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Why are taus important in ATLAS?

Discovery searches: Heavy object may couple preferentially to taus ( heaviest leptons )

* Higgs boson couples to mass

SM H->tautau MSSM: 5 Higgs bosons h,H,A H"+/-
2" largest BR for low mass For large part of parameter space BR is enhanced
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* Most of theories predict universal coupling of Z' to leptons, but
there are models which predict Z' coupling preferentially to the
third generation (Technicolor motivated)

* SUSY decays chains contain soft taus

* Important for completeness
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More than discovery probes

Taus are short lived -> spin information imprinted in tau decay product kinematics!
- experimentally possible to distinguish left-handed (LH) from right-handed (RH) taus

* Tau Polarization
p=28"9L -Indicates tendency for production of left-

ORr T OL and right- handed taus to violate parity

Can help establish properties of a new particle:
-> RH taus from H+'s vs. LH taus from W's
-> Z has spin 1 and couplings violate parity =>P_= -15% vs Higgs has spin 0 =>P_=0

->Z' and W' degree of parity violation varies between models
( possible to constrain E6 models: Phys. Rev. D46 (1992) 290-302)

* Tau spin correlations - direct access to spin of the parent object

'Possible configurations: (1) ()
Spinl1(Z): Z'L—Prl_'TR+ (Z.R—}TR-TL+ ) - — Z" — >
Spln 0 (H) . H_>TL-TL+ (H_}TR-TF; ) T H T+( T H T )
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Taus are experimentally challenging !

0.1% others Tau events are rare as compared to QCD
Fermilab
CERN LHC
Tau decays N ]l i
1
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B Ggg 2’15_: 500 GeV) i) “g
Hadronic decays: " = 7scey "™ B
. L c )
-suffer from huge backgrounds from jets T T S
- m,= 1?l'eV
| Y Higgs
=> challenge for both online and offline e |
| | | :
identification 0.001 001 01 10 10 100
Vs Tev
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The ATLAS detector

EM calorimeter: Pb-LAr Accordion
Muon Detectors Electromagnetic Calorimeters e/y trigger, identification

/\ and measurement
Solenoid -
- Forward Calorimeters

Muon Spectrometer (|n|<2.7) : air-core toroids End Cap Toroid
with gas-based muon chambers Muon trigger
and measurement

Detector characteristic
Width: 44m
Diameter: 22 m

T

i Inner Detector ieldi
garrel Torald Hadronic Calorimeters Aiekding




ATLAS-CONF-2011-152
Tau reconstruction and identification (ID) in ATLAS

T

Reconstructed taus: Anti-k_ jets with R=0.4

* Energy scale: jets scale + tau scale derived using MC
- data driven uncertainties using single pion response

* Discrimination against QCD jets:
- low track multiplicity

- narrowness of the shower % " P00 f
8 WE: . Energy weigh’raj:l shower
* Electron / tau separation g ui;_ | ~Width in calorimeter
- Fraction of high threshold hits in TRT & B\
shower shape ( hadronic veto ) ooz} X :
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Tau ID performance

Output BDT score
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Efficiency measurement using tag-and-probe
- Z->11 and W->Tv events (jet/tau) and Z->ee (e/tau)
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ATLAS-CONF-2011-152

Rejection vs efficiency
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Triggering tau final states in ATLAS

Interaction rate
-1 GHz CALO MUOMN TRACKING

Bunch crossing

rate 40 MHz e Slngle electron
26pus  HEVELL memories
<75 (100) kHz Single muon el8 el24
o e-tau taulé_elb tau20_el8
Regions of Interest | | || || | :’ggggrt drivers
~10 ms _}-.EIEU%—E% F;‘ﬁlgm'.ll buffers mu-Tau TGLIZO_I'T\LI15
1 kHz di-tau tau29_tau20 tau20_tau29
E“m S tau+xe tau29_xe3b  tau29_xe4b
~sec. EVENT FILTER Full-event buffers
~ 400 Hz f #pmussw;ubfrms Slngle tau taul2b taul2b
(16 Hz for taus)

Datarecording

Physics streams:
Electron, Muon, J e’rTauE‘rMiss

<. °>°’ L1 based on 4x4 array of trigger fowers and EM isolation

< L2 adds tracking + higher granularity in the calorimeters
Applies basic tau shower shape cuts to reject QCD

EF full event building. Algorithms imitate offline.

/)I.
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How well do we understand taus in ATLAS?

* W->1v decays : the largest source of frue taus in ATLAS
- used for first observation of true taus
- cross section measured using full 2010 dataset
- increasingly difficult @ higher LHC luminosity due online rates

o R R R AR R ARl AR LAALS LEREN LSS RARES RERE S
gﬂm;dms » Data 2010 N5 = 7 TeV) 1

° o - W — 1w, .
T 2000 [ EW backgrownd -

H d . l | d . d I o [ —— [JQCD background (B)

- E I 5l
adronically decaying and large £ ok [La-sem'

(MET)
- Large multi-jet estimated using data driven ABCD
Method ( tau ID, MET plane)
- EW: W-sev/pv, Z->mumu backgrounds from MC

:

g PLB 706, 276 (201

500}

PP T P TSR PTITE PRPEL DT AT
1273 458 7 B 8 10
Mumber of tracks

- Purity: S/B~ 4.4 Result
| RRRRE AR AR LA 1As ) IAT.L:QS e
. . ATLAEW = 1w,
* Dominant systematics:
: * Data 2010 B =7 Tev)
- ener'gy SCClle 1 — Stat uncertainty
. o e ATLASW — &, o= — Sys & Sl
- tau ID & trigger efficiency ey
- total ~ 15% O Tenycenany
ATLASW s yv, e PLB 706,76 (2012)
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Tau polarization in W->tv decays

* Observable: charged asymmetry
- of the and
pions in the tau decay
- inclusive: all one track tau decays

- P_extracted using binned log-likelihood fit

of the observed distribution in data to
a linear combination of the MC femplates

* Dominant systematics: energy scale and MC model :

{Result: P ==-106 +/- 0.04 (stat) + 0.05 - 0.07

P €[-1,-0.91 ] with 95% probability

Very first direct test of tau helicity structure @ Q*=m ?
@ 4/05/12 Chicago 2012 workshop on LHC physics
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Events/2.5 GeV

Toward Higgs searches: Z->TT cross section

* Cross section measured in e-tau, mu-tau and e-mu channels:

ATLAS-CONF-2012-006
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H->1T common challenges

NIM A654 (2011) 481 (arXiv:1012.4686)

3 100 gt ]
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. % L Bl 7
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r Others
3 SG__ i Bl-tig. uncert.
. Ldt=4.7 fo’
* Two - fold improvements: il {gﬂw h
* Use data driven tau embedding on lighter lepton ; 5 S
( Z->pp sample ) to estimate Z->t1 background =r r F
* Improve mass resolution [ ‘
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. . |
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SM H->1T search

Production mechanisms considered in the search:

Gluon-gluon fusion || Vector boson fusion
—— . —— \ t H
g (VBF) ! _.;V ! fl X ! ;f’f :
Ehis | eeeseie s H ----H '\’?\/‘v’\ﬂ;\/\f\f;
_ /Svoov
g v / \
e "'.l \'
a T q q q =
3 ee + ey + upu H+2-jet VBF 1
¥ 8 fgma(mn; :
Search in all tau-pair decay channels: § 2 — AT
. ake leptons
- 4 categories: O jets, 1 jet, 2 jets VH, 2 jets (VBF) i B
- Lepton background estimated using template of -
sub-lead lepton pt from a control

0(] 50 100 150 200 250 300 350 400

Collinear mass m,, [GeV]

region with revered isolation ATLAS-CONF-2012- 014

E 45 E'rrw+u'r II-I1+éljllaé VBF
o
- 4 categories: O jets ( low and high MET), 1 jet, 2jets (VBF) g :z g e
- Mulit-jet background estimated using SS charge 5 .t =5 s (0559
w F B [
[} 25F Same Sign
- 3 J_Ela_kj un&:;ﬂ-l
. . a t=4.
- search in 1 jet category e S
- 2D track multiplicity fit in the signal region 10k e
04/05/12 Chicago 2012 workshop on LHC physics s
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SM Higgs limits

95% Cls limits per channel

g405|'"'|""|""|""|""|:' = 0T T T T
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95% exclusion limit k:
combined for all tau channels: g
- Mass range: 100-150 GeV E
- Expected:3-8 3
- Observed:3-12 &

Several improvements to the analysis,
( tau ID and selection/methods )

are being investigated
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Quick overview

, , Production mechanism
* Search in all tau-pair channels e
* Separation in b-associated production . i
using b-tagging not yet explored ¢ h, H, A e Pl
| E -noooos
& R s TOTE

Analysis methods similar to

SM Higgs boson searches

combined limits in “tanp-m " space

tanp

04/05/12

of MSSM H->TT search

Combined limits on 0 x BR

B S e e e
All channels

—a— Observed oy —+ & Cls
v Enpected gg — &

—g— Dhzarved boo Cls

-em Eupectad bbé E
B o= % BR(H_ 1) theary

All channels r
== Dhgorend Ll f i
asssas Expac e 5

N B

3 ] 4

i L . E:

A% 5 i oty

10k % _
W (5=7TeV _[Ldt_1.ﬂﬁfh'1 :

S
. e LT TP —
Wmrane 3

inary '
1D.1|..'..|....|....|....|....
g 100 200 300 400 500 60O
M el m, [GeV]

ATLAS Prelim

85% CL upper limit on o 2 BR{g— 1) [pb]

{5 =7TaV, ILI:.I1=1.E|E1I:|'

ATLAS Preliminary : ATLAS-CONF-2011-132

qlﬂr:a 150 200 250 300 350 400 450

m, [GeV]
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Quick overview of H->Tv search ATLAS-CONF-2012-011

* Charged Higgs predicted by 2HDM ( also other BSM models)

LighT Higgs Production in MSSM (mH < mmp) Search channels

b * Lepton +jets: & — bbWH* — bb(gg )(Tiepv).
* Tau+ lepton:  tf — bBWH™ — bb(lv)(Thaav).
* tau+jets tf — BBWH* — bb(gd’)(Thaav)

Combined limits on BR 1-5%
* Some analysis highlights SR

v T
) . . ) . . | S | ATLAS Preliminary
tau + jets is the most lepton + jets challenging! T | —oencdcLs Dameor
.. . — | ecie
sensitive channel suppress W-slv using S 1F o 5 =7TeV
. H  CJz20 jL.dt--qufb‘E
S —— inv mass of b-lep & m =40
3 ATLAS Preliminary s Data 2011 3 T 107k =
8 (Jmer 3 =>pequire b-t association : :
= Bl Jet—>tmisid .
E Il et misid 9 2 I S
L% Multi—jets | ; 12 - (m}'jb —2 mtﬂp} + {m'jj _?mﬁ')z 1025_ combined | .
Sy sM uncertamty‘z Otop Ty - | | | | "
i 120 Gs:’ : "0 100 110 120 130 140 150 160
B(t->bH") = 5% 3 m,, [GeV]
_[ Ldt=4.6f" i max
) & MSSM ( m™ ) excluded values of
% 50 100 150 2u5u 300 350 4%10 Tanp >13-26 for 9066V<mH+ <150GeV.
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SUSY and taus

*Taus are important probes of SUSY breaking mechanism
* GMSB : soft SUSY breaking by gauge interactions

- chiral super-multiplets (messengers) couple to

ultimate source of SUSY breaking

and (s)quarks, (s)leptons, Higgs(inos) of MSSM

Tau production

SUSY particles
excluded up to

breaking scale
A =30 TeV

(upto A=43 TeV

for large tan p )

SUSY particles
excluded up to

breaking scale
A =32 TeV

(upto A=47 TeV

for large tan p )

sorkshop on LHC physics

Jets + MET + at least 1 tau
(CERN-PH-EP-2012-076 )

GMSB: M,.,=250 TeV, N_=3, u>0, C__ =1

ATLAS

. @ 2 -
JLdt=2051t", =7 TaV ' & g 4

tanpg

5 B B 8 8 &8 & 8

. =1 tauchannel, m = 600 GEV_:
Theﬂfy axcl. : | == CL, obearvad 35% C.L. limit =]

if | == CL median expected limit =
e EXPEEIEd WML =10

—
[=]

5]

{ I I T O N S T I T I 1 1]
10 20 a0 40 50 60 70

Jets + MET + at least 2 taus
(CERN-PH-EP-2012-054 )

GMSB: Myae=250 TeV, Ns=3, u=0, Cyeay=1




Summary

* Tau leptons are vital probes of new physics in ATLAS
- Heavy objects may couple preferentially to taus ( Higgs, technicolor Z',..)
- The only leptons which provide insight in spin nature of the parent object
- Decay chains with tau sensitive fo SUSY breaking mechanism

* Shown several new results of searches with tau final states
- No discoveries
- Most cases limits exceed previous experiments

* Shown first measurement of tau polarization at hadron collider
- efficacy of the method ( & relatively low systematic uncertainty )
confirms potential for future spin measurements using taus
- the first direct measurement of helicity structure in W->1v events

04/05/12 Chicago 2012 workshop on LHC physics
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How can we measure tau polarization ?

EE,
~ 4010203 04 05 08 07 05 08 1
LH taus - soft, RH taus - hard £ 0! /
favored  suppressed favored  suppressed = ;::\ AT ]

HEE AN vy "2 direction s
. - T 0.6 .
4= - =% - in the lab ™ 05 i
*n A am s frame Enhanged for right h;fndec'_i

h.a in W-> tau nu decays, Z/H->tautau requires
tau rest frame ( e.g. coll approx )

Tau leptons :
LR ]
0.1 E
U O DeCAne D 0Z 0408 08
oSy

EE,

4,01 02 03 04 05 0 BT LE 08

1G0= =

Explore helicity of rho

[ R
£

]

|

T =]
—|.1'

=I

=

W ool )

Ty E.- — E.o
vmZ —4m2 |py- + Pro|’

Ccos =

(] I 1 1 I 1 I 1 1 1 1 1 I 1 1
I:|-1 08-06-04-0.2 O 02 04 0.8 03 1
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Using tau polarization to constrain models

- If parity violation - Z' couples differently to left- and right-handed fermions

Forward - backward asymmetry Polarisation asymmetry

A, = (N_-N)/(N+N)) AWt (NL.- NF)/( NJN.R) : 47
v Can be measured in all di-lepton final states P, - longitudinal polarisation of tau
 Difficult o define at symmetric pp collisions * Only in tau-pair final states (of leptonic)
~ Need to be convoluted with PDF's * Does not require the knowledge of PDF's

Forward Backward

fermion fermi
/ Mgoo
Electron (e~ 0 <90° Electron (e—
SRt e

/ 2 Positron (e*) Z\EOSM)H (et

anti-fermion \an
- anti-fermion

- A, helpful in constraining E, model
04/05/12 Chicago 2012 workshop on LHC physics 21



Using tau polarization to constrain models

- E, model: two Z' bosons
Linear combination Z'(a) = Z'X cosa + Z'w sina

is assumed to have mass ~ TeV (within the LHC reach)
Parameter a is free and can by constraint by measurement of Ptau and A__

1 v : ‘ ‘ 005 |
o8 i
0.6 - ,';‘ .'.‘ - 0 0 E f
: 5 . H 7
os i Reference: A.D. Anderson et dl. J
Phys.Rev D46 (1992) 290-302 7
E:gau 0 & k / 5
02+ EBlo  — ;
0.4 - R = ]
N *'/;
08 \ -0.15 -
. J
08 - /
1 : 1 \-\\H“— g —0.20 } l ! . 1 L 1 I : I | |||||
0 mi6 3 2 In/3 S/6 n ' 0 /4 /2 3rid T
o o

Ptau provides better determination of a than equally precise measurement of A_
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(Tau) trigger in ATLAS

Interaction rate
-1 GHz CALO MUON TRACKING (qj
Bunch crossing $0
rate 40 MHz (b
Fipeline
LEVEL 1 memories &
28us  {RIGGER ; s
< 75 (100) kHz N o
=S e
Derandomizers (1)) / ‘
Regions of Interest Readout drivers 0( ! e e
*9 | I (RODs) &$ Trigger towers (An x A = 0.1 x 0.1)
~10 ms LEVEL 2 I_HFII'EI;gDTt buffnugo @ Vertical Sums u j - Elgtg'rat;?;aﬁr:e;lc
s L)
Q . (=2=) Horizontal Sums E & - Hscllnn;:‘::‘l‘?::mcn

Event builder

~sec. EVENT FILTER Full-ewnt buffers
processor sub-!'arm:
~ 400 Hz

(16 HZ for‘ TGUS) Datarecording

L1 based on 4x4 array of trigger fowers and EM isolation
L2 adds tracking + higher granularity in the calorimeters
Applies basic tau shower shape cuts to reject QCD

EF full event building. Algorithms imitate offline.

04/05/12 Chicago 2012 workshop on LHC physics
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