=137.2 The b-tagging 
ode adapted for the new version of SIMDET 4.01 [11℄ should be
omeavailable soon [12℄.



The SM Higgs Boson Produ
tion in 

 ! h! bb at the . . . 181we assume, following the approa
h used in [6℄, a �xed e�
ien
y for theb�b-tagging, equal to "bb = 70%, and a �xed probability for a mistagging ofthe 
�
 events, a main ba
kground to the b�b events, equal to "

 = 3:5%.The following 
uts were used to sele
t properly re
onstru
ted b�b events:1. a total visible energy Evis greater than 90GeV,2. sin
e the Higgs boson is expe
ted to be produ
ed almost at rest, theratio of the total longitudinal momentum of all observed parti
les tothe total visible energy is taken to be jPzj=Evis < 0:1,3. a number of jets Njets = 2; 3, so that events with one additional jetdue to hard-gluon emission are a

epted,4. for ea
h jet, i = 1; : : : ; Njets, we require j 
os �ij < 0:75, where 
os �i =pz i=j�!pi j.Using the above 
uts, we obtain the distributions of the re
onstru
ted 

invariant mass Wre
 for a signal and for a ba
kground, shown in Fig. 3. TheJz = 0 and Jz = �2 
ontributions from the NLO ba
kground, with bb(g)and with 

(g) �nal states, are shown separately. For a 
omparison, the esti-mated LO ba
kground is presented as well (dotted line). Note that the NLO
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ted invariant mass Wre
 distributions for the sele
ted b�b events.Contributions of the signal, due to the Higgs boson with a massmh = 120GeV, andof the heavy-quark ba
kground, 
al
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ated. For
omparison, the LO ba
kground estimate is also plotted (dots). Arrows indi
atethe mass window optimized for the measurement of the � (h! 
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182 P. Nie»urawski, A.F. �arne
ki, M. Kraw
zykba
kground 
ontribution is approximately two times larger than the LO one.This is mainly due to the Jz = 0 
omponent, whi
h is strongly suppressedin the LO 
ase; however in the 
ase of NLO it gives a large 
ontribution,espe
ially pronoun
ed in the high-W

 part of the signal peak. A more de-tailed 
omparison of the LO and NLO ba
kground estimations is presentedin the Appendix. Other ba
kground 
ontributions, from the resolved pho-ton(s) intera
tions and the overlaying events, were found to be negligible [13℄.4. Final resultsAssuming that the signal for Higgs boson produ
tion will be extra
tedby 
ounting the b�b events in the mass window around the peak, and sub-tra
ting the ba
kground events expe
ted in this window, we 
an 
al
ulatethe expe
ted relative statisti
al error for the partial width multiplied by thebran
hing ratio, � (h! 

)BR(h! bb), in the following way� �� (h! 

)BR(h! bb)��� (h! 

)BR(h! bb)� = pNobsNobs �Nbkgd :The a

ura
y expe
ted for the 
onsidered quantity � (h! 

)BR(h! bb),if estimated from the re
onstru
ted invariant-mass distribution obtained forthe Higgs boson mass of 120 GeV in the sele
ted mass region, between 106and 126GeV (see Fig. 3), is equal to 1.9%. It is in agreement with the resultof a previous analysis [6℄.A long tail in the re
onstru
ted mass Wre
 distribution obtained for theh! b�b events seen in Fig. 3 is due to the es
aping neutrinos, whi
h mainlyoriginate in the semi-leptoni
 de
ays of the D- and B-mesons. This tail 
anbe e�e
tively suppressed by applying an additional 
ut on PT=ET, wherePT and ET are the absolute values of the total transverse momentum of anevent ~PT and the total transverse energy, respe
tively3. The 
ut relies ondemanding the PT=ET to be small. The Wre
 distributions for the h ! b�bevents obtained by applying various PT=ET 
uts are shown in Fig. 4. In this�gure we use di�erent 
olors to denote the di�erent total energies of neutrinosin the event, E�s. The e�e
ts due to the dete
tor resolution in�uen
e ashape of the distribution for Wre
 > mh, whereas for a lower Wre
 oneobserves a signi�
ant e�e
t of the es
aping neutrinos in the distribution. Byapplying a realisti
 PT=ET 
ut, e.g. PT=ET < 0:04, we 
an obtain a massresolution, derived from the Gaussian �t in the region from ��� to �+2�,better than 2 GeV.3 ~PT (ET) is 
al
ulated as a ve
tor (s
alar) sum of the transverse momenta~p iT = (pix; piy; 0) (the transverse energies EiT = Ei sin �i) over all parti
les that belongto an event.
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onstru
ted invariant mass Wre
 distributions for 

 ! h ! b�b events,for various PT=ET 
uts. Contributions of events with a di�erent total energy ofneutrinos in the event E�s are indi
ated by di�erent 
olors. The parameters � and� are obtained from the Gaussian �t in the region (�� �; �+ 2�).Shown in Fig. 5 is the Wre
 distribution obtained by applying the 
utPT=ET<0:04. The relative a

ura
y expe
ted for the � (h!

)BR(h!bb)measurement, 
al
ulated in the Wre
 mass range between 114 and 124GeV(as indi
ated by arrows in the �gure), is equal to 2.2%. We 
on
lude thatthe PT=ET 
ut improves a mass resolution, but worsens the statisti
al sig-ni�
an
e of the measurement.We have found a method, whi
h allows an in
rease of a signal-to-ba
k-ground ratio without redu
ing the event statisti
s. We assume that themeasured missing transverse momentum is due to a single neutrino emit-ted perpendi
ularly to the beam line4. Then, we introdu
e the 
orre
ted,re
onstru
ted invariant mass asW
orr �pW 2re
 + 2PT(Evis + PT) :4 Due to a large spread of the photon beam energy, no 
onstraints 
an be imposed onthe longitudinal momentum.
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ise measurement of the Higgsboson produ
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ross se
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orr be-
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 ! h! bb at the . . . 185tween 115 and 128 GeV, as indi
ated by arrows. In the sele
ted W
orr regionone expe
ts, after one year of photon 
ollider running at nominal lumi-nosity, about 5900 re
onstru
ted signal events and 4600 ba
kground events(i.e. S=B � 1:3). This 
orresponds to the expe
ted relative statisti
al pre-
ision of the measurement� �� (h! 

)BR(h! bb)��� (h! 

)BR(h! bb)� = 1:7% :5. Con
lusionsOur analysis shows that, for the SM Higgs boson with a mass around120GeV, the two-photon width for the b�b �nal state 
an be measured inthe photon 
ollider at TESLA with a pre
ision better than 2%. If the re-
onstru
ted invariant mass of the event is 
orre
ted for the energy of es
ap-ing neutrinos from D- and B-meson de
ays, we a
hieve a pre
ision of themeasurement of the � (h ! 

)BR(h ! bb) equal to 1.7%. The obtaineda

ura
y is in an agreement with the result of a previous analysis, basedon the idealisti
 Compton spe
trum [6℄. Note, however, that the realisti
photon�photon luminosity spe
trum that we use is more 
hallenging.The measurement dis
ussed in this paper 
an be used to derive the partialwidth � (h ! 

), taking BR(h ! bb) value from pre
ise measurement atthe e+e� Linear Collider. With 1.7% a

ura
y on � (h ! 

)BR(h ! bb),obtained in this analysis, assuming BR(h ! bb) will be measured to 1.5%[14℄, Higgs boson partial width � (h ! 

) 
an be extra
ted with a

ura
yof 2.3%. Using in addition the result from the e+e� Linear Collider forBR(h! 

) [15℄, one 
an also extra
t �tot with pre
ision of 10%.The SM Higgs boson produ
tion 

 ! h ! b�b 
an be 
onsidered formasses up to about 160 GeV [6℄. For higher masses of the SM Higgs bosonone should 
onsider other de
ay 
hannels, see e.g. [16℄.We would like to thank S. Söldner-Rembold for valuable dis
ussions andfor giving us an a

ess to the program written by G. Jikia, whi
h gener-ates the NLO ba
kground. Also fruitful dis
ussions with I. Ginzburg andV. Telnov are a
knowledged. The work was partially sponsored by theBMBF�KBN 
ollaboration program TESLA. M.K. a
knowledges partial sup-port by the Polish State Committee for S
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 Resear
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ontra
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186 P. Nie»urawski, A.F. �arne
ki, M. Kraw
zykAppendix AComparison of the LO and NLO ba
kground estimatesAs it is well known, see e.g. [9, 10℄, the NLO 
orre
tions for the ba
k-ground pro
ess 

 ! b�b are large. Whereas the LO ba
kground is stronglysuppressed for a Jz = 0 
ontribution, this suppression is removed for thehigher order pro
ess with an additional gluon in the �nal state. As an ex-ample, we show in Fig. 7 the ratios of the 
orresponding NLO and LO resultsfor the Wre
 distribution, for the pro
ess 

 ! b�b(g), for di�erent values ofNjets and Jz. In ea
h 
ase one observes large di�eren
es between the NLOand LO results, both in the shape and in the normalization. As the pre
isedetermination of the ba
kground shape is 
ru
ial for a reliable estimationof the Higgs boson width, we 
on
lude that a res
aling of the LO estimates
annot be re
ommended as a substitute of the full NLO ba
kground analysis.
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