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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.

New Trigger Capabilities with FTK
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- Reminder of Current Trigger Scheme

- FTK: Track Trigger Upgrade

- Physics in the Pile-up 

- Potential applications for exotics Higgs

Outline
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- LHC provides orders of magnitude more collisions than can save to disk.
- Interesting physics is incredibly rare:  (Higgs ~ 1/billion )

Triggering in ATLAS

3

~ seconds

Early HLT (L2) ~40 ms

Level 1

High-level
Trigger

40MHz

100 kHz

1 kHz (GB/s )

(50 TB/s )

(150 GB/s )

Collisions from LHCCurrent ATLAS Trigger system

Level-1
  - Keeps 1/400 input events in ~3 µs
  - Custom hardware. 
  - Decisions using  Calo/Muon detectors 
  - Defines ROI. Narrow η-φ segments

3 µs
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- LHC provides orders of magnitude more collisions than can save to disk.
- Interesting physics is incredibly rare:  (Higgs ~ 1/billion )

Triggering in ATLAS

4

Current ATLAS Trigger system

~ seconds

Early HLT (L2) ~40 ms

Level 1

High-level
Trigger

40MHz

100 kHz

3 µs

1 kHz (GB/s )

(50 TB/s )

(150 GB/s )

Collisions from LHC

High-Level Trigger
  - Keeps 1/100 events which pass L1.
  - Adds tracking information 
  - Processing seeded on L1 ROIs
  - 2 reconstruction flavors
      Quick and Coarse / Offline-quality

Level-1
  - Keeps 1/400 input events in ~3 µs
  - Custom hardware. 
  - Decisions using  Calo/Muon detectors 
  - Defines ROI. Narrow η-φ segments
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Fast TracKer

5

~seconds

~40 ms

Level 1

HLT

40MHz

100 kHz

3 µs

FTK
 ~100 µs

FTK

- Track trigger upgrade
- Hardware-based.
- Run at full L1 output rate
- O(100 µs) latency

- Provides tracks as input to the HLT.
- Full scan event tracking w/Si detectors
- No reliance on L1 ROI
- Track finding (baseline):
    - PT > ~1 GeV / |d0| < 2 mm / |z0| < 110 mm 
   - 5 track parameter / list of hits / χ2 estimate
   - ~90 % efficient wrt full offline tracking 
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FTK: Role in ATLAS Trigger.

9

- b-jet / τ Identification
    - Improve ROIs already looking at. 
    - Look at more ROIs
    - Seed-less track-jet finding tagging. 

- Tool for understanding / mitigating effects of pile-up in the trigger. 
   - Improve jets / missing energy measurements. 
   - Vertex counting 
   - Particle-flow

-) Enhancing Current Trigger:

-) Provide New Trigger Capabilities
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- b-jet / τ Identification
    - Improve ROIs already looking at. 
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    - Seed-less track-jet finding tagging. 

- Tool for understanding / mitigating effects of pile-up in the trigger. 
   - Improve jets / missing energy measurements. 
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-) Enhancing Current Trigger:
Has been priority for ATLAS 

-) Provide New Trigger Capabilities
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FTK: Role in ATLAS Trigger.
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- b-jet / τ Identification
    - Improve ROIs already looking at. 
    - Look at more ROIs
    - Seed-less track-jet finding tagging. 

- Tool for understanding / mitigating effects of pile-up in the trigger. 
   - Improve jets / missing energy measurements. 
   - Vertex counting 
   - Particle-flow

-) Enhancing Current Trigger:
Has been priority for ATLAS 

-) Provide New Trigger Capabilities
Focus of rest of the talk.
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FTK will be reconstructing ~ 10 MHz of unbiased pp-collisions
      (µ~80 @ 100kHz)
Another way of putting it:
      unbiased pp collisions at ℒ ~ (1/400) × 2 × 10   cm  s

Physics in the Pile-up

FTK: Providing New Capabilities.
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FTK will be reconstructing ~ 10 MHz of unbiased pp-collisions
      (µ~80 @ 100kHz)
Another way of putting it:
      unbiased pp collisions at ℒ ~ (1/400) × 2 × 10   cm  s

FTK: Providing New Capabilities.

34 -2 -1Example: L1 Accept from Muon

FTK will reconstruct full event (~80 collisions)   

Physics in the Pile-up

µ
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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 will be reconstructing ~ 10 MHz of unbiased pp-collisions
      (µ~80 @ 100kHz)
Another way of putting it:
      unbiased pp collisions at ℒ ~ (1/400) × 2 × 10   cm  s

FTK: Providing New Capabilities.

34 -2 -1L1 Accept from Muon

FTK will reconstruct full event (~80 collisions)   

Example:

Identify and veto vertex responsible for L1-Accept 

Physics in the Pile-up

µ
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FTK will be reconstructing ~ 10 MHz of unbiased pp-collisions
      (µ~80 @ 100kHz)
Another way of putting it:
      unbiased pp collisions at ℒ ~ (1/400) × 2 × 10   cm  s

FTK: Providing New Capabilities.

34 -2 -1L1 Accept from Muon

FTK will reconstruct full event (~80 collisions)   

Example:

Identify and veto vertex responsible for L1-Accept 

Other µ(~80) vertices reconstructed by FTK w/ no L1-bias 

Physics in the Pile-up

µ
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FTK will be reconstructing ~ 10 MHz of unbiased pp-collisions
      (µ~80 @ 100kHz)
Another way of putting it:
      unbiased pp collisions at ℒ ~ (1/400) × 3 10   cm  s

FTK: Providing New Capabilities.

34 -2 -1.
Effective pre-scale from L1-accept

Physics in the Pile-up



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.

17

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

Rules of thumb: 
  If competing with:
         ATLAS/CMS searches/measurements: win if εL1 < 1/400.
                     LHCb searches/measurements: win if εL1 < 1/8.

FTK: Providing New Capabilities.

FTK will be reconstructing ~ 10 MHz of unbiased pp-collisions
      (µ~80 @ 100kHz)
Another way of putting it:
      unbiased pp collisions at ℒ ~ (1/400) × 3 10   cm  s34 -2 -1.

Physics in the Pile-up
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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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Rules of thumb: 
  Start winning when competing with:
         ATLAS/CMS searches/measurements w/ εL1 < 1/400.
                     LHCb searches/measurements w/ εL1 < 1/8.

FTK: Providing New Capabilities.

FTK will be reconstructing ~ 10 MHz of unbiased pp-collisions
      (µ~80 @ 100kHz)
Another way of putting it:
      unbiased pp collisions at ℒ ~ (1/400) × 3 10   cm  s34 -2 -1.
Unique opportunity for signatures which:
   -a) are hard to trigger on at L1.
   -b) have distinctive tracker activity. 

Physics in the Pile-up
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- Physics in pile-up near-miss for exotic higgs.

- h→(soft tracker activity) can live off  W(ℓν)h production
    σ(Wh(→lν)) ×Acceptance(50%) / σ(ggF) ~ 1/300 (> 1/400)

- For exotic higgs, advantage in paring FTK with L1 items. 
  eg:  -) L1_VBF jets: VBF + (h→(soft))
         -) L1_MeT:        Zh→(νν+soft)
         -) L1_EM:         ggF → h→ γ(soft)   (eg: h→γφ)
         -) L1_Lepton:    W(ℓν)h when single ℓ pre-scaled in HLT

FTK: For Exotic Higgs

19
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- Track Multiplicities.
      - N(tracks) > XX GeV 
      - N(isolated tracks) > Y GeV

- Track jets: (B-Tagging/ 3-prong τ-tagging (?) )  

- Charged particles resonances  

- Displaced vertices ???
     - Baseline Tracking |d0| < 2mm
     - Can potentially extend with limited efficiency.  

- Others ???

Ideas for Tracker Activity

21
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- Track Multiplicities.
      - N(tracks) > XX GeV 
      - N(isolated tracks) > Y GeV

- Track jets: (B-Tagging/ 3-prong τ-tagging (?) )  

- Charged particles resonances  

- Displaced vertices ???
     - Baseline Tracking |d0| < 2mm
     - Can potentially extend with limited efficiency.  

- Others ???

Ideas for Tracker Activity

22

Should Target: 
   - Output rate O(10 Hz)
   - HLT rejections of: 
       -10e4 @ full L1 output rate 
      - 10e3 w/L1 item ~10kHz 
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- Adding triggering capabilities,
            changes potential physics reach.    

- FTK will reconstruct an enormous unbiased pp dataset
     - Rate ~3 orders of magnitude larger than Run1.  

- Potential opportunity for signals w/little-no L1 signature 

Conclusions

23
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Backup

24
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- Found the Higgs.               

LHC Run 1 Legacy

25

- Excluded simplest expected SM extensions.  

- Learned how to live with pile-up ...

- Excluded even more unexpected extensions to the SM.  

Number of primary vertices
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Data
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: N(1 jet)/N(incl)µµ →Z 

... use the tracker.  
       (Its how we’re able to color the lines.)
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Example: jet-counting.
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Where do we go from here?

26

Planned and approved next steps for the LHC 

Run-1

Now

13-14 TeV
ℒ ~100/fb
µ~50

Run-2 Run-3

13-14 TeV
ℒ ~300/fb
µ~60-80

7-8 TeV
ℒ ~20/fb
µ~20-30
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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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- b-jet / τ Identification
   - Improve ROIs already looking at. 
   - Look at more ROIs
   - Seed-less track-jet finding tagging. 



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.

FTK: Enhancing Current Trigger.

28

- b-jet / τ Identification
   - Improve ROIs already looking at. 
   - Look at more ROIs
   - Seed-less track-jet finding tagging. 

B-quark-jets

Light-flavors jets 
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FTK Selection
HLT No FTK

- b-jet / τ Identification
   - Improve ROIs already looking at. 
   - Look at more ROIs
   - Seed-less track-jet finding tagging. 

Fixed output rate
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- b-jet / τ Identification
   - Improve ROIs already looking at. 
   - Look at more ROIs
   - Seed-less track-jet finding tagging. 
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- b-jet / τ Identification
   - Improve ROIs already looking at. 
   - Look at more ROIs
   - Seed-less track-jet finding tagging. 
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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
with FTK. The e�ciencies are quoted with respect to an o✏ine requirement of four identified b-jets and
include the L1 e�ciency. The trigger names specify the jet multiplicities, pT thresholds and b-tagging
operating points. For example, the “2b55 4j55 Medium” trigger requires at least two medium b-tagged
jets above 55 GeV and four or more jets above 55 GeV.

Upshot
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SVT FTK L1-Track

Event Rate 25 kHz 100 kHz ~500 kHz

#-Patterns 6 M 1,000 M O(B)

Detector 
Layers

5
(4-SVX / 1-COT)

12  
(8 + 4)

9-13

Track DoF 3 5 5

Input data 1,000 
hits/event

>200,000 
hits/event

O(M)
hits/event

Latency O(10µs) O(100 µs) O(10 µs)


