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Outline

* physics with taus

* how can we trigger them?
* CDF/DO trigger system
* CDF tau triggers

v e/mu + track
“ fau+rmet

v di-tau

* DO tau triggers
v exclusive e/mu
v single muon
“ L1 calorimetric tau trigger

13-16th September : r.ecenT r.ZSUITS 2




Why study tau leptons?

tau leptons -> important role in . ~
MSSM higgs

® electroweak measurements
high mass tau pairs

* study of top quark properties
. h f h Charged/Doubly charged higgs
searcn tor new pnenomena stop > b

3™ generation leptoquarks

ergino-neu’rmlino pr'oduc‘ri/on

strong physics motivations!

tau reconstruction and triggering
is a difficult task due to huge backgrounds
dominated by multijet production
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CDF and DO trigger systems

L1
hapdWare

* calorimetric energy in fowers

* raw tracks L2

* raw muons hardware
“lets software
° elec’rrons} clustering algorithm

L3 * photons

* tracks (refined -> isolation)
* muons (refined)
“met

software  fyly

reconstructed
event

Accept rates

L1 L2 L3
CDF 30 kHz 1 kHz 100 Hz
DO 1.6 kHz 850-900 Hz 5b Hz
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tau ID at CDF

ToOT VvV, tomr v.=>1n,

‘L'—>7Z'_7Z'_7T+VT, r—>7t_7r_7t+vT217tO
1 - find a narrow cluster in the calorimeters

2 - find a track pointing to it (seed ’rr'ack)\

— signal
— isolation

R

| .
1o
[ | T decay
v o
[
1 .
/ .' I eSIg
o |
|

not associated \\ 117 /— O, 3 - define signal and isolation cones
with tau candidate\\ 'l

4 - match = s
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Tau ID at DO

Type 1:

1 - narrow calorimeter energy clusters
matched to tracks

2 - separate 1s into 3 categories,
defined by their decay mode
Dn—like (‘L‘-Type 1) Type 2:

Op-like (t-type 2) P
[13-prongs (t-type 3)

3 - implement neural nets (NN) for
each t-type to discriminate t signal

from QCD jets

events/bin

0 1.0 NNg..c
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Tau triggers at CDF e/u+ track

primarily designed

\’ro detect e/p- 1 __
events

1 * a single calorimetric trigger tower with Et > 8 GeV OR muon hits
L in muon chambers
* a matching track

s =

* electron cluster Et > 8 GeV / muon Pt > 8 GeV
LZ * a second track of Pt >5 GeV 10 degrees in ¢ apart from
the electron/muon track

cross sections at L3

|3 * Tighter electron/muon id L = 10%cm™s”

* charged track isolation (for tau) " e+frack ~ 18 nb
* u+ track ~ 12 nb
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CDF tau trigger at work e/u+ track

MSSM Higgs — 1t Search, Track Multiplicity

2 - A
MSSM h. -> E350F- CDF Run Il Preliminary 310 pb
lggs T T > L —e— DATA
|-|J300:_ + |:|Z—>‘|:'|:
250;— ' ] v, z 5 eerup
zoof_ -jet — 1 fakes
h, 1501 $
Iggs --=>T T 3
99 e/u  had 190
50;—
0 0 1 2 3 4 5 6 | 7
MSSM Higgs — tt Search, Mass(tracke ... _, Track Multiplicity
£1201 CDF Run Il Preliminary 310 pb™
L%,.'oo__ + —e— DATA
E |:|Z—>'|:1:
80_— |:|ﬂ WV, Z — ee/un 1
ol [ jot - < fakes 311 pb™ luminosity
40
20
- hep-ex/0508051

QO

02 04 06 038 1 1.2 14 16 ;I.B
m(tracks+n?%s) (GeV/c")
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Tau Trigger's at CDF tau + Missing Energy ’

L3 cross section at
L = 10%%cm3s
~ 8 nb

L], Calorimetric trigger tower with Et > 10 GeV

LZ * missing Et > 20 GeV
* calorimeter cluster with isolated track

L 3 at least one tau candidate
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CDF tau trigger at work  tau + Missing Energy

W -> 1tv cross section

W WV
9. /9.
UA1 1991 . 1.01+0.12
I : :
CDF Run II Preliminary, J[ L=72pb UA2 1991 — 1.02+ 0.06
1400 | W — T v:number of tracks, associated with the t candidate
B | CDF 1992 S P S 0.97 + 0.07
- 2345 events
B DO 1999 .t 0.98+ 0.031
1200~ % .
- LEP 2001 . 1.026+ 0.014
- —e-Data :
1000 Wy PDG 2002 (Wlo LEP)  —e+ 0.988+ 0.025
- =Wy
800 :_ g?“:ﬁtv CDFII Preliminary 2003 + 0.99+ 0.04
B == QCD :
600 - ¢ 0.7 1 1.3
400 ) 4 .
- ’ 72 pb™ luminosity
200 —
O@EHﬁl'lllllllll'llll

o
-
)
W
N

> ° nambef oftt%cks:m hep-ZX/O4O506O
Nucl.Phys.Proc.Suppl. 144,323-332 (2005)
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Tau triggers at CDF di-tau trigger

L1

* two calorimeter trigger towers with Et > 5 GeV
* two matching tracks separated by an angle of ¢ > 30°

L2

*Clusters Et > 10 GeV
*track isolation

i

L2

S

* Met > 10 GeV |

* NO track isolation

L3

*Two tau candidates originating from the same vertex

L2 acceptances

LQ3 H++/-- A /' Z

m (GeV) 130 120 120 120 01
Et,iso 0.67 0.72 0.77 0.77 0.72
Met,no iso 0.87 0.94 0.66 0.63 0.51
overlap 0.60 0.72 0.51 0.48 0.35
Inclusive 0.95 0.95 0.93 0.93 0.88

L3 cross section at
L = 10%cm>s™
~ 12nb
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exclusive muon trigger Tau Trigger's at DO

1 - focus tau -> muon (Pt > 5 GeV) o T e 0S-bokg i
- look for jet activity on the other side S 5001 ~+background
(tau -> hadrons) using NN tau id ‘5400; Z-1tMC
® 300 ;—H#** *i*
Z- >T + 7 200} e ¥ Typrtt *+
I had - I gt
@ data ook * ++
226 pb-1 A Done b st
= Zotautau MC QR e e Y07 T s
Z :22 Yz ~ background NN output
3 . + — £ —>TT MC
3 120 )i
E 100 + +
- [ Tty exclusive electron trigger
40 i used in addition to muon for
2::o 'Y:Y'zlo' —Z0 'G'O'N'"'::trwt‘lv(;)vd'vv‘iwzo 0 20 40 80 100 120H -1t Search
M(LL, T, ) [GeV] M(lu, ) [Gevl (FERMILAB-PUB-06/009-E
hep-ex/0412020 Submitted to PRL)

PRD 71, 072004 (2005)
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Tau Tr'iggers at DO Single tau trigger

(W->1v analysis)

1 * one central jet with Et > 7 GeV
L * one isolated track with Pt > 10 GeV @ eml2isof |

'(EEMl n EEMQ)/ET

L 2 * JeT-Tr‘aCk mGTChing GEAE RS c:.;:"c:;:tr::l.n O F & O

. =

L3 * Met > 10 GeV
* one tau candidate (Pt > 10 GeV)

* NN algorithm based on cal clusters (Blowert o ptower2) /pr

(1) caliso

calorimeter cluster

(MC) . )
solation
Bgnd (jets from data) | |
t-type 1 (ET — Em¢) [EFTe
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Tau triggers at DO L1 tau trigger

L1 calorimetric tau trigger

' i : M+H isolati
- consider 2X2 and 4X4 clusters of calorimetric | oaton

towers (region on interests - ROI)

* find local maxima (LM)

* isolation ring size is 1 trigger tower, define

ratio = Et(2x2)/Et(4x4)

* if ratio > cut (e.g. 0.5) LM is a tau candidate

* Et(2x2) > 8 GeV -> trigger fires
ROI/tau cluster

new proposal (part of the trigger upgrades for Run 2b)
tau jets are narrower than standard jets
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Conclusions and future prospects

strong physics motivation

id algorithms and triggers at both CDF and DO:
> e/mu + track, tau + met (CDF)
~ exclusive muon/electron, single tau (DO)

good results on SM analysis
application to new physics beyond SM

need for increased sensitivity:
di-tau triggers (CDF, DO), L1 tau trigger (DO)
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CDF/DO Trigger systems

RUN II TRIGGER SYSTEM CDF

Detector Elements

CAL COT MUON SVX CES DO
|
]
XFT [gl;dl?/lN XCES " " "
: ) s | level ] S Level 2 % | Lewvel 3
Digtector | | 2.5 MHz o 2 kHx ’ | kHx ’
/ 42 ps ! 1001 = ! S0 m=
Y v 4 4
XTRP
Calorimeter = .1 Cal = 1.2(al » .2 Gilohal = Level 3
/ * Y *1!’ Preshonwer = [.1P% = L2PS
L1 L1 L1
CAL TRACK MUON ) - -
T T CFl = 1T = 12T
y v v P
GLOBAL SMT = [25TT
LEVEL1 |
Muon. det. » [.1 hlucn » 1.2 Muon
-
| Al
L2
CAL SVT
Y | +
GLOBAL >
=1 TSI/CLK |e
LEVEL 2
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Hadronic

B Muon Scintillator
Calorimeter

Counters

Muon Drift
Chambers EM
Calorimeter
=
Steel Shielding ) .
Solenoid Coil

ilicon
Detectors

ey

= Central Drift
Chambers (COT)
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electron/muon + track trigger (CDF)

TAU_ELECTRON8_TRACKS5_ISO_v10 Cross Section vs. Inst. Lum ‘
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tau +Met trigger(CDF)

xsec VS luminosity

y

TAU MET vi11 Cross Section vs. Inst. Lum
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di-tau triggers (CDF)

IDITAU L2 PT10 v1 Cross Section vs. Inst. Lum|
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CDF tau trigger at work e/u+ track

high mass tau pairs search _
- High Mass 1t Search  © 2
" CDF RunII Preliminary 195 pb’ g- a
o =
. 1] x
3 final states 2 200 2|3
. e 3 | ik
Thad Thad ~ Ye Vhad  Cu Chad o | N
E - .z—}TT
E 10f [0 other Backgrounds
Lﬁ L
50L 1t Control Sample
[ CDF Run II Preliminary 195 pb'1 0. L
_ 0 20 40 60 80 100 120 140 160 180 200
40+ 1 Pagy m,, [GeVic?]
-E i B other Backgrounds
2 1 2
it m. =m(t +1° +Met)
i VIS V1S V1S
20
195 pb™ ->lepton+track

# Tracks

13-16th September 2006 Silvia Amerio 24



exclusive muon trigger - I (DO)

* a single muon trigger inside the CFT (central) region based on a
Ll hit in the muon scintillator detector only

. =

L2 * at least one muon found with pT > 5 GeV

~aNaanes—

L 3 | one track found via the L3 Global Tracker algorithm with pT > 10 GeV
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exclusive muon trigger - IT (DO)

L1

* a wider region for the muon but based on a tight hit requirement with
the muon scintillator and a loose requirement with the muon wire detectors

L3

LZ * at least one muon with pT > 3 GeV

* one track found via the L3 Global Tracker algorithm with pT > 10 GeV
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