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Outline

Tevatron performances

CDF trigger system

h Recent upgrades:

« online tracking
 calorimetric trigger
Why?

How?
Impact on Physics?




Tevatron & CDF

CDF is a multipurpose detector

------

Silicon Vertex Tracker
Drift chamber

calorimeters

Muon detectors



Physics at hadron colliders

Fermilab

Cross sections for particle
production vary by a factor > 10%°

At Tevatron, 1 Higgs over 10%°
collisions
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mt0p= 175 GeV \E‘

CDF, Db
(PP

Events / sec for £

O Higgs
— i MAX
m,, = 500 GeV : O *BR,, : mH=100 GeV

SM
O +BR4; : mH=180 GeV

0.001  0.01 rOJT V1-0 Crucial the increase in luminosity,
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Tevatron luminosity

Integrated luminosity

6 fb! on tape

2.00

5 fb! for next summer conferences

0.00

Run Integrated Lﬁminosity [ph"]

Weekly Integrati

Average initial instantaneous lumi
> 3.0 1032 cmst [ ey ogred Luminosiy

Peak luminosity increasing!

more data but...

pile-up = high detector occupancy

exponential increase in trigger

(%] [x) [x)
Peak Lum 20x Average

rates

Need for trigger upgrades!
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2.53 MHz
synchronous
pipeline
Accept rate <
20 kHz

asynchronous 2-

stages pipeline
Latency 20 us

Accept rate <
1 kHz

PC farm
Accept rate <
100 Hz

CDF Trigger system
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At each level it can trigger on
» calorimetric objects

* muons

* tracks

reconstructed with

increasing resolution



Why upgrade?

Not only for rate reduction....

Increase purity of

collected samples
Trigger selections

with offline-like variables

More available bandwidth

Increase efficiency
on signal events Lower thresholds

In trigger selections




Main upgrade tool: the Pulsar Board

Design phylosophy:
« Interface any user data with any any link format via mezzanine cards
 modular, self-testable

Custom Mezzanine

AUX card

A =i G T

e — -

Three ALTERA APEX 20K400 FPGAs

Pulsar website: http://hep.uchicago.edu/~thliu/projects/Pulsar/



CDF trigger upgrades summary

Collider Run Il Peak Luminosity Gigafitter upgrag
L1MET upgrade, ..

L2 track interface upgrade .|
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Online
tracking upgrades



Online tracking at CDF

eXtremely
Fast Tracker
(XFT)

Silicon Vertex
Trigger (SVT)
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Online tracking at CDF

eXtremely
AN Fast Tracker Displaced tracks:
(XFT) * B-physics,
« Zbb
Silicon Vertex

Level 2 Trigger (SVT)

CDF Run Il Preliminary L=584 pb'1

¢ Data
bl
B background

]z - bbMe

Events per 2 GeV/c™



Online tracking at CDF

High-Pt and low-Pt

leptons S EnEY

Y Fast Tracker Displaced tracks:
Electron and muon (XFT)  B-physics,
triggers: « Zbb
» Track Silicon Vertex

Level 2

« EM cluster or muon
stub

Trigger (SVT)

Tevatron Run Il Preliminary, L=0.9-4.2 ib™

95% CL Limit/SM

100 110 120 130 140 150 160 170 180 190 200

ol
Higgs xsec limit A

M. (GeVic®)



XFT

XFT AXIAL
segments

Drift chamber

8 layers (alternate stereo and axial wires)
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XFT

XFT AXIAL
segments

Drift chamber

8 layers (alternate stereo and axial wires)

L2 CMX6_PT15_v1 Cross Section vs. Inst. Lum |

_ Increasing trigger rates!
_(central muon trigger)
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high lum 270 Hz @ 1.8 10711

gh occupa

- Cross Sectiog (nb)
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(L2 < 1 kH2)

80 100 120 140 160 180
Ave. Inst. Luminosity (E 30 cm-2 s-1)



XFT upgrade - L1 & L2

Use data from wires in the outer 3 stereo layers to CONFIRM the presence
of real tracks.

axial T,
segments

\ s
\ pie
X\
\\
\

Stereo
segments
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XFT upgrade - L1 & L2

Use data from wires in the outer 3 stereo layers to CONFIRM the presence

of real tracks.

axial ,_
segments

o
P
\ o
\ g
\
\\
\

Stereo.

segments

Correlation between
« azimuthal position
of the axial track
e distance to the
associated stereo
pixel

Expected pixel Measured pixel
location (z = 0) location (z 2 0)
¥

‘_..—_.*..

apixel (S5L7)

Apixel (5L5)
5L5 has opposite stereo ang

kq_f N

Apixel (SL3)
Axial Track
Extrapolated to
Stereo Layers
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XFT upgrade - L1 & L2

Use data from wires in the outer 3 stereo layers to CONFIRM the presence
of real tracks.

FT Tracks Malched ta Cifline

aXi A l :
segments

— il Correlation between =

i L [ - azimuthal position ‘= “Real tracks
Y S of the axial track —
 distance to the

SO  associated stereo
segments JRTRN

EFT Tracks nat Matched to Dfflina

* more processing time available

 run stereo track reconstruction algorithm

e get z position and polar angle 6 L8



Trigger rate (Hz)

Impact on trigger rates

15 GeV muon trigger(.6<n <1.0

® 15 GeV axial track

15 GeV track + SLAM confirmation

L1 muon

trigger

180 180 200 220 240

Luminosity (XxE30 cm-—s-1)
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Impact on trigger rates

Cross Section {nb)

—e— |2 CMX6_PT15
15 GeV muon triggerD.6<n <1.0

—¥— + L1 stereo confirmation

Trigger rate (Hz)

® 15 GeV axial track
= 15 GeV track + SLAM confirmation +— + L2 stereo reconstruction

L2 muon
trigger

p——
o e o o, SR oo cowEg | ¢ :
100 120 140 180 180 200 290 240

Luminosity (xE30 cm'zé'l)

250 300
Luminosity (xE30 cm—s-1)

east
muon
chamber

3-D tracks available at L2:

e tracks matched to muon chambers

20
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More details in

the IaSt CDF upgrade... M.Bucciantonio

poster!

GigaFitter : online tracking processor developed as upgrade of

CDF SVT track fitter to improve its performances at high luminosity

Pulsar + new mezzanine using
modern FPGA (Xilinx V5)

/ High speed/parallelization/computation power —» > 1 fit/ns

_ Current system = 16 boards
elF = L seel ﬁ(lz Track Fitters + 4 merger boards)

More memory available to store track candidates — increase track

\reconstruction efficiency )2‘




L1 & L2 calorimetric trigger
upgrades

22



L2 calorimetric trigger

L2_CJETY0_JETH0_L1_MET25_v4 Run_211554_CrossSection_vs_BOILUM 340

S —

---------------------------------------------------------------------------------

...................................................................

Entrlies 340

----------------------------------------------------

------------------------

------------------------------------------------------------------------------------------------------------------------------

L2 cluster algo “Pac-Man” BN T T o i
merged true / fake jets OLD SYSTEM
together

lumi_E30

low Et jet = high Et jet

multi jet event - single jet event

... and used only 8-bit tower energy information
(10-bit available) 23



L2 calorimetric trigger upgrade

UPGRADE:
» fixed cone jet clustering algorithm
e full resolution (10 bits) for Sumet/Met calculation at L2

32-bit @ 40 Mhz

Gl o

outputs

96 LVDS cables o)
_’ Pulsar Crate ' '

40-bit word/cable

@ CDF_clk (132 ns) ' Clustering
Data transfer latency on average within ~10 us ; timing ~

(6) outputs
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Trigger rates and resolutions
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¥,
L]
V

53

50

100 150 200 250
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L1 Met upgrade

After L2CAL upgrade, push L2 Met resolution down to L1

to L1

L1 MET Pul . .
disar Global Decision

Pulsar Crate 6 slink

Q
| [fpvnz

32-bit @ 40 Mhz
96 LVDS cables Pulsar Crate | Slink merger | 32-bit @ 40 MhZ
) —OSlN Pulsars

outputs

PC

outputs
96 LVDS cables [ so vz P

_’ Pulsar Crate 6 slink

40-bit word/cable
CDF_clk (132 ©) outputs i .
@ el fisz e 80 MhZ, Clustering
Data transfer latency on average within ~10 us , Liming ~




L1 Met upgrade

1 ................. __‘:_‘

o
o

After the upgrade, at L1 same

o
[}

Met trigger capability of the L2

Trigger Efficiency

draresrasraredensnararnrsarrarefrasearssrammaclroresriineriitarditertaiiaariarar g rareseniars i B raa e renraaarasfararrarnasare

20 25 30 35
L3 Met (GeV)

Increased flexibility of L1
Met based triggers

MET35 & TWO_JETS trigger

: Level-3 ME, (scaled)
(used to select ZH-vvbb) — Old ME, > 35 GeV

New ME, > 35 GeV
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After the upgrade, at L1 same
Met trigger capability of the L2

Increased flexibility of L1
Met based triggers

MET35 & TWO_JETS trigger
(used to select ZH-vvbb)

20 25 30 35
L3 Met (GeV)

offline cu

Level-3 ME, (scaled)
— Old ME, > 35 GeV

New ME, > 35 GeV

28



L1 Met upgrade

T o ¥ L S o H
3 3 -~ H = H
: : Al . i : '+'

-

o
o

After the upgrade, at L1 same

o
[}

Met trigger capability of the L2

Trigger Efficiency

L1 Met > 15 GeV

20 25
L3 Met (GeV)

ME, Efficiencies

Increased flexibility of L1 1 -
] new offlinglcut ? ,
Met based triggers 08 offline cu

e
)

Y
£
2
<
£
1]

o
=

MET35 & TWO_JETS trigger S e
(used to select ZH-vvbb) _ OldME, > 35 GeV

New ME, > 35 GeV
New ME, > 15 GeV
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Applications

30



Met-dijet trigger

very simple architecture
L1 Met > 28 GeV

L2 Met > 28 GeV, 2 jets

A single trigger for WH and ZH channels

ZH
vizbb pipebb

High efficient ; 91.8% 86.9%  85.8%
75 K% 132G, 71 6%

66.3%  63.7%  59.5% 8.3%  60.2%

nmulative with
Excellent complement to At
. friggers MET_DIJET

leptonic triggers g8
61.2% 85.4%

22.1% 74.5%

11.3% 62.8%



Increased WH acceptance

Offline isolated tracks

Met - dijet trigger

The addition of the non-triggered lepton increases WH - |v b-bbar
acceptance by ~ 25% (recovers Eta and Phi gaps in muon detectors)

: age CDF Muon Coverage
P h I T o T CMUFP Mucns : - ‘] —_— T J T

CHME Muans

32




dijet- btag trigger

Trigger optimized for the selection of events rich of b-jets (H— b-bbar)

Complementary to
SVT track XFT track Met based triggers

3D match al L2 between (ZH - vvbb)
x 3D track

¥ New Trig — sim.
— New Trig —

Efficiency on signal events

Cross section (nb)

H - bb :/ 12.7%

® = bb ) 11.2%
Z - bbb == 54%




Conclusions

CDF trigger has undergone many upgrades to cope with Tevatron

increasing luminosity / \

Pulsar board: common tool, Increase trigger variables quality
very flexible « 3D tracking

« offline-like jet clustering algorithm

Up to 2010 (2011) more than 2.5 fb! (5 fb) will benefit of the upgrades

Online selection with offline-quality variables can greatly improve

the physics reach of the experiment.
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BACKUP
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XFT upgrade

Axial Linking segments
XFT Finding .3'“:5

Finding segments /Into tracks

— [

TDC :': i Trigger
: Supervisor
L1 :

Decision

L2 Decision

Runs Stereo

Optical Fibers Track
Reconstruction

Algorithm and

Vi 2.5kB “ _
".- == every L2 Trigger |
{ L1 Accept m“ A/Ignnthms
i ~ 7.5 Higher |

' Combine hitsinto  Resolution Data |
' track segments, Sparsified
' measure phi position Merge and Trigger
and slope L2 concatenate  sypervisor
stereo pixel info

L1 upgrade improves fake rejection by a factor 3 to 5 and is 97% efficient
L2 further reduces the trigger rate by a factor of 3 and is over 99% efficient



XFT upgrade

Merging and transmission of the Stereo Data

The Pulsar board merges the Stereo segments and re-formats them into a S-
LINK 32 bit word standard packet.

The S-LINK data format allows the comunication between the Pulsar and the
FILAR card (Four Input Links for Atlas Readout) to the L2 PC

FILAR = high bandwidth S-LINK-to-PCl interface card

L2 decision PC: Dual Core AMD Opteron 290 2.8 Ghz (4 cores), 2 GB RAM,
gentoo Linux

XFT stereo data volume = 1.5 to 3 kB per event (> 50% of the data volume
transferred through the PCI bus)

37



XFT upgrade

Stereo reconstruction algorithm

» each axial track is extrapolated to each of the 3 outer stereo layers

« at each layer, the track segments corresponding to = 3 cells centered near
the extrapolated ¢ position of the track are unpacked

» the slopes of the extrapolated track are obtained at each stereo layer

 the stereo pixel across different stereo layers are combined into triplets
and z and cotan(6) are measured (chi2 likelihood minimization)

Zy = —4.606 ASLT 4+ 1.032 ASL5 +6.444 ASL3

cot{f) = 0.0689 ASL7T + 0.0008 ASL5H — 0.0581 ASL3
70 Rosolution

6026 Entrlas G026
0004405 400 Mean -0.375
0.1353 o AMS 12.50
B5.82/ 4 = 27 nif 131/ 69
621.7 + 8.9 constant 430.1+6.9
Rbem o

04204 + 00044

Slgma 10,84 £ 010




L > 200 10"°cm=st - ~ 6 pp
interactions per bunch crossing,

high COT occupancy

overlapping patterns of hits
incorrectly identified as high

momentum tracks

" fake track

39



XFT and SVT resolutions

- eff > 96% ( p, > 1.5 GeV)
° GpT/pTz -~ 2%

XFT e0, ~ 2 Mrad

0
o .. =0.11

coto
«c,=11cm

- eff ~90% (p, > 2 GeV, d, <1 mm)
*«G,, ~ 35 um

SVT + 6. ~ 0.003 p,2

*C, ~ 1 mrad

40



CDF Run Il Preliminary, L=2.0-3.6 fb™

H—WW SS 3.6 fb” Obs WH+ZH—jjbb 2.0 fb™" Obs
H--WW SS 3.6 fb™ Exp WH+ZH—+jjbb 2.0 fb™ Exp
H—-tt 2.0 fb™' Obs WH+ZH—-bbMET 2.1 fb” Ob!
H—-tt 2.0 fb™' Exp WH+ZH—-bbMET 2.1 fb” Exp
ZH—lIbb 2.7 fb™* Obs WH-—-Ivbb 2.7 fb™' Obs
ZH_-llbb 2.7 fb"' Exp WH—Ibb 2.7 fb"' Exp
H—WW OS 3.6 fb' Obs
H--WW OS 3.6 fb™! Exp
Combined Obs
Combined Exp

CDF Run Il Preliminary, L=2.0-3.6 b

Pt : xpected
LEP Limit S Observed

~+1o Expected
| x20 Expected

-
(=]
—h
o
w

=
= [72)
w =
2 [=
E r
| -
- (&)
2 5
fn »
[=2]

100 110 124 130 140 150 160 170 180 190 200
m,,(GeV/c?)

100 110 120 140 150 160 170 180 190 200
m,, (GeV/c?)

Low mass region difficult

Search for H =» b-bbar in association with W ->1v orZ - vv, |l

fundamental b-tagging Ilepton ID




L1/L2 CAL upgrades

Other

L2 paths
Global
Level 2
8bitsl |4 . Global
algo Level 1
L1 Cal \

10 bits

Calorimeter L1 paths G




L1/L2 CAL upgrades

e

L2 Cal

10 bits New L2CAL R NevxélLZOCAL
path J

%E L1 ] Global
algo Level 1
L1 Cal \
10 bits &\

Other
L1 paths

Calorimeter




L1/L2 CAL upgrades

e

L2 Cal

10 bits New L2CAL R NevxélLZOCAL
path J

A

M’T L1 }J New L1 Met % Global
algo algorithm Level 1
L1 Cal \
10 bits ﬁ\
Other
L1 paths

Calorimeter




L1 Met upc rade

.__...__...__.._.........._..:_...__..._......_' ................ E ............. _‘-‘;*.i_ﬁ"' ...... I_ ______ _+__ ...... I— +

1 MET > 15'G€V§ 5
2 MET > 20GeVy? ---------------- ----------------

Level‘ )

=
o

Different MET resolutions at L1 and
L2 = cannot lower MET threshold at L2

\H—H-‘ﬁi

o
[=)]
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A Level‘ 2 :
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Calorimetric trigger — some details

It triggers on electrons, photons, jets, SumEt and MEt

Calorimeters are divided in towers (EM and HAD)
Information from towers id digitized every 132 ns

Physical towers are summed into trigger towers, weighted to yield transverse
energy

15° A¢, 0.2 An

Calorimeters = 24 x 24 map in n—¢ plane
(576 trigger towers)

10-bit energy resolution (LSB =
125 MeV, full scale 128 GeV)

OLD SYSTEM

L1CAL used only 8-bit trigger tower energy (LSB = 250 GeV, full scale 64 GeV)

L2CAL, hw based system, used SumEt and Met information directly from L1CAL




Calorimetric trigger — some details

NEW SYSTEM

Fixed cone algorithm:

» finds and orders the seed trigger towers in Et

* it clusters in Et in a fixed cone arouund the largest seed (no iteration)
* it flags used towers

* it repeats until all seeds are used Seed threshold = 3 GeV

* it orders the found clusters Shoulder threshold = 1 GeV
* cluster n and ¢ are weighted by Et

SumEt and Met are recalculated using the full 10-bit resolution

JETET > 40 GeV

—Fixed cone clustering

—0ld clustering

— 10-hit L1 M=t
8-bit L1 Msat
—— B-bit L7 Mat
— Crigiral L1 Mat
80 100
NTowers




Tevatron projections

FY10 start =T 9.32 fb”

O Highest Int. Lum

O Lowest Int. Lum

Estimated delivered

luminosity at the end
of 2010

S " FY09 start

o n 2 : ? i
e Ly e e s L
I _|\1 ”rs. P 1:.':""' el

if running in 2011 -> 11.8 fb'!

expect at least doubled luminosity by the end on 2011
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CDF status

Extrapolation from linear fits

w0
o
o

4
Inversion Point Lsdelar beaakdawin

._\‘
—— SGS Thomson ladders (standard narbgws)
Hamamatsu ladders (wides) 3

= Micron laddears (oxygenated narrows)

46 (out of 48) ladders plotted

2000 4000 6000 8000
Luminosity [pb ']

* S/N ~ 5/6 good for physics
* S/N ~ 3 goof for high-Pt b-tagging

CDF Il Preliminary j Ldt=4.6fb"

0 SVX layer 4
CSVvX layer 3
Bl SVX layer 2
0 SVvX layer 1
@ SVX layer 0
ElLo0

4 5 6 7 8 9 10

Integ. Luminosity [fb™]
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