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ΜΕΕΝΑ IN D0 RUN II

TRIGGER

▸ Improve trigger rate while 
preserving efficiency 

▸ My first study with Meena in Top Group 
▸ What does a Meena project look 

like? 

▸ Well-informed 
▸ Thorough 
▸ Flexible enough for changing 

requirements 
▸ You know you accomplished something 
▸ It is used
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from Level 2 to Level 1.

A more severe problem presents itself at Level 2 where the bandwidth

for the filter to the host cluster needs to be reduced by a factor of 2 to 3.  It is

undesirable to increase the electron ET  threshold because it would be above

the offline cut for the eµ channel.  A similar problem occurs for the jet cut.  In

all cases, however, the Level 2 /ET  is well away from any off-line cut these

channels contemplate making (20 GeV at a minimum).
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Figure 4.2: Effect of varying Level 2 /ET  cut.  (a) raw efficiency for dielectron
events for various top masses.  (b) efficiency for a subset of events which pass
a 20 GeV /ET  cut offline.

Therefore, shown in Figure 4.2 are efficiency curves for top events after

various cuts on Level 2 /ET .  These efficiencies are with respect to those from

the original ELE_JET filter which had a 10 GeV threshold.  Figure 4.2b shows

the same thing but for those events which pass an offline cut on the /ET  of 20

GeV.  The effect on background passing ELE_JET is shown in Figure 4.3.  To
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ΜΕΕΝΑ IN D0 RUN II

THE SILICON TRACK TRIGGER (STT)

▸ Early work to identify science motivation of STT 

▸ Study in  simulation 
▸ Not an easy trigger to develop 

▸ Not originally part of upgrade plan 
▸ Cluster board became Meena’s responsibility 

▸ Wrote algorithms, integration, commissioning 
▸ Not a lot of hardware experience 

▸ Big change 
▸ Redefined self as person to deliver 
▸ Wonderful job getting hands dirty 

▸ Force of nature 

▸ Xilinx donated a large # of FPGAs for free/reduced 
price as she just kept calling

Z → bb̄
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2 S. Caron

calorimeter trigger looks for energy depositions of
high transverse energy; the central track trigger
(CTT) and the muon trigger provide tracks.

The second level trigger (L2) receives informa-
tion from all major detectors to build a trigger
decision using hardware and software algorithms.
Each major DØ detector component has a cor-
responding L2 preprocessor, the STT is the pre-
processor of the Silicon Microstrip Detector. The
information of all the L2 preprocessors are sent
to the L2 global processor, which can run filter
algorithms to select the events and sends the in-
formation to the third trigger level. To maintain
an acceptable dead time the mean decision time
for L2 must be about 100µs. The L2 output rate
is about 1 kHz. Finally, the third level software
trigger partially reconstructs the events using a
farm of processors and reduces the rate to 50 Hz,
which is recorded for offline analysis.

3. How does the STT work?

The DØ tracking system consists of the Silicon
Microstrip Tracker and the Central Fiber Tracker
(CFT) both located in an about 2 Tesla solenoidal
magnetic field. The STT uses both devices to
reconstruct the trajectories of charged particles.

In the first trigger level the Central Track Trig-
ger can reconstruct tracks with a minimum pT
of 1.5 GeV using information from the three
scintillator-based detectors, the Central Fiber
Tracker and the central and forward preshower
detectors. The CFT consists of about 80000 scin-
tillating fibers and because of its fast readout
time its information can already be used in the
first trigger level. The position resolution with-
out the Silicon Tracker is, however, not sufficient
to provide precise information of the particle de-
cay lengths.

The SMT has six central barrels with four sil-
icon layers each and in total about 800000 read-
out channels. The barrel sensors parallel to the
beam pipe are used for the STT. They have a
50µm pitch width. Offline tracks made using the
SMT have an impact parameter resolution of up
to 15−20µm for high pT tracks, which is sufficient
to detect B-mesons.

The STT uses the Level 1 tracks provided by

2 mm road

SMT barrel

CFT H layer

CFT A layer

Figure 1. The ’road’ as defined around the Level
1 track using the inner and outer layers hits of
the CFT and the cluster selection in the SMT.

the CTT as seeds to define ’roads’ into the SMT
(see Fig. 1) . These roads are cylinders of ±2mm
radius around each CTT track. The STT forms
clusters from the pedestal subtracted SMT hits
and only clusters within these roads are consid-
ered for track fitting. Clusters are made by sum-
ming up a group of contiguous strips above some
threshold.
The STT design divides the SMT into 12 sec-

tors, each 30 degrees in the azimuthal angle φ and
the track fitting is performed in parallel for each
of the sectors. Almost no efficiency loss is caused
by tracks crossing sectors. The electronics for two
sectors house in one of the 6 STT crates. Data
of the same sector of all 6 SMT barrel detectors
has to be routed to one crate. Each crate has one
Fiber Road Card which receives and distributes
the Level 1 tracks and communicates with the
trigger framework. In each crate 9 Silicon Trig-
ger Cards perform a pedestal correction, followed
by the clustering of the SMT hits and associate
the clusters to the roads.
The information of the Fiber Road Card and

Silicon Trigger cards is then sent to the two Track
Fit Cards. The Track Fit Cards receive the roads
and axial clusters and convert them via a large
lookup table to physical coordinates. Then the
two dimensional track fit is performed in the r−φ
plane with the form φ(r) = b/r + κr + φ0. Here
b is the impact parameter with respect to the de-

“Extremely strong contribution”

“Important role in everything”
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ΜΕΕΝΑ IN D0 RUN II

ROLE IN RUN 2

▸ Early commissioning 

▸ Organized shifts to help test offline code from SUNY 
▸ Involved On 9/11 first integration tests @ BU 
▸ Intense period 

▸ Not a lot of testing before 
▸ Run parasitically 

▸ Biggest overall contribution 
▸ Make sure on time 
▸ The person putting pressure 

▸ 2006 shutdown Work on trigger boards 

▸ Involved in trigger till end of Run 2 
▸ Fly in, work to late night every day, fly out 

▸ Important for understanding background 
distributions
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▸ Used in many Higgs triggers 
▸ Supported final D0 analyses 

▸ B_s oscillations analysis 
▸ need cross checks, BG samples 
▸ Critical at analysis stage
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ΜΕΕΝΑ IN D0 RUN II

PARTICLE ID AND RECONSTRUCTION

▸ Run 1 TRD in forward region 

▸ Possibly a bridge too far… 
▸ Not what designed for 

▸ How does Meena approach?  

▸ Pragmatic: TRD software may not be 
up to it 

▸ Very high standard of correctness, 
usefulness and usability 

▸ Very thorough 
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The CDC provides track measurement in the |η|< 1.0 region and

consists of four layers of drift cells staggered by half the cell width for two-

track resolution.  Each cell possesses seven sense wires.  The radius of the

inner layer is 40.5 cm while that of the outer layer is 68.0 cm.  The length of

the active region is 148 cm.  The drift distance is less than 7 cm in CDC cells.

The FDCs cover the region 1.0 ≤ |η| ≤ 3.5 and are composed of 16 radial

cells for measurements of φ, and drift tubes for azimuthal (θ) measurements.

The θ   tubes have 8 sense wires and are divided into two sections before and

after the radial tubes.  These two sections are staggered by 45o in φ to avoid

inefficiency due to cracks and to provide redundancy.
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Figure 3.4: Cross sectional view of quadrant of tracking and calorimeter
systems.
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fake rate: Prob(PELC --> 'electron')

ef
fic

ie
nc

y:
 P

ro
b(

PE
LC

 --
> 

el
ec

tro
n)

5 parameter
likelihood

4 parameter likelihood

EC  TRD coverage

Figure A3.7. Electron efficiency vs. fake rate.  Units are fraction of electron or
jet sample starting as PELC's and passing electron identification cuts of fiso
< 0.1, and Li < 0.3 - 2.0 ( i designates either 4 or 5 parameter likelihood.)
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ΜΕΕΝΑ IN D0 RUN II

B-TAGGING IN RUN II

▸ Convenor of Vertexing group prior to 
Run 2 

▸ Wrote new code for secondary vertex 
tagger (SVT) 

▸ 2 years of software development and 
simulations 

▸ Day and night work  

▸ Focus was using b-tagging to ID top 
quarks 

▸  B ID convenor to 2005
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 b-tagging efficiency per jet Chi2 / ndf = 19.06 / 23

p0       = 0.509 

p1       = 21.44 

 b-tagging efficiency per jet Chi2 / ndf = 19.06 / 23

p0       = 0.509 

p1       = 21.44 

“A driving force”
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ΜΕΕΝΑ IN D0 RUN II

THE HIT GROUP - CO-CONVENOR

▸ Start search for Higgs 

▸ Exploit similarities in top and Higgs characteristics 
▸ Use experience of what worked in Run 1 

▸ Build group, build structure, add more to plate 

▸ Recruit people, energetic 

▸ Motivated and challenged people 

▸ Would go around to figure how you are progressing 

▸ Eg. MC generation —> unstick it 
▸ We need it in 2 weeks 

▸ help you get thru physics bureaucracy 
▸ Get things moving 

▸ Story all thru her career 
▸ Set expectations high 

▸ Then keep with it — not absentee

7
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ΜΕΕΝΑ IN D0 RUN II 8
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ΜΕΕΝΑ IN D0 RUN II

TOP QUARK MASS EARLY IN RUN II

▸ lumi used 49.5 and 40.0 pb-1 

▸ Testing and quantifying the ingredients 

▸ muon, jets, electron, Etmiss performance 
▸ jet parton corrections 

▸ Matrix element analysis very popular 

▸ Pursue template approach instead 
▸ Resisted top group convenor 
▸ Simpler analysis: easier to understand while learning 

the new detector and data 
▸ Computationally fast 
▸ Better stat. Uncertainty lost due to large systematics 

(eg. JES) 
▸ Establish something that works first, then do more 

complex analysis
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ΜΕΕΝΑ IN D0 RUN II

TOP QUARK MASS

▸ Two analyses 

▸ topological variables 
▸ Btag analysis 

▸ first D0 top mass effort with b-tagging 
▸ Made sure people worked on this got 

credit and it was presented adequately 

▸ Problem of stuck code 

▸ Anecdote: trouble with code that needed 
Fortran: stuck 
▸ Meena understood what to do, could look 

at the code and work out the problem 
▸ Pushed whole thing along
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“Felt protected”
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ΜΕΕΝΑ IN D0 RUN II

SEARCHES FOR TOP
▸ Search for top-antitop  

▸ High mass top optimization 
▸ Very orderly development guided by Meena 

▸ Look at new variables 

▸ Event shapes, kinematic calculations 
▸ What works?   
▸ What can be modeled adequately 
▸ Some crazy ideas got shot down 

▸ Systematic scan thru cut space  

▸ Figure of merit at each operating point 
▸ Objective determination of optimal point 

▸ Once you pick it, stick with it!
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the optimization for two different jet cuts in terms of H T  are given in

Appendix V, Tables A5-2 and A5-3.  The results are shown in Figure 7.5.  In

addition to retaining the maximum efficiency for tt  production, we chose

cuts which maximized two different measures of significance,

σ1 = S / B

σ2 = S / B

where S is the number of events expected for signal, and B is the number

expected for background.

second jet E   > 20 GeV,  H    > 120 GeVT T
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Figure 7.5: Estimated Signal vs. Background in 32 pb-1 for various choices of
hadronic cuts.  Shown are possible cut choices for different combinations of
leading and second leading jet ET's (open circles), various HT cuts with a 15
GeV second jet cut (open triangles) and 20 GeV cut (closed circles).
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ΜΕΕΝΑ IN D0 RUN II

SEARCH FOR SINGLE TOP

▸ One of three methods: Bayesian NN 

▸ Others already going and well along 

▸ A very active role, technical details 

▸ Hands-on, running scripts, talking to 
others 

▸ Learned from Meena: vision for 
automation 

▸ Start from single thing, build up whole 
analysis 

▸ Thru Observation in 2.3 fb-1

12

Figure 12 shows the cross sections measured for combined tb+tqb production in each
independent analysis channel, and the combined result, taken from the 1-d posterior density
distribution measurements.
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FIG. 12: Summary plot of the measured single top quark cross sections for tb+tqb showing
the individual measurements and their combination.
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FIG. 4: BNN output distributions for the e,µ+jets combination in RunIIa+b data in logarithmic scale. The total
single top contribution in this plots is normalized to the measured cross section (the relative tb to tqb contributions
are given by the ratio of their SM cross sections). [Rows: top =2 jets, center =3 jets, bottom =4 jets, columns: left
=1 b-tag, right =2 b-tags.]
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“Never give up”
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ΜΕΕΝΑ IN D0 RUN II

SEARCH FOR W’

▸ Straightforward evolution of single top  

▸ Effort to 2010 

▸ Interference between W and W’ 

▸ Can yield lower rate 
▸ Few included interference (still rare)  

▸ Meena worked well with theorists 

▸ Moscow State produced signal modeling 

▸ Use BDT for analysis 

▸ First analysis with large data sample (2008)

13

“pretty hands on”
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Yields with Two b-Tagged Jets

Electron Channel Muon Channel
2 jets 3 jets 2 jets 3 jets

Left-handed signals (SM+W ′

L)
W ′ (600 GeV) 6.5 4.1 5.2 3.3
W ′ (650 GeV) 4.0 2.5 3.2 2.1
W ′ (700 GeV) 2.7 1.5 2.2 1.4
W ′ (750 GeV) 1.9 1.1 1.6 0.9
W ′ (800 GeV) 1.5 0.8 1.2 0.7
W ′ (850 GeV) 1.3 0.7 1.1 0.6
W ′ (900 GeV) 1.2 0.6 1.0 0.5
Right-handed signals (W ′

R)
W ′ (600 GeV) 5.8 3.5 5.5 3.6
W ′ (650 GeV) 3.3 2.1 3.1 2.1
W ′ (700 GeV) 1.9 1.2 1.8 1.2
W ′ (750 GeV) 1.1 0.7 1.0 0.7
W ′ (800 GeV) 0.6 0.4 0.6 0.4
W ′ (850 GeV) 0.4 0.2 0.4 0.2
W ′ (900 GeV) 0.2 0.1 0.2 0.1
Backgrounds
s-channel (only for W ′

R) 2.3 1.1 1.9 0.9
t-channel 0.3 0.8 0.2 0.7
tt̄ → ll 5.5 4.6 4.6 3.8
tt̄ → +jets 1.7 13.6 1.0 10.2
Wbb̄ 16.2 6.8 15.3 8.2
Wcc̄ 1.6 1.1 1.6 1.5
Wjj 0.1 0.1 0.1 0.1
Multijets 2.5 3.2 1.5 1.9

Background Sum (for W ′

L) 27.8 30.2 24.3 26.4
Background Sum (for W ′

R) 30.1 31.3 26.2 27.3
Data 30 37 23 32

TABLE V: Yields after selection for events with exactly two b-tagged jet.
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FIG. 6: 95% C.L. limits for W ′ as a function of its mass. NLO theoretical cross sections are also shown for a left-handed W ′

when interference effects with the SM are included. The shaded region is excluded by this analysis.
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ΜΕΕΝΑ IN D0 RUN II

REVIEW OF TOP QUARK PHYSICS 

▸ Wanted comprehensive review  

▸ Initially asked Meena, started in 2006 

▸ LHC results hoped for, but only Tevatron in end 

▸ Meena wanted to do single top 

▸ Excellent, concise review of very complex analysis 
▸ Includes ‘evidence’ results 

▸ Also did portions of rest, including parts of 

▸ top properties 
▸ nonstandard production and decay, incl. W’ 

▸ Editing/proofing of whole 

▸ Very enjoyable collaboration 

▸ Focused on making it the best it could be
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Intl. Journ. Of Modern Phys. A, 23:353 (2009)
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ΜΕΕΝΑ IN D0 RUN II

OTHER CONTRIBUTIONS

▸ Higgs associated production - WH 

▸ Technicolor search -  

▸  cross section - topological selection 

▸  cross section - b-tag selection 

▸ Top width measurement 

▸  measurement 

▸  resonances 

▸  forward-backward asymmetry

ρT, ωT → e−e+

tt̄

tt̄

Vtb

tt̄

tt̄
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▸ And those she has taught: 

▸ Balamurali V. (Notre Dame) 
▸ Robert Kehoe (Notre Dame) 
▸ Sailesh Chopra  
▸ Ariel Schwartzmann (Buenos Aires) 
▸ Kevin Black (BU) 
▸ Lorenzo Feligioni (BU) 
▸ Monica Panglinan (Brown)



R. Kehoe (SMU) - 3/3/23 Meena Memorial

ΜΕΕΝΑ IN D0 RUN II

FAREWELL

“Work ethic 2nd to none” 

“Great example for women, can have everything” 

“An unstoppable force” 

“Would not suffer a fool” 

“Almost seemed invincible” 

“Loved challenges” 

“Very good at organizing people” 

“She’s right!” 

“Drives everyone to be more productive” 

“You are not alone, we will help you” 

“A brilliant physicist!” 

“A great loss”
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