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Research fun with Vernon throughout the years



Beginnings
• Vernon graduated Ph. D. 1964 (Penn State) and quickly gained expertise in 

phenomenological theories of high energy scattering: Regge pole theory (early 
work with Marty Olsson, Dave Cline (1969 book) Roger Phillips)


• moved to parton model/gauge theories 1974


• I enrolled as Freshman at UW in Fall, 1975


• First met VB by taking UG Classical Mechanics, Fall, 1976


• Vernon fresh back frm Hawaii, always smiling and wearing Hawaiian shirts


• Gave easy exams which I nonetheless flubbed



Then
• Summer 1977: worked as UG hourly for Vernon, updating preprints to 

published versions and learning plotting for upcoming E&M book


• But I moved heavily into wilderness/whitewater paddling and got over 
my head taking too many grad courses


• Went to grad school at U Maryland to try GR with Misner; dabbled in 
QFT but quickly transferred back to UW for Fall 1980 semester


• Paddled 550 miles on South Seal/North Knife trip summer 1980, but 
when back to UW, boasted to VB that I could do Feynman diagrams



• Vernon recommend me to take Quals in Fall 1980 and Prelim exam Spring 1981


• I expected to fail, so helped organize 900 mile, 52 day canoe trip to Canadian 
Barren grounds


• When I accidentally passed prelims, Vernon offered me an RA for summer. But 
had to turn it down due to canoe trip.


• ``I thought you wanted to do research’’


• But started as RA in Fall 1981


• First paper: 1982 with VB, RJNP and Wai-Yee Keung



Yee taught me how to do MC integration!



grad school work
• 1983: lots of excitement over W, Z discovery by UA1/UA2 at CERN


• QCD was relatively new; backgrounds were not well-known


• Vernon and Roger and Alan Martin: discoverying 40 GeV top-quark in 
Rubbia’s data? 


• Anyway, searching for top-quark and 4th generation quarks and leptons 
a good idea: 
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https://inspirehep.net/literature/192742


this turned into a thesis

(Linda typed thesis and I proof-read on 


550 mile Kazan river trip during summer 1984

PRODUCTION OF NEW QUARKS AND LEPTONS AT PROTON - ANTI-PROTON COLLIDERS
#1
• Howard Arthur Baer(Wisconsin U., Madison) (Dec, 1984)
•

https://inspirehep.net/literature/209881
https://inspirehep.net/authors/1017694
https://inspirehep.net/institutions/903349


anomalous UA1/UA2 llgamma events

looked like bremsstrahlung



1984-1985-1986
• John Ellis thought monjet+MET signal at CERN SppbarS was 

SUSY


• Had help simulating signal from Henrik Kowalski, but Henrik had 
experimental duties, so CERN theory group hired a MC jock (me) 
to help explore exotic events that were appearing at UA1/UA2


• Went to CERN Fall 1984, met Xerxes Tata and collaborated with 
John& Dimitri


• Returned to USA in Fall 1985 (Argonne NL) where we developed 
SUSY cascade decays 1986 (after 900 mile Back river expedition)



culmination of top-quark papers
*introduced H_T variable


since didn’t know of CDF 


b-tagging at the time

*top-quark discovered 


1995 by CDF with ~100 pb-1



VB and I had a hiatus for next 17 years

until my sabbatical at UW in Fall, 2006

Then began ramping up for initial LHC runs and potential 


for discovery of standard SUSY (CMSSM)

Alas, the expected SUSY signals failed


to materialize although mh(125) did-


this raised the naturalness question


to prominence!



toward the little hierarchy problem

• low mu scenario, light 
higgsinos in NUHM2,3,4


• implications of h(125) for 
SUSY searches: NUHM with 
large A0



In this paper, we found the correct naturalness measure DEW 
and showed how natural SUSY could be generated radiatively



and then we showed how previous naturalness 
measures went wrong



There is a Little Hierarchy, but it is no problem

µ � m3/2 higgsinos likely the lightest superparticles!



Soft dilepton+jet+MET signature from higgsino pair production

Natural SUSY: only higgsinos need lie close to weak scale

It appears that HL-LHC can see much (but not all)  of natural SUSY p-space;

signal in this channel should emerge slowly as more integrated luminosity accrues

HB, Barger, Huang, 1107.5581;

Z. Han, Kribs, Martin, Menon, 1401.1235;


HB, Mustafayev, Tata; 1409.7058;

 C. Han, Kim, Munir, Park, 1502.03734;

HB, Barger, Savoy, Tata, 1604.07438;


HB, Barger, Salam, Sengupta, Tata,2007.09252;

HB, Barger, Sengupta, Tata, 2109.14030

ATLAS/CMS: 2-sigma excess from Run 2!



Distinctive new same-sign diboson (SSdB) 
signature from SUSY models with light higgsinos! 

wino pair production

This channel offers added reach of LHC14 for 
natSUSY; it is also indicative of wino-pair prod’n


followed by decay to higgsinos

(soft)

(soft)

So far: no distinct ATLAS/CMS analysis



It is sometimes invoked that maybe we should abandon naturalness:

after all, isn’t the cosmological constant (CC) fine-tuned?

In the landscape with 10^500 vacua with different CCs,

then the tiny value of the CC may not be surprising since


larger values would lead to runaway pocket universes

where galaxies wouldn’t condense- 


anthropics: no observers in such universes (Weinberg)

The CC is as natural as possible subject to the condition

that it leads to galaxy condensation

For some recent review material, see M. Douglas, 

The String Theory Landscape, 2018, Universe 5 (2019) 7, 176

eternally inflating 

multiverse

Bousso & 

Polchinski

How does this all relate to string landscape?



dP/dO ⇠ fprior · fselection
What is f(prior) for SUSY breaking scale?

In string theory, usually multiple (~10) hidden sectors

containing a variety of F- and D- breaking fields

For comparable <Fi> and <Dj> values, then expect

fprior ⇠ m2nF+nD�1
soft

Under single F-term

SUSY breaking,


expect linearly increasing 

statistical selection


of soft terms 

Douglas ansatz
arXiv:0405279

In fertile patch of vacua with MSSM as weak scale effective theory

but with no preferred SUSY breaking scale…

For uniform values of SUSY breaking fields, 

expect landscape to prefer


high scale of SUSY breaking!
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Agrawal, Barr, Donoghue, Seckel result (1998):

pocket-universe value of weak scale 


cannot deviate by more than 

factor 2-5 from its measured value


lest disasters occur in nuclear physics: no nuclei, no atoms

(violates atomic principle)

m(weak) must lie within ABDS window to have atoms/chemistry:

~50 GeV < m(weak) < ~350 GeV

What about f_selection ?

ABDS window <=> DEW<~30 



Making the picture more quantitative:

m(h)~125 most favored for n=1,2

dNvac[m
2
hidden,mweak,⇤] = fSUSY (m

2
hidden) · fEWFT · fccdm2

hidden

HB,Barger, Serce, Sinha



What is corresponding distribution for gluino mass?

gluino typically beyond LHC 14 reach 

(need higher energy hadron collider)



and top-squark mass m(t1)?

m(t1) typically beyond present LHC reach



first/second generation sfermions pulled to 10-40 TeV:

 landscape mixed decoupling/quasi-degeneracy sol’n 


to SUSY flavor/CP problems
HB, Barger, Sengupta, arXiv:1910.00090



Stringy naturalness: higher density of points are more stringy natural!

HB, Barger, Salam, arXiv:1906.07741

conventional natural: favor low m0, mhf

stringy naturalness: favor high m0, mhf so long as m(weak)~100 GeV

m(soft)1 m(soft)4

Under stringy naturalness, a 3 TeV gluino is 

more natural than a 300 GeV gluino!

Living dangerously: Arkani-Hamed, Dimopoulos, Kachru, hep-ph/0501082



recent work on dark matter
• discrete R-symmetries (Z(24)^R) solution to axion quality (arXiv:1810.03713)


• re-evaluation of cosmological moduli problem: finally, all modulus decays to 
(PQ)MSSM particles exactly calculated at tree-level (w/ R. Wiley-Deal, 
arXiv:2201.06633, 2301.12546)


• all axion DM from SUSY: using discrete R-symmetry to solve SUSY mu problem, 
then both U(1)_PQ and RPC emerge as accidental, approximate symmetries 
with RPV terms suppressed by (fa/mP)^n . For n=1, all wimps decay away in 
early universe leaving all SUSY DFSZ axion as DM: SUSY => a DM candidate 
still true, but paradigm shift: the DM candidate is the axion! (Consistent with 
lack of wimp signal at LZ) arXiv:2502.06955 and arXiv:2505.09785 



Conclusions
• It’s been a wild ride working with Vernon- lots of fun!


• Got anomalous events right


• Got top quark right


• Confident in natural SUSY


• Confident in string landscape


• Confident in LHC chances for SUSY discovery (even though community thinking proceeds on a different 
path)


• Best theory out there on SUSY dark matter


• But Vernon’s top collaborator still RJN Phillips: would need to publish 5 papers/year over next 16 years to 
catch up! By then Vernon will be 102 !


