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oo eXtremely Fast Tracker = Level 1 Track
SIAIE Trigger

UNIVERSITY

* Role of tracking CDF Trigger System

Detector Elements

» Top, W/Z, Exotic Physics triggers
require High momentum electron and
muon Level 1 trigger candidates ‘ l

» Bottom Physics require low momentum .
tracking at the

Level 1 trigger
 electrons
J muons
O hadronic tracks
L1 Trigger Primitives
» Electrons: XFT track + EM cluster
» Muons: XFT track + muon stub

« L2 Trigger Tracks
» XFT Track + Silicon Hits

CAL ’ [ COT} [MUON} ‘ SVvX ’ ‘ CES ’

™ TSI/Clock
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?,;I?gé Overview of Existing XFT *

UNIVERSITY

Hit Finding: Mezzanine Card
» Hits are classified as prompt or
delayed (i.e. “2-bin”)
Segment Finding
> In the axial layers, search for

patterns of prompt/delayed hits
consistent with High Pt tracks

» Each segment found is assigned a
pixel (phi, all layers) and possibly
a slope (outer 2 axial layers only)

Track Finding

» Looking across 3 or 4 axial
layers, search for patterns of
segments consistent with Pt>1.5
GeV/c

» Resultant Pt and Phi of all >1.5
GeV/c tracks sent on to XTRP

» Maximum of 288 tracks reported

Good hit patterns are
identified as segment, then
segments are linked ‘as tracks

“ Tracks only found in
2-Dimensions (r,®)
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UNIVERSITY

« The XFT was designed for a
luminosity of:

> L=1x1032cm-2s! with
396nsec bunch
L<int/crossing> ~ 3

» L=2x1032cm2s! 132nsec
bunch

U<int/crossing> ~ 2
 Accelerator Performance

» Max luminosity attained:
1x1032cm-2s!

» EXpect to reach
L=3%x103%?°cm—2s! at 396nsec
bunch crossing

<int/crossing> ~ 9

JFactor of 3-4 above
design

?ﬁfﬁ% Why an Upgrade? ‘

| nteractions/crossing
o

=

10

T 10°
Luminosity (x 10> cm?-s1)
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Event : 382481 Hun: Iﬁﬁﬁ EventType : 1DATA pUnpresc: 1,35 ,31,23 .2

™~

. Z > ee at low lum.
*= 0 add. Int./crossing

Li=t o1 Tracrs
Id =3 phii eta

Cilf Tracks: first 5

157 -15.1 -2.2 1.0
152 5.7 0.9 -0.3%
117 1.2 0,3 6.2
132 -1.6 -0.1 6.1
115 1.2 1.6 -1.3

To =elect track tijpe e sl
Selectodf Track | Id) T ___.-:____.,:;‘-;-

ort Tracks: fir=t 5
] 5.7 0.2

To =melect track tipe=
CelectSrtTrack | Id)

_
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Evert : 382461 Kun: Iﬁﬁﬁ

™~

Z - ee at low lum.

Hiz=

*= 2 add. Int./crossing

Li=t o1 Tracrs

Id

cilf
157
152
117
11z
1ia

To =elect track tijpe
Selectodf Track | Id)

=t
]

To =melect track tipe=
CelectSrtTrack | Id)

_

=3 phii eta

Tracks: first 5
-15.1 -2.2 1.0
5.7 0.9 -0.3
1.2 0,3 6.2
-1.6 -0.1 6.1
1.2 1.6 -1.3

Track=s: fir=t 5
5.7 0.2

EventType : 1DATA pUnpresc: 1,35 31,23 24 32
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Event : 382481 Hun: Iﬁﬁﬁ EverntType : 1JATA pUnpresc: 1,36,

™~

Z - ee at low lum.

Hiz=

*= 5 add. Int./crossing

Lizt o1 1racks
Id =3 phii eta

Cilf Tracks: fir=t 5

157 -15.1 -2.2 1.0
152 25.7 0.8 -6.3
137 1.2 0.3 6.2
1iz -1.6 -1 ol
13a 1.2 1.6 -1.3

To =elect track tijpe
Selectodf Track | Id)

ort Tracks: fir=t 5
] 5.7 0.2

To =melect track tipe=
CelectSrtTrack | Id)
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Event : 382481 Hun: Iﬁﬁﬁ EverntType : 1JATA pUnpresc: 1,36,

™~

.. Z > ee at low lum.
*= 10 add. Int./crossing /#

Lizt o1 1racks
Id =3 phii eta

Cilf Tracks: fir=t 5

157 -15.9 -2 1.0
152 25. 0.9 -G
137 1.

I'd & 02 -] da
1
[l
Oy i I Ld
[

1iz -1.
13a 1.

[
i = [ L

—

To =elect track tijpe
Selectodf Track | Id)

ort Tracks: fir=t 5
] 5.7 0.2

To =melect track tipe=
CelectSrtTrack | Id)
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Event : 382481 Hun: Iﬁﬁﬁ EventType @ 1JATA

™~

Z - ee at low lum.

Hiz=

= 10 add. Int./crossing #.

Lizt o1 1racks
Id =3 phii eta

Cilf Tracks: fir=t 5

157 -15.9 -2 1.0
152 25. 0.9 -G
137 1.

1iz -1.
13a 1.

I'd & 02 -] da
1
[l
Oy i I Ld
[

[
i = [ L

—

To =elect track t'pe
helecttdfilﬂc}lI

ot

o

To =melect track tjpe=
CelectSrtTrack | Id)
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T%@ Two-Track Triggers ’

UNIVERSITY
e T T k Tri for B | L1 TWO TRK2.5 OPPQ DPHI135 SUMPT6.5 v2 |f 63.95/81
WO lrac rigger Toro - ——r——== o Prob 0.9183
Physics ) 5 5 5 .| po 1.013e+05 + 877.9
= 2000[ S 0z @
> 2 tracks p>2.5 GeV S ; 2 /}8 20011

» QOpposite charge
» pr(1)* p(2)>6.5 GeV
» 0(@< 135°

O) JSS sec

B
o

Prescale
H
N
o
o

« Quadratic growth
(overlaps + fakes) 100pb
» o(L=5E31)/0(L =0)=1.5

e Extrapolate:

» linear o(L=1.5E32) =
225ub = 34kHz

» Real (from overlapped MB)
o(L=1.5E32) = 500ub = L1: 30 kHz L2:1kHz L3:100 Hz
75kHz

[EEN
N
o
(=)

B PHYSICS_2_05|v-4,465
A PHY:SICS 2.05] v-3,46(

: : : PHYSICS_2_05]v-1,458
1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 I 1 1 1
10 20 30 40 50 60 70

. 2 .
Fri Jul 16 17:15:11 2004 Avg. inst. lum. (E30 cm™ s)

Expected Bandwidth (Accept Rate):
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AR What's needed: *
* Primary problem is the growth of fake tracks due to pattern
recognition problems:
Fake tracks can be
made from pieces

of different real
physical tracks.

 Need a way to model the highest luminosity running
» Simulations of the XFT System

» Study the effect of high luminosity running on a variety of triggers
dTwo-Track Trigger (low P5)

dSingle Track Trigger (high P;: Track Only) ;I'r.igger Rate Is t”he
QElectron Trigger (Track + Other object) Figure of Merit
e Consider modifications/additions to the current system

» Reduce fake rate
» Maintain resolution

Brian L. Winer DPF 04: CDF XFT Upgrade 27 Aug 2004; p.11




UNIVERSITY

%‘;ﬂé XFT Simulation of High Lum. ’

« All events are passed through a [ (v i o1

hit-level simulation fot- | B .
> Start with COT hits ot -_’_,-‘f- £ 1”
> Gives exactly the same answer .} oF jﬂ“ +

as hardware when run with =t T - i ]
same masks, roads and XFT hits = AL e | . q:ﬁ | (e | .

.-

XFT Pixels
-
EFT Fizild

-._f__;t;p- :
2

o EsEEEREEERE
]
=

t\

XFT Tracks

tr‘acks for axlal and XFT pixe|s HFT P s | s s i ity B | Gl T - _-,..|-||
Merging events “main” event
overlapping hits)
""'—;—Mergled +
J Offline tracks serve as
up to 4E32 ; _____ SUPURS T0 i A S __________________

> Outputs XFT hits, pixels, and L EEr
for stereo
e Simulate High luminosity by
With Zero biaS a- Linmanged & TT;?:':IEH |
> Merge COT hits (combine t——— T pe—r————
> Add traCkS from |nd|V|dua| i XFT Tracks vs Ins13r.'|13neousl_luminosi1y_ |
events together = . _ _ _
mg_;_']]_f U”m?fged : ﬁ'_ff@.’fﬁ_ﬁ'jﬁff_'ﬁ_fﬁff_'ﬁ_'ﬁ_ﬁ'j'_fﬁﬁ@ﬁ.ﬁ.ﬁ’.ﬁﬁ;ﬁ;@;ﬂf%
“truth” for the event S e
» This method allows us to probe _ R D antl
u_""'L""g'u""é'u""zgu'"'n?iiu"":a'g'u""aé'u"'_z'-#:?u,
Inst. Luminosity [em™s']
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%‘%&5 Upgrade Strategy e

UNIVERSITY

« Studied various upgrade paths
» Replacing Axial System (Use additional 264ns between crossings)
» Add information from Stereo Layers of COT <+ ]
» Doing both of above

* Advantages of Stereo Upgrade
» Gives us the fake track rejection that we need.

» Allows for more additional handles in trigger
 Track pointing to other trigger primatives (L2)
Possibility of Two-Track Invariant Mass Cuts (Understudy)
» Parallel Path to Axial System
d Commission parasitically.

e Only Minor changes to Axial System

1 Slight Changes to existing firmware.
U KEEP A WORKING SYSTEM
“* No extended downtime

We picked this.
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SI2 Stereo Simulation Implementation

UNIVERSITY

~. .. .~Expected pixel position (z=0) ) /Measured pixel position (z # 0)

) iy A A JrA_C?E__

—
Apixel (SL7)

Apixel (SL5) SL5 has opposite
— displacement from SL7

Upgrade adds 3
stereo layers. Use
full 396ns between

Current XFT crossings to send
uses 4 axial more precise hit
layers only information.

Stereo algorithm exploits
correlation expected for
real tracks

Brian L. Winer DPF 04: CDF XFT |
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OHIO

STATE Current XFT Configuration
UNIVERSITY
Ansley trigger cable (220 ft) ~2 m copper Cable Data Neighboring cards
Data @45MHz LVDS @33MHz (channel link) connf/cted over backplane
168 TDC
from COT ZA“):’iif 24 24 ey
ial | ' - LOMs
axial layer Finders Linkers 10 m of
cable to
Il I XTRP
24 crates 3 crates 3 crates
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OHIO

SIATE XFT Upgrade Configuration

UNIVERSITY

Ansley trigger cable (220 ft) ~2 m copper Cable Data Neighboring cards
Data @45MHz LVDS @33MHz (channel link) connected over backplane
168 TDC 54424
: 24
ol Linkers
Finders ~10 m of
cable to
XTRP
24 crates 3 crates 3 crates
New cable
(~150ft)
?ﬁé:\(/:l?_llzData ~3m optical Cable
@60.6MHz

2 crates Data to L2
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OHIO

STATE Impact on A Specific Trigger

UNIVERSITY

e Scenario C Two-Track Trigger

1. Scenario C Two Track Trigger, Ho Stereo l

I E - [T ¥ o Teacka
Lum = UE] R
[E32 cmesy |05 |10 [15 |20 |30 |f 0 EEEL |
2-Bin o[mb] |0.12 | 0.28|0.50|0.78 | 1.5 -

Stereo o [mb] | 0.08 | 0.13 | 0.21 | 0.33 | 0.65

Ratio 0.3710.38|0.39(040 042 A:

imse Lumnosiy [om “x

‘Scenario C Two Tra:l;Trlﬁlr. Steren (2.5 Ga-'u'ﬂ

e ——

rirR Luminosity >

L
100

Uses only 2 of 3 Stereo Layers g : |
. T =E 32: e |
| Scenario C Two Track Trigger | f,r;gdf .06 a4 B 3x10 :CN~<S |
g 45 5 : ; i : | o aancaod |8 . ’ :
% 3_5:_ P pl 120049-34:!:1.54?6-34 E
=} 35_ _____________ i e 32
E E 1.3 :
%_ ;_ .............................................................................................................. E : Iﬂi ih]
5 E— E J:“F‘k H' +
g 5_ ................. I : 5' ¥ II :;Inm
:
“5 -
2

M BRI B SRR R EE I |
200 250 30a 380 .
Inst. Luminosity fem s}
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OHIO Conclusions ’

UNIVERSITY

* Accelerator performance has been excellent

» But...high luminosity at 396nsec bunch spacing leads to many
interactions/crossing

» We need to upgrade the XFT to take advantage of the great opportunity

« The XFT Upgrade will meet the needs of high L running
» This upgrade gives us the required factor of 3 rejection of fakes

» System can be installed and commissioned with little impact on the current
XFT

» Not all capabilities have been explored
O Current rejection only making use of 2 of 3 stereo layers.
 Expect another factor of ~2 by using stereo extrapolation in Level 2
 Mass triggers are also possible at Level 1 and/or Level 2

* Schedule:
» Prototypes under design.
J Make extensive use of experience from existing system.
» Expect completed system in ~15 months
» System Operational by Jan 2006.
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