Physics with Tau Leptons at CDF

Chris Hays, Oxford University

for the CDF Collaboration

Tau '06
Pisa, Italy
September 22, 2006




Tau Physics at the Tevatron

Year 2002 2003 2004 2005 2006
,_\M()nl:hl 4 7101 4 7101471471{]

. '—ﬂmﬂn}

Data set: ;1m0i CDFE Run ?
>1 fb of Vs = 1.96 TeV 2 00l
— ° ° .E]_{H]O:_
collisions 1000
PP =
P & 600 [
Tau results: 0.2-1fb w0l

Delivered

200 To tape ]

ol

1000 1500 2000 2500 3000 3500 4000 4500
Store Number

Final states studied:
T,: Z, Higgs, Z" production
1ll: SUSY chargino + neutralino production Increasing

t1ll: Doubly-charged Higgs complexity
tvlvjj: tt production, top decays to charged Higgs ¥

Trigger and identify tau’s over wide momentum range
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CDF Detector

Electromagnetic calorimetry includes

inely-segmented strips and wires at
finely-seg p —

shower maximum (~1 mm resolution)

Central Calor.

Solenoid-SE A s - i

Intrinsic energy resolution for Z »ee:
<2GeV

Plug Calor Muon

Time-of-Flight

Drift Chamber
Front End Electronics

Pipelined Triggers / DAQ Tracker
/ Online & Offline Software

Triggers include tracking with isolation

Silicon Microstrip

Tracking system (drift chamber + silicon
microstrips) measure charged particles
with high efficiency and high resolution
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Goal:
* Establish tau trigger and reconstruction methods for O(40 GeV) taus

Measurement:

COF Run |l Preliminary (=350 pb-1)

*350 pb™ of Z +~1.1 candidates _“ ]
h e = ok [ QcD Dijets
"I_fl - ] zZ-ee
Em{::— [ ] gamma+jets
° % Bl]l:— E| W+jets
Trigger: R S
T: Electron contains ~1/3 of E (T ~ev V) £
201
- Require ET > 10 GeV electromagnetic cluster N S
Electron E; GeV
96.5% efficient — signal

—— isolation

i

seed track
T : Charged hadron contains ~1/5- %2 0f E_ (T ~nTv ) W 4

Require:  p_>5 GeV seed track ]

v
. . . : I ' o
No p_> 1.5 GeV tracks in isolation cone /NN A 06107
95.6% efficient not associated \\ 417 7~ 81s5(30°)
Track separated from electron ith fau candidaie

NIM A 518 (2004) C. Hays, University of Oxford 4



Electromagnetic energy (10): —» .

Charged track:

Narrow energy cluster:
~0.3 x 0.5 in n-@space
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- Track + EM resolution

Calorimeter resolution

. ' 0 I
R(Th) = (pTRec - pTGen) /
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Resolved ¥ ~yy at
EM shower maximum

Measure energy using high-resolution tracker and electromagnetic calorimeter

COF Run Il Preliminary (=350 pb-1)
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Tau Identification

Identification: 60% efficiency

Require minimum hadronic energy
93% efficient

. Signal cone (shrinks at high E):

Mass of tracks + s consistent with T

T® candidates in isolation

cone have < 0.6 GeV
95% efficient

No tracks in isolation cone 2 track charge opposite sign as e
81% efficient 1 or 3 tracks 87% efficient
400, COF Run Il Preliminary (£=350 pb~T}
. [ ] 2w
e , ] OCO Dijets
% so0. [ 1 == Bl =
Before opposite-sign requirement: 2 . B gammasjets
. 2 —+— [ ] wejets
Good modelling of background el T
E |
E ‘15EI;—
'.Il.'IEl;-
3
] =

g 1 2 3 4 8 & T B 8 10

) ) Mumber of tau tracks
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Z — 1T Cross Section Result

CDF Run |l Preliminary (=350 pb-1)

140 [ ] Z-=e

%12&5 B QcD Dijets Process Yield ( in number of events)

o sodk E o et Z— ce 348+ 1.4+7.0

= F _ W+ets 36.6+3.54+4.9

g oo ] wjets yHets 47.84-224-12.0

- so QCD di-jets 68.6 +3.6

o Total: 187757 £ 15.0°

E - Data 504

s Z—11 316+23+15

%20 40 60 80 100 120 140 160 180 200 /
Invariant mass(e, t.E;) GeV >300 Z 1T events:
Systematic Uncertainty [%] S/B > 3/2
Signal events yield Ny - = 316423+ 13

Geometrical and kinematical acceptance (incl. PDFs) 30
Electron ID 1.9 , ,
T ID 3.0 Systematic uncertainty < 8%
Electron Trigger Efficiency 2.0
Tan Trigger Efficizncy 2.0
Topology cuts 23 . .
Background estimation 47 Consistent with theory (250.5 pb)
5555555555555 : 'J'://
Cross-Section dl[,p_:: —+ Z)Br(Z = 11) E 20(stae ) £ 21 (svse) £ 15(Tumd) pb and VA UU measurement (2 61 p b)
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. Higgs — 1T Search

Scan T T mass spectrum for Higgs:

il 3
.:-. ¥ -
o, |

G B 2

* MSSM: Higgs cross section large for high tanf3 ( = ratio of d/u Higgs vevs)
* LEP limits O(90 GeV)

CDF Run Il Preliminary, 310 pb™

+ Data

_____ i Higgs—Tt (at 95% CL) }

|:| Z =11 . .
B, W, 2 e Background reduction:

-jEt—:-T fake H— Reject m
i "5 m, = 140 GeWcz\

in Z mass region

I-track

1 1o o * Require small E_opposite tau pair
* Require large total energy:
0.1 . T [
H =p +p'+E >50GeV
0 50 100 150 200 250
m__(GeVic?)

496 + 5 (stat) = 28 (sys) = 25 (lum) events expected,; 487 observed
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Higgs — 1T Search

Data consistent with background expectation

* Set cross section and mass limits on H >TT

MSSM Higgs — tt Search, 95% CL Upper Limit

108 —— T ——
= CDF Run Il Preliminary, 310 pb
= — Observed limit
‘E‘ ----- Expected limit
t B 16 band
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100 120 140 160 180 200 220 240
m, (GeVic?)

Small excess of events at high mass

hep-ex/0508051

C. Hays, University of Oxford

H =+200 GeV, M, =200 GeV, m; =08 M, _,
My g = 1 TeV, X, = VB Mg, (M™); My, =2 TeV, X, =0 (no-mixing)

100

L |

LLL

>0 3

no mixing

90 CDFRun 1l 310 pb"

_§ MSSM Higgs— Tt Search
40 | Preliminary
20

JlJlII|IIIII|III|Il.IlJlJlJl.JlJl|I|IIIII|I|

no mixing

80 100 120 140 160 180 200
m, (GeV/c?)

Significant region of SUSY
parameter space excluded



Search for new particles at very high masses
* Sensitive to, e.g., sneutrinos from R SUSY, and sequential Z’
* High T energies allow E_ threshold to reduce background

*Include T . mode using tau (> 20 GeV) + ET (> 25 GeV) trigger

| =
J

21T
4AF  CDFRunIIPreliminary

Large gain in acceptance

from T 1 mode

Acceptance [%]

200 300 400 500 600
m,. [Ge'ﬁ!f(:?]
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: High Mass tx Search CDF Run2 195 pb-!
[ Hn S Treliminany TS5 P Wz = 5 High Mass Tt Search
‘:t_.l_ 10 k .DtherBackgrounds &10 B *
~ f Control Region — X cross section
3 F S \ N N FPPPPT sequential Z'
o U A \ N, P ¥ (X2B=0.01)
P ﬁ 95% CL upper limit
= 1 3 ::F ) m— V@Ctor
S ignal Region ‘. |=—scalar
|_|=5 Signal Reg |§
© 4t ]
10" | : T,
0 20 40 60 80 100 120 140 160 180 200 100 200 300 400 500 600
m,,. [GeVic’] m, (GeV/c?)
Control region (m <120 GeV): Excludes scalar and vector
99 + 13 events expected, 90 observed particles with masses below
~350-400 GeV
Signal region (m > 120 GeV): in particular models

2.8 £ 0.5 events expected, 4 observed
Phys. Rev. Lett. 95 (2005), 131801
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Extend tau searches to topologies with three or more leptons

* Low background: loosen tau identification to increase efficiency

H*: predicted by L-R symmetric theories (SU(2) x SU(2) x U(1) )

* Provides see-saw mechanism for neutrino masses

* Pair-produced viapp ~Z* > H"H "

* Couplings not determined by fermion masses: lepton decays dominate
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Final States e'T"e T and P'T°UT

. Doubly-Charged Higgs Search

* Separate into 3-lepton and 4-lepton categories

* For H* = 17, select pt+isolated tracks to increase efficiency

Isolated track: no hadronic energy requirement, loose track isolation

Results
3-Lepton Signal and Backgrounds

et Data Bkg H" > er
Lepton ID 34 37.8+1.3 2.9
M M, 29 354+1.2 2.9
Z-Veto 8 9.7+ 0.7 24

H, 0.24°07 2.0

[T Data Bkg H" > ur
Lepton ID 28 30.0+ 1.4 3.1
M M, 20 246+1.3 3.0
Z-Veto 7 6.6 +0.9 24

H, 0.27 + 0.13 1.8

CDF Run Il Preliminary (£L=350 pb)

L 200 1 m(Hg)>97 GeV/c? (LEP 2)
ol m(H|)>99 GeV/c? (LEP 2)
+t 160 CDF 95% C.L.upper limit:
T 140EmHp)>86 Gev/c?\, @0 BR(H>pu1)=100%
= 120 BR(H™>e1)=100%
& -

- 100 +m{HL}:-1 12 GeV/c?

T 80

L e0
L_ 40 (H)>114 Ge

£ 2

©

ET T RS T T R T R T T
m,++ GeV/c?

4-lepton: 0.18 expected, 0 observed (combined)
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Chargino + Neutralino Search

L Q i AL

o ‘i' Y .._-:.I
ey
T

Promising SUSY discovery channel at the Tevatron
*pp XX liXOLslerl_XOLSP

* Small mass difference between X* or X’ and )(OLSP results in low-p_I*

* High tan3 enhances decays to taus
JEERTATA
1 fb™ data set: ee + isolated track (p_ >4 GeV) + E

BR(xx; ~> 3l) vs M..

5000

4500
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3500

........ M,=60, M,,=190, tan($)=3, A,=0, >0

£05 AT S R S S e E 2500 — Lepton 1
5 5
= ] ORI e AU e = 2000
s B : : : : : w — Lepton 2

0-3;— """" D e e e BR(yjy_g—>3l) 1500

R S ST £0
0.2 — BRIz = 24 ag00nic) 1000
L e S e —— BR(y;x; — 2l+e/p) 5005
0: 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 b.-_ 1 A o e — - —
100 110 120 130 140 150 00 10 20 30 40 50 60 70 80 90 100
Chargino Mass (GeV/c") Generated Lepton E; (GeV)

Results: 1.0 = 0.3 events expected, 3 observed (2.1 expected SUSY events)
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N events/GeV

Goal:

* Observe rare SM process in tau decay channel

Strategy:
* Use inclusive high-p_lepton trigger to search for tt ~lvgtvg (I=e,l)

Reduce W + jets (jet -1), Z + jets backgrounds:
* Tighten 1t isolation, add calorimeter isolation & H_ threshold

CDF Run II Preliminary
i Im]m ot R i [ ] top signal
0.2 - B t fakes
B w Z_nllrhﬂd esults 4 [ = thlrhad-"jets
i 7 Wy B —=— data (350 pb™)
0.15 |- 5 observed events, o 3l A
. 3
01| - 2.7 = 0.4 background: g
B =
i >10 excess
0.05 i _
(2.2 expected tt)
. i
100 200 300 e (Ge\j;m 100 200 300 400

Ht (GeV)
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Search for t Decays to H*b

In MSSM, charged Higgs can preferentially decay to Tv
Combine t—~TVvg search with ¢ cross section measurements
*Set limitson £ -H*b , M vs tanf} in MSSM

Tauonic Higgs Model CDF Run Il Preliminary

+
Excluded 95 %CL  m=175GeVic?  [Ldt=192pb” t —» H b search
160 BRH=1v=1; BRHc¥=BRMH ¢ B) = BR(H— W' H") = 0

CDF Run Il Preliminary
160 Excluded 95 %CL m= 175 GeV/c? [Ldt =192 ph’

- = ,/// = \\(\‘15“
. EE —— SM Expected =
150‘_ E_=_ —SMEwene 140 L E SM+ 1 Expected =E 140
1405 e = SM 10 Expected R Z =3 [ Excluded CDF Run Il = 223
- I COF Runl Excluded -.;:"'. 120¢ ;E 2 [ Excluded LEP -,E 44120
130L © 88 S 5 3
o Q_ﬂﬂﬂg/ﬁE } .EEﬂm
> 1 20:_ T /A .-'.I.-.i."\\\ N
i .. = g0 80
= 110C .
- = 60 60
100C- ' 0" L -
: tan(p)
90:_ rl%usﬁr:'lunu GE"-”GE, H.:—-r'-'uu GE‘&"I‘.GE, A1=Ah=-5l]l] GE‘H’IGE, A =500 GE".".ICE
30; L | M,=0.498"M,, M, =M; =M, =M, =M;=M=M =M g
0 0.2 04 0.6 0.8 1
BR(t—Hb)

Phys. Rev. Lett. 96 (2005), 042003
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Summary

Rich tau physics program at the Tevatron
*SM: studying electroweak boson decays to taus, will observe t ~Tvg
*MSSM: Promising Higgs, chargino & neutralino discovery modes

* LRSM: Doubly-charged Higgs sensitivity
Variety of T identification methods
* Tailor to analysis -- high rejection vs high efficiency

* Acceptance over wide range of momenta

Expect x10 more data than shown here

* Significant improvements in measurements and sensitivities
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Backup
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Measurements:

* W/ Z production and decay to taus
Searches:
*Low-p_tau's: SUSY x*X" production and decay

*Mid-p_tau's: Neutral Higgs (MSSM), H" and H™, top to Tv
* High-p_tau's: High-mass particles (Z')
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