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Overview

UC Davis Experimental Group
Tau leptons in exotics physics
Tevatron
LHC
Conclusions
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Experimental activities

details at http://ucdcms.ucdavis.edu/
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UCD Exotics Team

Senior researchers
Smith, advanced MC methods
Breedon, Cox jumping in

Postdocs
Soha -- CDF, CMS
CMS tau’s: Sierra, Veelken
Lister, Schwarz -- CDF top & top exotics

Students
4 Ph.D.s this year!
Maruyama, Stilley, Friis, Dolen, Searle...
Undergrads, too:  (Sandalski, del Toro, etc.)
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Golden Signatures
Colliding hadrons at 40 MHz messy 
Jets copious but SM sources 
overwhelming
Leptons are clean

SM rates well understood, but
Leptonic BRs are relatively “rare”

Multi-object leptons very powerful
LS dileptons, trileptons, etc.  We validated this 
claim in Run I.

What if nature prefers 3rd gen.?
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Fermilab Today

Thursday, January 12, 2006  

Thursday, January 12 

2:30 p.m. Theoretical Physics Seminar - 

Theory Conf Rm (WH-3NE) 

Speaker: A. Martin, Boston University  

Title: Accidental Goldstone Bosons  

3:30 p.m. Director's Coffee Break - 2nd 

Flr X-Over 

4:00 p.m. Accelerator Physics and 

Technology Seminar - 1 West  

Speakers: N. Mokhov and D. Still, 

Fermilab 

Title: Crystal Collimation at the Tevatron 

 
Friday, January 13 

3:30 p.m. Director's Coffee Break - 2nd 

Flr X-Over 

4:00 p.m. Joint Experimental Theoretical 

Physics Seminar - 1 West 

Speaker: K. Burkett, Fermilab 

Title: Monojet Search and LED 

Interpretation from CDF  

8:00 p.m. Fermilab International Film 

Society - Auditorium 

Tickets: Adults $5  

Title: The Man Who Knew Too Much 

Partly Cloudy  53º/39º  

 
Extended Forecast 

Weather at Fermilab  

 

 
Secon Level 3 

 

Oddone Announces Change 
in Structure of Directorate 

During a meeting held on Wednesday 

with Associate and Assistant Directors, 

Pier Oddone

and with the heads 

of divisions and 

sections, Fermilab 

Director Pier Oddone 

announced an 

organizational 

restructuring to have 

Environment, Safety 

and Health report 

directly to the 

Director as a measure of the priority of 

safety in all aspects of the lab. In 

addition, a new position of Chief 

Financial Officer reporting to the Director 

will be created to consolidate financial 

functions. Oddone also discussed the 

next steps in analyzing how to optimize 

the rest of the organization to carry out 

the laboratory's program. 

The changes, which take effect March 1, 

eliminate the position of Associate 

Director for Operations Support, currently 

held by Jed Brown, and consolidate the 

responsibilities for operations under 

Bruce Chrisman, currently Associate 

Director for Administration, who will 

become the lab's Chief Operating Officer. 

Brown, who had previously discussed the 

changes with Oddone, will remain at 

Fermilab through May 31 to help with the 

transition. He joined the lab in December, 

2001. 

At Wednesday's meeting, Oddone 

lauded Brown for his significant 

accomplishments in lab safety, in 

When "Heavy Photons" 
Decay to Taus

Distribution of invariant mass for an electron 
+ tau + missing ET system, where we 

choose narrow jets with Ntrack = 1 and 3. 

The Monte Carlo prediction for Z decays to 
tau pairs and its background agree with the 
data. The difference between the data and 
the total background (a sum of colored 
histograms) is accounted as the number of 
Z's detected and used to determine the 
production cross section. (Click on image for 
larger version.) 

Sometimes a photon is not just a photon. 

Sometimes it's really heavy, and we call 

it a Z. You don't get many Z's from your 

flashlight, but when particles and 

antiparticles collide at high energy, 

occasionally we get Z's instead of 

photons. 

These Z's don't hang around long and 

decay into a pair of leptons or quarks as 

long as they sum up to zero electric 

charge. Why do we want to study the 

decays to tau pairs in great detail? "New 

physics" like Higgs and Supersymmetry 

(to name two popular ideas) might prefer 

taus over electrons or muons. Thus, by 

studying Z decays to tau pairs, and 

comparing with expectations, we are 
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-Minnesota Wild Rice w/Chicken  

-Tuna Melt on Nine Grain  

-BBQ Ribs  

-Chicken Casserole 

-Buffalo Chicken Wrap  

-Mexican Pizza  

-Chicken Pecan Salad 

Wilson Hall Cafe Menu 

Thursday, January 12 

Dinner 

-Gruyere and Black Forest Ham Crepes  

-Shrimp Scampi  

-Spinach Fettuccine  
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Wednesday, January 18 
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-Chicken and Prosciutto Cannelloni  

-Caesar Salad  

-Rum Raisin Spice Cake  

 

Chez Leon Menu 

Call x4512 to make your reservation. 
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fnal.gov/today/ 
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today@fnal.gov 
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security and public access, and in site 

and facilities management, including 

several important measures for reducing 

costs. 

"We all owe a debt of gratitude to Jed for 

his devoted service to Fermilab," said 

Oddone. "He leaves a great team in 

place in the areas that he has managed 

and a string of accomplishments we are 

very proud of. On a personal level, I have 

valued Jed's help in guiding my 

understanding of the many issues 

associated with the laboratory site, the 

health and safety program, and our 

relations with the public and surrounding 

communities. We all wish Jed and his 

wife, Jean, the very best in their next 

endeavors."  

Read More  

—Mike Perricone  

 

SSDS Press Release:  
SDSS-II SUPERNOVA SURVEY 

EXPLODES WITH NEW FINDINGS 

WASHINGTON DC (January 12, 2006) - 

The population of supernovae - 

exploding stars in distant galaxies -- has 

exploded here on Earth with an 

unprecedented number of new 

discoveries logged in just 90 days by the 

Sloan Digital Sky Survey (SDSS-II). 

The SDSS-II Supernova Survey today 

reported the discovery of 139 new Type 

Ia supernovae during its first campaign 

last fall. 

These supernovae will be used to 

provide more precise constraints on the 

nature of the mysterious Dark Energy 

that is causing the expansion of the 

Universe to speed up. They will also yield 

greater understanding of supernovae as 

standard distance signposts (aka 

actually looking for some of this new 

physics. 

How do we do it? The taus themselves 

are unstable so, again, we look at their 

decay products. A third of all taus decay 

to either an electron or muon, which is 

good because these are easy to 

measure. The remaining majority decay 

to more complicated things called 

charged and neutral pions along with a 

neutrino. The tau decay is characterized 

by forming a narrow "jet" that encloses 

an odd number of charged tracks. 

The challenge is to distinguish these tau 

jets from the much more common quark 

and gluon jets which are produced 

copiously at the Tevatron. Both in the 

real-time selection (trigger) and in 

subsequent data analysis, at CDF we 

have succeeded in collecting and 

identifying these taus with high efficiency. 

Our measured cross section of 265 ± 33 

picobarn agrees well with prediction. 

More importantly this validates the 

analysis techniques that we are now 

using for new physics searches at 

hadron colliders. 
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Challenging, but with a very big payoff!

2DOE Review, 2006 Aron Soha, UC Davis

Why Physics With Taus?

 SUSY scenarios w/cascade decays to taus

 MSSM Higgs (h, H, A)!    " " 

 Additional modes for top quark decays

 Electroweak ( Z !    " " , W !    " #  )

 Exotic objects:   H++, heavy objects (Z')

 R-parity violating SUSY stop squarks,
    Leptoquarks,  !     "  b

And don't forget the Standard Model...

M. Chertok, WC LHC 12/08/06

Taus in Exotics

You cannot do exotics 
with taus without real 
SM tau preparation:

Z → tau tau, W → tau nu
Our CDF Z→ tau tau analysis is with 
Collaboration for comments  

Top with taus
Br (pp → ttbar) ~ 830 pb @NLO @ 
LHC!! 7
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Tau Leptons in Exotics
“Interesting” decays!

hadronic
65%

muon
18%

electron
18%

5-prong
0.1

3-prong
14.9

1-prong
50.0

Hadronic Tau Decays
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Tau Triggering at CDF

Lepton + Track triggers - created for 
SUSY cascades: low PT

Central electron or muon
Isolated track (seed for tau)

Tau + Missing ET trigger
Di-tau trigger

9

Level 2 tracking trigger upgrade 
(now) will keep these viable at 
high inst. luminosity running



Tau Identification at CDF

14

Jets are wide
Taus are narrow



Tau Identification at CDF
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Taus get narrower as they get more boosted

Taus have 1 or 3 localized charged pions

!We can reconstruct 
neutral pions associated 
with tau-decay.
!The tau's momentum is 
the sum of the charged and 
neutral pion's momenta.

M. Chertok, WC LHC 12/08/06

Hadronic Tau Charged Tracks

11



Neutral pion 
multiplicity

11%

9%

26%

3%
9%

1%

1%

0 π0
1 π0

2 π0
3 π0

0 π0
1 π0 2 π0 3 π0

1-prong tau decays

3-prong tau decays



M. Chertok, WC LHC 12/08/06

Recent results from the Tevatron
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2/fb delivered/experiment!

14

2.35x1032 cm-2s-1
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SelectedTevatron analyses

Z → tau tau
WZ cross section with trileptons
R-parity violating Stop
3rd Generation VLQ
Like-sign dilepton search

15
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Z decays to τ pairs

This is “the” tune-up (and 
background) for Z’ favoring taus
Shouldn’t believe any H→ ττ 

results before seeing this

16
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Z → ττ

17
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Z → ττ

Measured cross section x Br:
265 ± 20 (stat) ± 21 (sys) ± 15 (lumi) pb

18
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New CDF WZ, ZZ results
Search for WZ, ZZ in 1.1/fb

WZ: 3 leptons (e, mu) + MET
ZZ: 4 electrons and/or muons
Both: use “tracks” to increase acceptance
Some additional acceptance from τ→e,μ

19
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New CDF WZ, ZZ results
WZ analysis:  σ(NLO) = 3.7 ± 0.3 pb

20

ZZ analysis:  σ(NLO) = 1.4 ± 0.1 pb

=5.9σ
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WZ Signal region plots
Signal region: Z window and MET>25

21

MT is for non-Z 
lepton and MET

M(lll)Trilepton types
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A Few WZ Event Displays
Trimuon

22
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WZ Event Displays
mu mu track

23
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WZ Event Displays
e e track

24



M. Chertok, WC LHC 12/08/06

WZ Event Displays
trielectron

25
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ZZ Candidate

26

mu mu mu track
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RPV SUSY search w/ τ’s
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3rd Gen. Vector Leptoquarks
VLQ3 case (S=1), work of John R. 
Smith and Soushi Tsuno

Helicity amplitudes required because acceptance 
depends on tau helicity, but these were not 
available.
GRACE/GR@PPA implements Feynman rules and 
uses helicity basis.  Thus, event-by-event, tau 
polarization can be passed to TAUOLA

MadGraph could be used as well
CompHEP, up-to-now, sums over final-state spins

Similar procedure necessary for other 
exotic (S≠0) decays to taus

 Philosophy: if we can use correct MC, we should!

28
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VLQ3 Cross Section

29

At LHC, situation ~ reversed
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VLQ3 Analysis

30

LQ

LQ

τ e,µ

τ h

b

b

 Use Lepton+Track trigger  HT = ET(lepton) + ET(τh) + ET + 
∑ET(jets)
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VLQ3 Results

31

 Yang-Mills type
  m > 317 GeV/c2

 Minimal Coupling type
  m > 251 GeV/c2

No events 
observed



! Appear in models with Higgs Triplets.

! Couple only to charged leptons, W", H"#

! Decays to W+H+  are  phase-space suppressed for m(H++)<160GeV/c2 

! Lepton-Flavor Violating couplings allowed. 

! Experimental signature: Like-sign dileptons; Multileptons

! Pair-produced at Tevatron

$ Cross section only depends on electroweak quantum numbers and mass

Doubly Charged Higgs

5
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Doubly-Charged Higgs
Search for H++ pair-production with 
LFV decay H++ →τe or H++ →τμ

Signature is LS dileptons or multileptons

Assume prompt decay, O(10μm)

32

(At present, not considering pp →H++H-)-



 H++ H- -  searches in the e! and  "!
channels

12

# We can't use the same like-sign dilepton signature as the previous 
CDF searches.
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H++/H--

LS signature not feasible for tau channels 
because R(jet →τ) ~100X R(jet →e,μ)

33

H++ → eμ H++ →τμ



 Limits

32

! We set mass limits of 114/112 GeV/c2 for HL
++ assuming 

exclusive e+tau, and mu+tau decay modes, respectively.
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H++/H--

Employ “lepton+track” triggers (low PT)
Will be critical for H++ → ττ search

Require 3 or 4 leptons to suppress W+jets
HT cut, Z mass veto, LS mass window

No events survive

34

To examine 
SUSY variants on 

this model, we 
need custom MC 

for Δ++ 

production

~



R-Phi View.

36

CMX Muon: 100GeV

Missing Et: 35GeV
Tau: 59 GeV

Tau: 10.6 GeV

All Tracks with pT > 500  MeV/c are shown
M. Chertok, WC LHC 12/08/06

H++ interesting event

μ-τ+τ+

Fails LS 
mass 
window 
cut
Likely SM 
process is 
W+jets

35

R-Phi V
iew

.

36

CM
X

 M
uon: 100GeV

M
issing Et: 35GeV

Tau: 59 GeV

Tau: 10.6 G
eV

All Tracks with p
T  > 500  M

eV/c are shown



M. Chertok, WC LHC 12/08/06

LS Dilepton Search

LS Dileptons appear, notably in:
Decays of gluino pairs or gluino-squark prod.
Chargino-neutralino production

CDF search in 1/fb electrons and 
muons

High Pt lepton triggered sample
Pt(lep1)>20 GeV/c, Pt(lep2)> 10 GeV/c

36
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LS Analysis
Inclusive search:

Predict 33.7±4.7 from SM, Observe 44
Probability of fluctuation 10%

Tighter cuts: MET>15, Z mass veto
Predict 7.9±1.1 from SM, Observe 13
Probability of fluctuation 7.3%
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FIG. 1: Invariant mass distribution and the leading lepton transverse momentum in data and

simulation
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FIG. 1: Invariant mass distribution and the leading lepton transverse momentum in data and

simulation
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Tevatron Prospects
Assume several /fb/experiment
Substantial, well-understood datasets
New L2 tracking trigger (upgrade) 
will improve tau triggering
LHC experiments will require a 
couple of years to really understand 
their data
Need to keep up effort until final 
Tevatron data analyzed!
Those trilepton events keep rolling in

38



M. Chertok, WC LHC 12/08/06

CERN: at the foot of the Alps
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CMS at CERN’s LHC

Starts in 2008 (high energy)
40
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CMS : TOB
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CMS: Endcap Muon
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CMS: World’s largest solenoid
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The 100m dash
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Neutral pions in tau decay

Brand new: ~50% of 
photons will pair 
produce in tracker!
Modify our tau cone 
definitions?
Benefit of additional 
tracking for e+e- 
pair?
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CMS SUSY Space
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e.g., SUSY LM1
m0=60, m1/2=250,tanβ=10,µ>0,A0=0

Like B’ (m0=57)

σ(LM1) ~50 pb, σ(LM1,N2C1) ~1 pb
SParticle SPectrum:

M(N1)~95, M(N2)~M(C1)~180
M(gluino)~610, M(squark)~500, M(stop1)~400
M(slepR)~120, M(slepL)~190, M(stau1)~110

Edge = ΔM ~M(Z) !!
Other ideas?  Counting expt. only?
Tau channels would change edge... 
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LM1 Decay Table
The sleptons, esp. the stau, are light.

2-body decays dominate  

Neutralino2 decays:
Br(N2 → slepton lepton) ~ 11%
Br(N2 → stau tau) ~ 46%

Br(stau → tau N1) = 100%

Br(N2 → neutrinos and N1’s) ~ 42%

Chargino1 decays:
Br(C1 → sneutrino lepton) ~ 36%

Br(sneutrino → nu N1) = 100%

Br(C1 → sneutrino tau) ~ 20%
Br(C1 → stau neutrino) ~ 41%
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LM1 Decays 

Thus, best approach on 
LM1 is to reconstruct:

the even lower-Pt e’s and mu’s 
from tau decay, and
hadronic taus

Both are challenging
How low can we go in             
Pt(e), Et(e) and Pt(mu)?
Can CMS do low-Pt tau jets?

49

channel Br
lll (l=e,mu) 10%

l l τh 18%
τh τh l 19%
τhτhτh 8%

LM1 Br summary, 
including τ decays
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Lepton Momenta
Pt(l1-3) from LM1 
trilepton events

e’s and mu’s from tau 
decays substantially softer
leptons from direct N2C1 
production also softer
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CMS SUSY with e,μ
OS dileptons 
from N2 
decays at LM1

51

5σ discovery contours

Method: full 
simulation at LM1, 

used as normalization 
to fast sim. for scan
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Conclusions

Tevatron may finish with a bang
Experimentalists need theorist help 
with advanced MC
Startup of LHC will not be step 
function
Taus showing worth.  The “b” of the 
2000 decade?
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