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Abstract5

Recently, the ATLAS collaboration reported the observation of a new neutral particle6

in the search for the Standard Model Higgs boson. The measured production rate of the7

new particle is consistent with the Standard Model Higgs boson with a mass of about 1258

GeV, but its other physics properties are unknown. Presently, the only constraint on the9

spin of this particle stems from the observed decay mode to two photons, which disfavours10

a spin-1 hypothesis. This note reports on the compatibility of the observed excess in the11

H ⌅ WW(⇥) ⌅ e⇥µ⇥ search arising from either a spin-0 or a spin-2 particle with positive12

charge-parity. Data collected in 2012 with the ATLAS detector favours a spin-0 signal, and13

results in the exclusion of a spin-2 signal at 95% confidence level if one assumes a qq ⌅ X14

production fraction larger than 25% for a spin-2 particle, and at 91% confidence level if one15

assumes pure gg production.16

c⇤ Copyright 2013 CERN for the benefit of the ATLAS Collaboration.
Reproduction of this article or parts of it is allowed as specified in the CC-BY-3.0 license.
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- FTK Reminder.
     - Basic Performance 
     - Re-fitted Tracks

- FTK in the b-jet trigger.
      - Performance wrt Offline.
      - b-tagging more jets
      - Track b-jet finding/tagging  

- Conclusions

Outline
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FTK in HLT:
  Operates at the full (100 kHz) L1 output rate.
  Provides Full Scan Tracking w/ O(100 µs) latency
  FTK Tracks input to HLT
  Track finding:
       - PT > ~1 GeV / |d0| < 2 mm / |z0| < 110 mm 
       - 5 track parameter / list of hits / χ2 estimate
       -  ~90 % efficient wrt full offline tracking 

Fast TracKer:  
  Hardware system to perform global tracking in IBL + Pixel + SCT.
  Done using:
      - Highly parallel processing system, cope w/large data volume.
       - Custom Associative Memory chips for pattern matching.
       - FPGAs:  Track fitting / Data Preparation / Ambiguity Resolution /... 

Reminder

3

~ seconds

Run I L240 ms

from LHC

Level 1

HLT

FTK
 ~100 µs
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In FTK, track parameters estimated by linear approximation.

Re-fit tracks found by FTK system w/offline-like track fitter.  
  - Feasible: Most time of track reco. is in pattern rec. step.
  - Better Estimation of track parameters. 
  - Refined χ2 allows reduction of fakes. 

Track Parameters
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Foresee three main areas where FTK can enhance b-jet trigger slice 

-) Improve B-tag Performance in ROIs.                               (“Type-I”)
    - Baseline FTK / Refitted tracks. (See below)
     - Fast tracking buys time for more advanced time consuming taggers.
          (eg: ~MV1 at L2-like latencies)                                          (not yet investigated) 

-) Tag ROIs before L2 Pt Cut                                               (“Type-II”)
    - Current system reduces rate with pT cut first step, then do L2 tracking/tagging
    - Tagging full L1 output rate first allow keep acceptance at low Pt (Low: <50 GeV!)

-) Full scan b-tagging / independent of L1_ROIs :                  (“Type-3”)
     - Allow to run b-jet finding / b-tag in unseeded  
     - Run in high rate L1 items: L1_MU_xx / L1_EM_xx  / L1_VBF / L1_HT   

FTK in b-Jet chains

5
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“Type-I” Improvements
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Nominal FTK Impact Parameter
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Figure 12: Transverse impact parameter and transverse impact parameter significance of tracks associ-
ated to light-flavor (black) and heavy-flavor (red) jets. The solid lines show the distribution for the o✏ine
tracks, whereas the points show the FTK tracks. The left-hand plots show the distribution in the barrel
and the right-hand plots show the distribution in the end-caps.

• A hit in the inner pixel layer (IBL).332

For the re-fitted tracks, the �2/d.o.f. is required to be less than 2.333

The transverse impact parameter distribution is the basic input to b-tagging. This distribution is334

sensitive to the long lifetime of particles within the b-jet and provides a means of separating b-jets from335

light-flavor jets. The transverse impact parameter and its significance are shown for tracks associated to336

light-flavor and heavy-flavor jets in Figure 12, for both the FTK and the o✏ine tracks. The transverse337

impact parameter significance is defined as the transverse impact parameter divided by its associated338

uncertainty. The FTK track d0 uncertainty is paramaterized in ⌘ and pT from measurements of the track339

parameter resolution. The impact parameter is signed such that track displacements in the direction of340

the jet have positive values, while tracks with displacements opposite of the jet direction are negative.341

A longer positive tail is present for tracks associated to heavy-flavor jets for both the o✏ine and FTK342

tracks. The light flavor jets have a symmetric distribution with much smaller tails, allowing for good343

separation between the two classes of jets. The FTK impact parameter distribution shows longer tails344

and wider resolution than for the o✏ine tracks. Some of this di↵erence is absorbed by the larger assigned345

uncertainty for FTK tracks, and closer agreement is seen for the impact parameter significance.346

Figure 13 compares the re-fitted FTK tracks with o✏ine tracks for the the same impact parameter347

distributions. With the re-fitted tracks, the longer light-flavor tails seen in the FTK are eliminated, while348

retaining e�ciency for the large impact parameter tracks in the b-jets. The narrower d0 significance core349
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Figure 13: Transverse impact parameter and transverse impact parameter significance of tracks associ-
ated to light-flavor (black) and heavy-flavor (red) jets. The solid lines show the distribution for the o✏ine
tracks, whereas the points show the re-fitted FTK tracks. The left-hand plots show the distribution in the
barrel and the right-hand plots show the distribution in the end-caps.

for FTK refitted tracks is a result of overestimated impact parameter uncertainties for the refitted FTK350

tracks.351

As a baseline for studying b-tagging performance using FTK, a simple impact parameter based b-352

tagging algorithm has been developed. This algorithm uses the transverse impact parameter significance353

of tracks associated to jets in a likelihood to distinguish b-jets from light-flavor jets. No attempt is354

made to use secondary vertex information. In the remainder of this section, the performance of the355

FTK b-tagging is shown using this b-tagging algorithm. Incorporating secondary vertex information in a356

more sophisticated b-tagging algorithm will be studied in the future. The performance of this algorithm357

using nominal and refitted FTK tracks is compared to the corresponding performance using HLT or358

o✏ine tracks in Figure 14. The nominal FTK tracks perform similarly to Level-2-like tracks, whereas a359

significant gain in performance is seen when using the re-fitted FTK tracks.360

In the following, two b-tagging scenarios are considered; one in which the b-tagging performance in361

the trigger is equivalent to that of the Run 1 Level-2-like or nominal FTK tracks, and one in which the362

b-tagging performance is given by that of the re-fitted FTK or o✏ine-like tracks. The gain in b-tagging363

performance of the re-fitted FTK tracks over the Level-2-like tracking clearly demonstrates an example364

of the “type-I” improvements provided by FTK.365

It is important that an FTK-based trigger selects events useable by the o✏ine tagging algorithms.366

Figure 15 shows the o✏ine b-tagging algorithm e�ciency versus the light-jet rejection for a sample of367

Re-fitted FTK Impact Parameter
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“Type-II” Improvements
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Figure 24: Working points from a draft run-2 menu along with some examples of re-optimized working
points in which the b-tagging is run with lower jet thresholds. Each of the working points shown includes
a pre-selection requiring four L1 jets above 20 GeV. The output rates of the various trigger items are
shown as a function of the event-level signal e�ciency for an exotic 4b signature (G(m = 300GeV) !
hh ! 4b). All operating points assume the nominal FTK performance for the upper plot and the re-
fitted FTK performance for the lower plot. The black points show proposed b-jet items that will fit into
the HLT constraints without FTK, red points show options with significantly larger input rates possible
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10

Performance with FTK refits

X(300)→hh→4b
Similar kinematics as non-resonant di-higgs 
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  - Trigger at L1 independently of b-jet requirement
  - Reduce rate in HLT by adding FTK b-tag track jet 
  - b-jet finding and tagging independent of L1 ROIs.

“Type-3” Improvements
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  - Trigger at L1 independently of b-jet requirement
  - Reduce rate in HLT by adding FTK b-tag track jet 
  - b-jet finding and tagging independent of L1 ROIs.

“Type-3” Improvements
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- Trigger on the VBF jets at L1.
     - Use “J-J” / “J-FJ” / “FJ-FJ”
     - Mjj from L1 Topo to reduce rate
- Add b-tags in HLT to reduce rates

Example: L1 VBF
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VBF Menu Proposal
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VBF L1 Menu Proposal 

J20_J30
Mjj 350

J20_FJ30
Mjj 400

J30_FJ20
Mjj 400

2FJ20
Mjj 50

VBF L1 StrawMan StrawMan + VBF L1

Efficiency (%)
(VBF inclusive)

16.9 15.4 18.0 9.2 31.6 28.3 41.0

Efficiency (%)
(VBFHbb Mjj>800)

28.6 29.2 37.1 11.6 76.5 37.6 64.7

Rate (kHz) 4.3 4.9 4.7 2.7 4.5* 10.9 -

StrawMan Items:
(1) 4J 20
(2) J 100 
(3) HT 200
(4) JF 100
(5) 3J 50

* The rate is unique with respect to the StrawMan items listed on top together with 
another StrawMan item: 2TAU12I_TAU20J25:DR28

For first pass propose the following items for L1 VBF trigger:
  - J20_J30_Mjj350
  - J20_FJ30_Mjj400
  - J30_FJ20_Mjj400
  - 2FJ20 opposite hemispheres
        (Use Mjj > 50 for now, large uncertainty in rate prediction. )

Strawman
 4J20/J100/HT200/

FJ100/3J50

*Unique rate w.r.t:
 Strawman + 2TAU12I_TAU20J25:DR28

OR of 
proposed 

VBF Items

59.8

400INVM-AJ30s6-AJ20s6 
350INVM-AJ30s6-AJ20s6_3J20

Current L1 Strawman:
   VBF inclusive  and  VBF + jet:
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  - Trigger at L1 independently of b-jet requirement
  - Reduce rate in HLT by adding FTK b-tag track jet 
  - b-jet finding and tagging independent of L1 ROIs.

“Type-3” Improvements

14

In following, study efficiency of track jet finding w.r.t. offline.
 - Using µ=60 ttbar sample.
 - Run fastjet (anti-kt 0.4) on passing tracks.
 - Apply standard FTK Track selection:
              pT > 1 / d0 < 2 / |z0×sinθ| < 2 mm / nSi 
 - Require Jets to have:  Pt > 5 GeV / nTrks > 2.

FTK Track Jets
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Taus are limited at L2.   
   1st)   Pt-cut 
   then) Calo-based ID 
   then) Run Tracking

Taus

16

FTK you can reduce the rate using tracks right away. 
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FTK will be reconstructing ~ 10 MHz of unbiased pp-collisions
      (~µ100 @ 100kHz)
Another way of putting it:
      pp collisions at ℒ ~ (1/400) × 2 × 10^34 cm-2s-1

Physics in the Pile-up

20

Unique opportunity for signatures which:
   -) are hard to trigger on at L1.
   -) have distinctive tracker activity. 

Rules of thumb: 
  If competing with:
         LHC   searches/measurements: win if εL1 < 1/400.
         LHCb searches/measurements: win if εL1 < 1/8.
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FTK will be reconstructing ~ 10 MHz of unbiased pp-collisions
      (~µ100 @ 100kHz)
Another way of putting it:
      pp collisions at ℒ ~ (1/400) × 2 × 10^34 cm-2s-1

Physics in the Pile-up
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Unique opportunity for signatures which:
   -) are hard to trigger on at L1.
   -) have distinctive tracker activity. 

Rules of thumb: 
  If competing with:
         LHC   searches/measurements: win if εL1 < 1/400.
         LHCb searches/measurements: win if εL1 < 1/8.
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Excited about the possibilities of using FTK in the b-jet trigger slice!

Opportunities for improvements along three fronts. 
   - Refitted FTK Tracks improve performance/overlap w/offline
   - Significant gains by lowering pt thresholds
   - First FTK Track Jet finding results look promising. 

Work currently being documented in FTK Performance note.

Conclusions

23



N
o

t
r
e
v

i
e
w

e
d

,
f
o

r
i
n

t
e
r
n

a
l

c
i
r
c
u

l
a
t
i
o

n
o

n
l
y

Draft version 1.0

ATLAS NOTE
February 26, 2013

Study of the spin of the Higgs-like particle in the H ! WW(⇤) ! e⌫µ⌫1

channel with 20.7 fb�1 of
⇧

s = 8 TeV data collected with the ATLAS2

detector3

The ATLAS Collaboration4

Abstract5

Recently, the ATLAS collaboration reported the observation of a new neutral particle6

in the search for the Standard Model Higgs boson. The measured production rate of the7

new particle is consistent with the Standard Model Higgs boson with a mass of about 1258

GeV, but its other physics properties are unknown. Presently, the only constraint on the9

spin of this particle stems from the observed decay mode to two photons, which disfavours10

a spin-1 hypothesis. This note reports on the compatibility of the observed excess in the11

H ⌅ WW(⇥) ⌅ e⇥µ⇥ search arising from either a spin-0 or a spin-2 particle with positive12

charge-parity. Data collected in 2012 with the ATLAS detector favours a spin-0 signal, and13

results in the exclusion of a spin-2 signal at 95% confidence level if one assumes a qq ⌅ X14

production fraction larger than 25% for a spin-2 particle, and at 91% confidence level if one15

assumes pure gg production.16

c⇤ Copyright 2013 CERN for the benefit of the ATLAS Collaboration.
Reproduction of this article or parts of it is allowed as specified in the CC-BY-3.0 license.

Backup

24


