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• Frank `grew up’ working on forward scattering, Pomerons and phenomenology-

• Made transition to QCD/SM physics with famous Kubar-Andre/Paige NLO Drell-Yan

• As BNL prepared for IsaBelle pp collider, the questions arose:

• what does QCD predict for hadron-hadron collisions?

Frank and Serban rose to this challenge 

by creating the Isajet computer code in late 1970s

• use perturbative QCD for hard scattering

• use new Fox-Wolfram algorithm for multi-parton emission

• use Field-Feynmann independent hadronization

• gain simulation of e.g. qqbar, gg scattering

• laid template for other generators: Pythia/Jetset and Herwig

Alas, ill-fated Isabelle collider `replaced’ by SSC;

but Isajet could be used for CERN SppbarS, Tevatron, SSC, LHC

Early 1980s: added Sjostrand initial state backward shower algorithm

Isajet versions 1-6



Frank was involved in work on supersymmetry (SUSY) early on:

a SUSY phenomenology pioneer!

1982 Snowmass SUSY 

study using Kane-Leveille

formulae into Isajet 3

• pp ! g̃g̃, q̃q̃(⇤)

• g̃ ! qq̃, qq̄�̃

• q̃ ! q�̃, qg̃



1984 Snowmass SUSY@SSC study adapting 

cross sections from Dawson, Eichten, Quigg into Isajet:

SUSY became a hot topic when UA1/UA2 identified some

multi-jet+MET anomalous events at CERN SppbarS collider:


were there gluinos/squarks ~40 GeV?

(I was leading 550 mile canoe trip across Canadian 

subarctic and preparing to defend Ph.D. thesis


on top/4th generation quark signals at hadron colliders)



• 1984: John Ellis thought SUSY being discovered at CERN 
SpparS; built simple event generator with Henrik Kowalski 
(experimentalist from DESY who had other obligations)


• I was hired as 1 year Scientific Associate at CERN starting 
October 1984: my strength was writing MC code


• Xerxes and I joined John and Dimitri to look at slepton pair 
production at SppbarS: November 1984


• As follow-up project, Xerxes suggested to investigate gluino/
squark production but including as well decays to winos/zinos/
photinos: Spring 1985

My involvement with SUSY

This included gluino cascades

as well but those conflicted


with John’s SUSY interpretation

so they were left out of title


and abstract



Development of SUSY cascade decays

At Argonne NL in 1986, Xerxes, Barger and student Debra Karatas (Giudice) 

computed gluino/squark decays to all electroweakinos with


general mixings computed numerically; include some EWino decays

This paper coined the term SUSY particle cascade decays



We followed up by developing sparticle branching fraction subroutines and implementing 
them with parton level Monte Carlo production/decay-


proper sparticle production required differentiating squark

flavor and `handedness’

SUSYSM was used to calculate multi-lepton+jets+MET signatures

for Tevatron/SSC; built SUSYSM interface with Pythia,


but Sjostrand uninterested in this at the time

Jim Freeman was the entire ‘BSM’ group at CDF ~1990;

he had worked earlier with Frank using Isajet with simple


production/decay processes but wanted more realistic 

event generation.

We turned over our subroutines to Freeman 

who built a crude interface with Isajet-


I in turn modifed/generalized Freeman code to

make improved version called IsaSUSY



From 1990 Snowmass report FSU-HEP-901110



In 1992, Frank suggested the IsaSUSY interface be hard wired in Isajet.

We worked closely together to make this happen.


End result was Isajet 7.0 with all 2->2 sparticle production

mechanisms along with cascade decays, depending on 


pMSSM (weak scale) input parameters 

The movement was from simplified models

to detailed SUGRA model predictions

The collider events turned out

to be far richer than expected


from simplified models

SUSY was well motivated in early 1990s

due to measurement of gauge couplings


at LEP which unified under MSSM

evolution but not under SM evolution



For first time, had `realistic’ simulation of how SUSY would

appear at hadron colliders:
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About 1000 distinct production

subprocesses along with cascade 

decays

gave rise to an estimated 


10^5 distinct

production/decay chains

This was considered a big step up

from previous use of simplified models


and revealed the beautiful 

complexity of SUSY collider signals

Today, physicists have refrained from

testing `models’ to instead test


`simplified models’- 

a step backwards IMO



    S. Abdullin    Oct.2000 
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What production of supersymmetric

matter might look like at CMS detector


using Isajet event generation



In 1994, we added IsaSUGRA to Isajet:

first publicly available SUSY spectrum generator


based on RGEs-

proposed SUSY searches in m0 vs. m(1/2) space

In this context, limits from many different

 experiments could be plotted in same plane


since they referred to same model: e.g.

LEP e+e- bounds along with Tevatron bounds

Isasugra was later followed by European spectra

calculators: SuSpect, SoftSUSY, Spheno



In 1994 (on honeymoon), we also added e+e- -> SUSY reactions:

big effort from Uriel Nauenberg Colorado group using Isajet


for NLC/ILC simulations

e+e- => W1+ W1-

• added bremssrahlung

• added beamstrahlung

•  added beam polarization



Some further IsaDevelopments

• 1995: first LHC reach plots in m0 vs. mhf plane (see Xerxes)

• 1996-1998: upgrade to large tan(beta)- full Yukawa/mixing effects in decay BFs

• IsaWIG (Isajet/Herwig) interface

• upgrade to include actual decay matrix elements for 3-body decays rather than 

just phase space

• 2000: IsaReD, neutralino relic density Oh^2 (with A. Belyaev, C. Balazs)

• ISaTools: Oh2, g-2, b->s gamma, Bs-> mumu

• WIMP DM detection: sigma(SI, SD), <sigma.v>

• numerous other SUSY models: mGMSB, mAMSB, NUSUGRA, mirage: 13 total!

• SUSY Les Houches accord output (not input)

• SUSY Les Houches Events output- track color flow

• Delta(EW) as measure of EW fine-tuning in SUSY models

• kappa(Higgs)

• 2017: Most recently: Unpatchified Isajet 7.87: tarball 

• 2018: Isajet 7.88 released including natural AMSB- 


first post-Frank release dedicated to Frank!



As Serban noted, so far no SUSY signal has emerged at LHC

in spite of `many’ theorist expectations based on loose notions of


naturalness

In 2012, we introduced the Delta(EW) fine-tuning measure

into Isajet which we believe is the correct way


to calculate naturalness: it accounts for correlated

soft SUSY breaking parameters which leads to large


cancellations in the fine-tuning calculation:

the measure is same for UV or IR parameter choices

A crucial feature for low fine-tuning is that the mu parameter-

which feeds mass to both SM (W,Z,h) and SUSY particles (higgsinos)


be not too far from 100 GeV:

meanwhile, sparticle mass bounds re-evaluated:


SUSY quite natural for m(t1)<3 TeV and m(glno)<6 TeV

The Isajet models allow input of mu (low mu)

so several NEW natural SUSY signatures found and


evaluated using Isajet: same-sign diboson and

soft OS dilepton+jet+MET from higgsino pair production 

non-negotiable naturalness



Since emergence of string theory with flux compactifications, 

it becomes more clear from statistical studies of SUSY breaking scale


in the multiverse that string theory has a statistical bias

towards large soft terms arising from more complex SUSY breaking sector:


Denef and Douglas (from nearby SUNY Stony Brook)

Draw to large soft terms balanced by anthropic requirement

of weak scale not too far from 100 GeV (Donoghue et al.)

for n=1,2, get m(h) just right: m(gl)~2-6 TeV and m(t1)~1-3 TeV

I am pretty certain Frank’s efforts on SUSY will still bear fruit,

but signal should trickle in at LHC over next 2-20 years



The Isajet evaluation of <sigma.v>(T) for neutralino annihilation in

early universe is input into unique code for mixed axion/WIMP

dark matter production using eight coupled Boltzmann equations:

(Debating whether to include in Isajet)



• forward/soft scattering


• Drell-Yan


• event generation- Isajet


• detailed SUSY simulation


• Snowmass contributions: huge influence


• Atlas jet calibration studies

Frank was a true physics pioneer

We miss him dearly!


