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As will be clear from the tollowing report, the three main areas that came under investigation in the
working group on B-physics and collider physics are (a) searches for supersymunetric particles,
(b) phenomena related to B-factories, and (c} the interaction and utilization of electroweak gauge
bosons in coiliders. Several studies were initiated in different sub-azeas coming under the above
thermes. Some of the studies have already vielded results that are worthy of reporting; others are stilt at
various stages of completion.

The following topics were identified for further research (the names of the participating working
group members are given in parentheses)

i. Consequences of non-universal scalar masses in SUSY (Amitava Datta, Aseshkrishna Datta,
M Direes and D P Roy)

2. Determination of V,; from semi-inclusive hadronic decays (R Aleksan, Amitava Datta, A Kundu
and B Mukhopadhyaya)

3. Long-distance contributions to doubleradiative B-decays (N G Deshpanrde and A Kundu}

4. Closing the window in gauge mediated supersymmetry breaking with a nuetrolino NLSP
{K Agashe and D Ghosh}

5, Isospin analysis in B-decays (R Aleksan, N G Deshpande and A Dighe)

6. Gauge boson scattering in hadronic colliders (Gour Bhattacharya and Anindya Datta)

7. Distinguishing gauge-mediated SUSY breaking signals from SUGRA-type fakes at LEP
(Anindya Datta and Sreerup Raychaudhuri)

8. Probing R-parity violation in e — v colliders (F Boudjema and A Ghosal)
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Brief reports an some of these projects have been received. They are reproduced here.

1. Consequences of nonuniversal scalar masses for SUSY searches

Amitava Datta, Aseshkrishna Datta, Manuel Drees and D P Roy

It has been known for quite some time that if the rank of a GUT group or some inter-
mediate symmetry group is reduced by spontaneous symmetry breaking, one may obtain
D-term contributions leading to nonuniversal squark and slepton masses at a high scale
[£,2} This may change the predictions of the conventional scenaric, based on the
assumption of universal sfermion masses at the GUT scale, for the low energy sparticle
spectrim and, consequently, SUSY search strategies [3,4].

In particular it was emphasized in [4] that the R-type (SU{2) singlet) down squarks Dg
may be considerably lighter than the L-type squark doublets ¢, and the R-type up singlets
Ug due to the above D terms. Examples of specific models in which this happens are
SO(10) SUSY GUTs breaking down to the standard model gauge group directly or via the
Pati-Salam group at an intermediate scale [2]. If this is the case, then the branching ratio of
direct gluino decays into the Bino-like lightest super symmetric particle (LSP) mediated by
R-type squarks is enhanced relative to the cascade decays leading to signatures different
from those expected in scenarios where all sfermions degenerate at the GUT scale.

In this work we focuss on a specific scenario my, , g, > mg > mp,, which was only
bricfly commented upon in [4]. Our main goal is to compare and contrast the SUSY
signals predicted by this scenario with the predictions of the conventional scenario, which
usually assumes that there are ten degenerate squarks of L and R-type excluding the stop.

As an example we generate the mass spectrum with the following choices of parameters
(all mass parameters are in GeV): mp= 175, mg = 225, D :O.4mé, p==300, A=0
and tan 8 = 2. Here D> is the unknown coefficient in the D-term contributions to sfermion
masses, which breaks universality (see eqs (4.2)-(4.6) or (4.9)—{4.13) of [2]). For all other
parameters we have followed the conventional notation. The resulting squark masses
are:

mg, =275(263.5)(q = u,d, 5, c}, my, =271.4(260}(U=u,c}, my, =235(221),
and my_ = 221.6(260)(D = d, 5, b).

The numbers in parentheses correspond to the universal case (D = 0). Note that the mass
of by, is much suppressed compared to the other L-type squark masses because of the’
contribution of the top quark Yukawa coupling to the RGE for g, .

Some distinctive features of the gluino production signal follow unmecilately Gluinos
will decay directly into Dps with nearly 100% BR since this is the only allowed strong 2-
body decay. The Dgs in turn will mostly decay directly into the LSP (which is Bino-like).
The production of gluinos, Uy and Dy type squarks will lead to signals with very little

cascade decay and to a missing energy spectrum harder than that expected in the universal
scenario. The production of L-type squarks can of course lead to cascades. However,
except for the by the other L-type squarks will be produced with smaller cross sections
because of their larger masses. Thus the signal is indeed expected to be quite different
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than the conventional one. The computation of SUSY signals in this scenario 1S in
progress and will be presented elsewhere.
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2. Probing tan sneutrine NLSP scenario in gauge mediated supersymmetry
breaking models at LEP-2

Dilip Kumar Ghosh and K Agashe

The mass spectrum of the scalar fermions and gauginos in the gauge mediated super-
symmetry breaking model (GMSB) [1,2] are determined by four input parameters, viz.
M, the messenger mass scale, A, the ratio of the VEV's of the auxiliary and scalar
components of superfield § in the messenger sector, j {the Higgsino mass parameter) and
tan / (the ratio of the VEV’s of two neutral components of the Higgs doublet). Recently it
has been suggested in ref. [3] that one can constrect model with the number of messenger
generation Ny = 3 or 4 which has a fau sneutrino as a next to lightest supersymmetric
particle (NLSP) with following heirarchy in the scalar fermion spectrurm:

my, < 54GeV;  mg, <57 GeV; mg, < 95GeV. (1}

In table 1, we show for Ny =3, 4, the mass spectram in this scenario, for some repre-
sentative values of p and tan J. We varied j from —700 to 100 GeV and tan 3 from 2 to 10.
This mass hierarchy is valid for a very natrow range of A, from 11.5 TeV to 13.5 TeV for
Ny = 3 and 10TeV to 11.5TeV for Ny = 4,

The above mentioned mass hierarchy can give rise t0 interesting signals which can be
observed in slepton pair production at ete™ collider LEP-2.

In this note we begin our study with the pair production of left and right selectron
through the process e" e~ — &F + ¢ at centre-of-mass energies /5 = 172 and 183 GeV
assuming the left and right selectron masses i, and Mg, respectively satisfy equation (1).
The production mechanism OCCUIS via t-channel %7 {i= 1,2, 3,4) exchange. The
produced scalar clectrons decay into an electron and lightest neutralino, which is
kinematically favoured, g — ¢ + %) inside the detector. The left selectron can also

Table 1. Particle spectrum for N, = 3,4 1n GMSB model. The numnbers shown in
the parenthesis corresponds to Ny = 4.
(GeV)

A (TeV) 1 (GeV) tanf g (GeV) s, (GeV) mp, (GeV) mys
Ay

- ome (GeV) MR e
11.5(10)  —~700{=700) 2(2) T721(7743)  4122(4720) 46.15(4651) 50.96(58.82)
12,5011 348(200)  3(3) R5.05(86.05) 53.04(5331) 46.10(47.91) 47 87(48.35)
13(115)  —500{—500) 4(6) 88.64(00.80) 55.47(56.98) 47.13(46.95) 56.96(66.41)
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Table 2, The efel (first row) and EFEF (second row) pair production cross-section
{pb} with cuts {(mentioned in the text) for centre-of-mass Energies \/s = (72 and 183
GeV. The numbers in the parenthesis are for V5 = 183 GeV. The higgsine mass
parameter j, &, ér and 7. masses are in unit of GeV, [e%] denotes the soft eleciron.

N, A (TeV) I tan 4 m, Hig, g Final state o
g________§_______%—_______%_____ﬁ_%_____k
3 L5 (125 —375 360y 2 (3) 77(8sy 47 33 46 (46) eteF +& 018 (0.12)

4 (L5 =300(6825) 36 g6 (90} 53(57). 48 {47) eﬂ:{eﬂ +£ 082 {0.76)

decay into a neutring dnd chargino, hence, we st take into account the reduction in the
branching ratio to electron and neutralino final Slate, on the other hand the correspending
right handed selectron has 100%, branching ratio into this channel. Each of these lightest
neutralinos then undergo the followiug wo body decay \:?g Urisy, However, in some
region of parameter space, one can have igh > mg . then & undergo three-body decay into
e* v, via virtual %1~ Finally the NLSP v decays into a tan neutrino and a gravitino,
whicl is the LSP in GMSR model. Hence, the finai state containg ete™ | and large missing
energy ¥ carried away by neutrino and gravitino. The masses of £r and )E? are nearly
degenerate, which implies that the energy of the electron which comes from the decay of &,
is below the threshold energy required to identify an electron at the electron calorimeter.

The remaining electron passes through the following minimum identification requirements,
Ee>2GeV; Pr(s) > 2Gev, (7] > 3. (2)

We also demand that the nissing energy (£) > 15GeV.

Next we consider the pair production of left selectron through the process etem
F + & which occurs via s-channel ~, Z% exchange or r-chanpe] %Y exchange. The
preduced selectrons then decay into either lighter chargino and a neutrino or into a
neutralino and electron. We do not consider the neutsino and chargino final states in this
note. We take into account the reduction in the branching ratio to electron and neutraline
final state. We only consider here the decay of left selectron into an electron and lightest
neutralino whick is kinematically possible. Once the neutralinos are produced, they decay
as before, giving rise to rwo electrons and missing energy. In this case both the electrons
are hard enough to be observed at the electrop calorimeter. As before we demand that
both the electrons should satisfy the minimum identification'cﬁteria ed. (2). In table 2, we
show the cross-sections for two hard electron plus missing energy arising from ?féf pair
productior and one hard and soft electron plus missing energy from Efé,f pair production.
For illustration we choose some fepresentative points in the GMSB parameter space
where the production cross-section is large.

One can see from the last column of table 2 that the cross-sections for these events are
large enough to be observed in the data sample collected at V5 =172GeV and
Vs = 183 GeV with 10.2 pb~"and 57.1 pb~! mntegrated luminosities respectively. Hence,
a detailed study at LEP-2 can either establish or rule out this particular mass Rierarchy in
a GMSB model.
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3. yW Luminosity at the large hadron collider

Gour Bhattacharya and Anindya Datta

There has been a revival of interest in photon indnced processes al fadron colliders. One of
us had previously mvestigated [1] heavy charged lepion pair production via vy and Z7v
fusion at the proposed CERN large hadron coltider (LHC). We had atso presented 7Y and
7 differential tuminosities at the LHC. Here we extend (hese previous work to present YW
differential lumisosities for inclastic and semi-elastic pp collisions at the LHC. For inelastic
pp scattering, a proton may be regarded essentially as & collection of freely travelling
elementary constituent partons. We have used the effective photon or Weizsicker-Williams
approximation (WWA) [2] to calcutate the photon spectiuim from quarks for inelastic pp
callisions. For the inelastic case, the luminosity depends upon the threshold energy of the
production process, i.c. the masses of the final state particles. Here we will assume that vW
fusion produces a heavy charged lepton L, and its associated heavy neatrino, N. We will
present the inelastic luminosity results asswming My = ML = 200 GeV. Within WWA, the
photon spectrum, [, el(x), from a quark (of charge €g) i given by

7
; e 1 120, fas
poigey = A e

B X tmin

(1)

where x is the fraction of quark energy carried off by the photon, and fmax and fmin 27 the
characteristic maxirmum and minimurm photos MoIBentum transfers. Here we have taken
foax = (8§ — (M + mL)Z) 4, and fin = 1 GeV?, with +/5 being the center-of-mass energy
in the parton frame. The choice o fmy enSUreEs that the photons are obtained from the
deep inelastic scattering of protons, when the guark-parton model is valid.

For inelastic pp scattering, the incident protons ceases 10 exist and the constituents
hadronize. For semi-elastic scattering, one of the incident protons remains intact. Using
the following parametrizations of the electric and maguetic form factors of the proton,

Gelr) = (1 —1/0.71 Gev3y 2, Gul(r) =2.79Gel)- (2)

Kniehl has obiained a closed anatytical expression (3] for f ‘ffljp, the photon speclruim from
protons for the clastic case, in a modified WWA. We have used this in our calculation.

For multi-TeV hadron interactions, one can also consider the vector bosens s
constituents of protons. Effective vector boson approximations have been developed in
analogy with WWA, which considerably simplify calculations involving gauge bosons.
However unlike photons, a massive gauge boson has two transverse and one longitudinal
polarizations, and the effective W and Z approximations give the spectia of Tongitudinally
and transversely polarized W’s and 77s from quarks in the proton. In the original formula-
tion of the effective W approximation. Dawson [4] presents the distribution function of W
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Figure 1. Tpe differential W luminosity for (&) inelastic and {b) semi-elastic pp
collision at the LHC
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where
-1 4
pi =30 [ Sl 1), ©
~ S ¥

where X = (1 — 20,/ V/3) s an upper limit of integration given by kinemnatical
considerations, /1, being the proton mass and /s = 14 TeV is the center-of-mass energy
of the colliding protons at the LHC. xpin 18 2 lower limit of integration consistent with (he
quark-parton model.

In figure 1, we show the differential vW luminosity for inelastic (a) and semi-elastic
(b} pp collisions at the [ HC. The solid lines represent the W, juminosity, corresponding
to the longitudinal polarization of the W, and the dashed lines show the differential
luminosity for Wr., coresponding to an average over the two transverse polarizations of
W. As expected, the vW lumninosities are larger than the ¥Z lurninosities. For the inelastic
case, the vW differential luminosities are larger than those for +Z by approximately a
factor of 1.3 over the entire range of + for which we present the resulis. Tor the semi-
elastic case, the vW differential luminosities are larger than ~+Z by approximately a factor
of 2.3 over the range of 7 shown. The Wr,, differential jumninosities are larger than those
for Wiy by approximately an order of magnitude, over the range of 7 shown, for both the
inelastic and semi-elastic cases. For 772 1073, the inelastic YW differential luminosities
(for both the longitudinal and iransverse cases) are approximately a factor of 5 larger than
the corresponding semi-elastic ITuminosities, while for 7> 3 X 1072, the semi-elastic
luminosities are larger than the inelastic tuminosities.
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4. Determination of Vyp from charmless nonleptonic B-decays

‘ Roy Aleksan, Amitava Datta, Anirban Kundu and Biswarup Mukhopadhyaya

Determination of the Kobayashi-Maskawa (KM) element Vi is important to test the
unitarity of the KM matrix as well as the standard paradigm for quark mixing and CP-
violation. At present, there are three suggested ways to determine this element, and all of
them use the semileptonic decay modes of the B-meson [1]. The first is to see the lepton
excess below the charm threshold (coming from the decay b — wfi) where the hadronic
final states are supposed io be dominated by 7 or p. One has to depend cn phencmeno-
logical models [2] to determine quantities which are not directly measurable (like the
momenturs distribution of the & quark inside the B hadror). However, this model
dependence is not so sevese. In fact, the major obstacles in this method are the extremely
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small branching fraction to the charmless semileptonic modes, priori assumptions abont
the nature and composition of the final hadronic states and the absence of a reljable way
to extrapolate the feptonic yvield below the charm threshold into the soft-lepton limit,
where leptons coming from b — ¢ decay also contribute, and are overwhelming [3].

The second method requires the measurement of the invariant mass and moments
of the fina! charmless siates [4). Though the statistics is better in this case, the hadronic
state has a broad invariant mass distribution. In particular this spectrum has tail
toward invariant masses above the charm threskold. The calculation of the shape of thig
spectrum suffers from theoretical uncertainties leading to significant Errors in the deter-
mination of V,;, if the experimental cut on the invariant mass cannot exceed, say, the order
of 1L.5GeV. :

The third method [5] involves the exclusive semileptonic modes such as furm or fup,
The main problem here comes from the poor knowledge that one has on the heavy-to-
light form factors. This leads to a determination of V,, which is model dependent.

We plan 1o use the nonieptonic two-body modes to determine Vis. One of the most
crucial points to test is the local duality 6] in such decays, since one has to work in a
region where the operator product expansion (OPE) breaks down due to singular terms in
the matrix element, and smearing over a certain duzlity interval is necessary.

The best way to check local parton-hadron duality is to use the charmed modes to
determine V., and see whether it comes our as expected. We concentrate on the semi-
inclusive decay modes B — DX, and B — DX, where X, represents ali possible
hadronic states thar containg the charm quark coming from the decay of &,

As we know the hadron mass and not the quark mass, we are forced to introduce two
unkrown guantities — caffed A and Ay [7] - for this trading-in, A is essentially a measure
of the light degrees of freedom and is of the same order (but not the same) to Agcp. The
other parameter A medsures the effect of the b-quark kinetic energy inside the B meson,
and is « priori unknown. Thus, the total decay width to the charmed modes can be
expressed in terms of these two unkaown parameters.

To determine them, we Propose to take the first and second Spectral moments (s — )
and {s — m})?, where

s = {pg — )’ (1)

with ¢° = mf;m, and ppg is the four-momentum of the B-meson. The spectral moments are
defined by ™

N 2., dll
(50— m?)y" = o / (30 —mi?) s dsy, . (2)

where 5q is the parton level analogue of v {they are refated), and Iy is the parton-levei
decay width of the § (= G /1927y, .

Two such moments can be extracted from the CLEQ data, and one can check whether
Ve comes in the expected region, If it does, then
(i} the assumption of local duality is not totally absurd:
(i) the higher order QCD cerrections (crf and beyond) are not that significant,

Our ultimate plan is to find A and Ay from the moments and use them to the totat deacy
width for # — y nonleptonic decays to find Vie. The obvious caveats are:
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(i) we are using the same set of parameters A and A, for B and D mesons, which may be
2 reasonable assumption but is not necessarily true;
(ii) the decay constant fp, is not very accurately determined;
(iti) for massless quarks in the final state the OPE breakdown may be more scverc as the
two singularities in the so plane merge togeiher.

Still, with a large data sampte from the future experiments (BABAR, BELLE, ATLAS,
CMS, LHC-b, HERA B) onc expects 0 reduce the experimcntal uncertalnties to a
minimum and find usefui theoretical constraints on the approach used.
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5. Probing R-parity violating processes in an electron—photon collider

Fawzi Boudjema and Ambar Ghosal

We investigate R-parity violating processes in the context of an electron-photon collider
at /5 = 500 GeV-1000 GeV. Utilizing the opportunity of polarized electron and photon
bearas, it is interesting to study the signal of some R-parity violating processes, parti-
cularly, the processes: €7y — 7d, bi, arising due to the presence of M coupling in the
R-parity violating part of the~Lagrangian L= N (dy (e}) 4+ hoe., followed by the
decay of ¢, f,d. Various stop (), top (f) and d decay modes have to be studied together
with h-tagging. We have also considered right-polarized electron beam in order io remove
W induced backgrounds. Furthermore, the cross-sections of these processes also depend
crucially on the polarization of the photon beam. The work is under progress.

Pramana — J. Phys., Vol. 51, Nos 1 & 2, July/August 1998
Special issue on “Proceedings of the WHEPP-5” 295






