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CMS :
Early W—-Ttv observation

 Tau leptons used in CMS
since early 2010 data, 100

already with first 18 pb? 3 + cs Prliminary
T} 80K Ns=7TeV
« Event selection: = 70p 5 [
b= 602— === Wtaunu
- HPS E,*>30 GeV - % acd
t T - Wenu
. 40;— - ZJet
- leading T track p,>15 GeV o 8 Wimunu
20F
- ETmISS>35 GeV 102_ 1 -_Is-a._l.. m_ir PR I I R
A t / t 9l0 60 80 100 120 140 160 180 200
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 QCD background estimated
from DATA with control regions
« Results consistent with MC
expectations
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NNLO, FEWZMSTWOR [PDFALHC 6% CL] (60-120 Ge\)
Observation H+H Z — Tt (combined)

- Z-TT analysis crucial milestone| "7 To + Thag
towards H-1t searches and g T + Thag
important tool for data driven 2 I T+ T
T, reconstruction efficiency e Te+ T,

I|°+E Z—ee,upn
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Cross section measurement

« Simultaneous likelihood fit of
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agreement between DATA
and MCon T, ID
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« Event selection:
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- Measured o, in agreement with SM

o.= 143+14(stat)+22(sys)+3(lumi) pb
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C S CMS Preliminary, 3.9 fb',Ns=7 TeV
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CMS Iggs production modes £}
at the LHC Dt

Dominating production mode in pp
x . ————————¢ collisions @7 TeV is gluon-gluon fusion
\s=7TeV. 1% gg—H: o(m,=120) = 16.63 pb
g
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LHC HIGGS XS WG 2

t,tba s H
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g

*Next is Vector Boson Fusion (VBF)
qg—qgH: o(m,=120) = 1.27 pb

o(pp — H+X) [pb]
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*Finally ttH associated production: qq'-»WH o(m,,=120) =0.66 pb and
qg-ttH o(m_=120) =0.098 pb qq—>Ztl o(m,=120) = 0.36 pb
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> H—>TT searches at CMS

* Signal signatures studied in a 1 p ————
CMS: g T
[@)) - 77 ‘é
= L 1z
- T T €Y 5 q |3
% 10-1 Tt /99
- MM (not covered here) 0

Irreducible background: Z-TT

Main reducible backgrounds: 10°

- QCD, tt, W+jets, Z-ll,
WW, WZ, ZZ i
-3 | | | L 1 | l |
. Event selection: 107300 200 300 500 1000
- Trigger: ele/mu + isolated tau for e-1,_,1-T, , Ele + mu for e-p My [GeV]

- Lepton selection (e-T,_,,HK-T,_,):

-Mu: p,>17 GeV/c, |n|<2.1, relative isol. , Ele: p_.>20 GeV/c, |n|<2.1, rel. isol.

-Hadronic Tau: HPS Tau, E.>20 GeV/c, |n|<2.3, tau id, veto against e/
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CMS :
Event selection

« Opposite charge of the lepton pair
« Veto additional isolated leptons

- m_selection in e-t,_,p-1,_,(Very effective
against events with real W)

- P, selection e-p and MSSM analysis

« Selections related to production mode:
events divided exclusively into three
categories:

. 0/1 jets with E_.>30 GeV and
E.<120 GeV

- “boosted”: one jet with E_.>120 GeV

- “VBF”: two jets, E_>30 GeV, An>4.0,
n,-n,<0, m;>400 GeV, veto
additional jets with E_>20 GeV
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TT INnVvariant mass
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0/1 jet boosted VBF

Full TT invariant mass reconstructed using likelihood technique
Significant sensitivity improvement with hard jet
(boosted category) or VBF requirements
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lon limits for H-=TT

CMS,\s=7TeV,H— 11, L = 4.6 fb™

sl T T .
© | —* observed ] +With 4.6 fb! the expected
(o) - —— expected - . T .
c 10| [ + 1o expected 4 exclusion limit in this channel
= [ [ *20expected { Is between 3.3-0., and
2 5.45-0,
R L *No significant data excess
S ¢ above expected background
. IS observed
1 *The observed limit is
s | 1] between 3.2:0_, and 7-0_,
0' T B | T B
110 120 130 140
m,, [GeV
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CMS

Higgs sector in MSSM

In the MSSM there are five Higgs bosons:

h, H, A, H*

At the tree level the Higgs sector is described

by two parameters:
tang= and m_

290 |

| = —200 GeV

maximal mixing

my* = %2[ (M2 +m;?) £ § 20 o —
(M2 +m2)2- = ° U7~
a0 150 _
dm,my* (cos?2B))?] & +— .~ .

m,. 2 =m,? + m,> 22 I
oo _-° -~ 7 tang=3 _

Large loop corrections: T | |
~ 100 150 200 250

m,<m,—m,~130GeV 2 e
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CMS :
Production modes

 The main production
modes at LHC are:

g sToun
99-¢ twi>>
g 00000

————— h,H, A

(dominant at low tanp)

q t/b

>Mgﬁﬁtf \\\ h,H,A
—

gg-bbe i o
(dominant at high tanp)

g srsooy——— t/b

&
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CMS

Decay modes

0.01

Pt T R Y
LY

I l "

| 1} i | i i |

Intense coupling | BR(h) | BR(A) I

regime: 0.1k — 0.1k — 0.1
tanf=30 i i
100<m, <140 I

0.01 |- 4 o001} -
............ 99 S i
0.00L | T, 2 0000 T 4 0.001 f
HH iyt
0.0001 | ww s 24 0.0001 | - 0.0001 |
i . 'ZZ:" 17 ¢ i i
le-05 L c1 S qeqp ' R le-05
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* depends on the point in the MSSM parameter space

« at high tanf3 BR(®-1T1)=10% — the main search mode

110 120 130 140
M, [GeV]

- at high tanf8 BR(®-bb)=90% — extremely difficult experimentally

Physics searches with
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CMS

Neutral Higgs

event selection

e Most of the selections the same as in case of

SM Higgs

. Pc selection for all search channels

.l.vis

fake 1°

& axis

vis
pE

Selections related to production mode:

- at most 1 jest with E_.>30 GeV

 Selected events divided exclusively into two
categories:

with/without b-tagged jet with E_>20 GeV
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CMS

« 50

MSSM exclusion limits

CMS,\s =7 TeV, L= 4.6 fb"

©  F [95% CL Excluded: I &

S A5E T Observed | Lo g

EF Expected ; _ 3

| +20 Expected 3

35 | I Lep ¢

30 _, ................................. T A A _;

15 E_ SRS S _E

3 -

10 ..................... A I — _;

5 . MSSM m™ sc;:enario,l\ils,‘lfSY = 1,,Te\l_§

0: T B B
100 200 300 400 500

m, [GeV]

 No significant data excess above expected background
is observed in neutra Higgs searches

« With 4.6 fb! of data CMS has covered large fraction of
(m,,tanf) parameter space
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7 Search for H*

« TWO mass regimes:
1)m, = <M,

. malnly produced In top decays

 main decay path
« Large tanp: H ST Vv
e tanB<1.: H” —cs

» search strategy: estimate the
BR(t—HDb), assuming 100%
BR(H—-tv), or BR(H—cCS)

2) M =>m,
 mainly produced in

gluon-gluon fusion
* main decay paths:H" —>tbh, 7" v

‘Main background:
QCD, W/Z+jets, VV, tt, single t

Branching ratio of H" decays

Physics searches with 18
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Neve nts

CMS ged Higgs
: lections

 Fully hadronic event selection:

- HPS E,*>40 GeV, only single
prong’ pTIeading tk.>20 GeV

- At least three jets, E.>40 GeV,
one b-tagged

- No isolated p/e with p,>15 GeV,
E . ms=>70 GeV

Nevents

- M+t event selection:

~ HPS E,>20 GeV, p.*>20 GeV,

- At least two jets, E.>30 GeV,
one b-tagged, E™*>40 GeV
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.



CMS

95% CL limit for BR(t— bH")
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0.2F

0.17

0.5}

\Ns=7TeV 1.08 fb'CMS Preliminary
_II|||||||||||||||||||||||||||||||||||||||||||||_

C t—H'b, H'>wv == Observed
L Fully hadronic final state

TBR(H>tv) =1

--ll-: Expected median
I:I Expected median +1 o
I:I Expected median +2 ¢

8090 100110 120130 140 150 160
m.. (GeV/c?)
 No significant data excess above expected background

is observed in charged Higgs searches

30
20}

10—
T MSSM m:"“, u= +200 GeV
L BR(H'>tv) =1

- hadr. +put_+ ey final states . Tevatron exclusion

‘POO

110 120 130

140 150 1
m, (GeV/c?

0

“'—-'O'JIIII

 Exclusion limits from charged Higgs searches are much
weaker than in neutral mode, but already with 1.1 fb!
much better then existing limits
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CMS searches > T R Waets

2 g . L, =0.98 fb™, Vs = 7 TeV %%:ff

« couplings to third generation = ¢ ® Data
leptons can be enhanced leading & " E
to final states that predominantly :
contain tau leptons 1

. di-tau final states with T, _,are

considered: e-T, _,H-T,. T, .4Ti.q

100 150 200 250 300 350 4883450 560
« Fully leptonic final states included in Er™ [GeV]

generic di-lepton SUSY searches > [TCHE prefminaty T [ WJets
O 10°F L, =098 ", s=7TeV BZ > o
- Event selection: Q | Izl
- p,veM>20 GeV (e/p-T,.,), p;7>15 €
GeV (ThadThad) U>J
- two jets, E.>30(100) GeV for e/u-
Thad (ThadThad)’

_ ETmiss’ HT(miss) cuts

Physics searches with 21 100 200 300 400 500 600 700 800 900
tau leptons at CMS H; [GeV]




CMS

SUSY results

. e/u-T,_, channels: two signal regions

defined: high E™ss, high H_

« T __.T . channel: separation between

had ~had

H.mssand next-to leading jet required

to suppress QCD background

« Model independent upper
limits on non SM contribution
to signal regions set by the
analyses, as no excess over
SM expectation observed

« T,.q l€ptons used in many

more SUSY analyses:
same/opposite sign
dileptons, multi lepton

Physics searches with 272
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;‘ 350: o e-t candidate events
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7]
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I 250
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150 | . ]
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B \E 7 TeV ]
500 Liy=098f" -
O B | | 1 | | | | | | | | | 1 | 1 | | 1 | | | | ]
0 200 400 600 800 1000 1200
H, [GeV]
high Hr 5lgnal region (e/u ;) LM1 LM2 LM13
ULc:r'L_L cie . [pb] 38+19 26+12 21+£15
ULe, . [pb] 4.2 2.9 2.5
high !:T 51gnal region (e/y ;) LM1 LM2 LM13
ULo, _”-” . [pb] 33+19 23+11 23+15
ULe, > . [pb] 3.7 25 2.6
T, Ty LM1 LM2 LM13
ULo"=  [pb] 39419 06+03 18+12
UL a: Tpbl 42 0.7 20
hlgh HT 5lgnal region (e/y 73) and 7, T}, LM1 LM2 LM13
UL, >, . [pb] 25+15 06+03 1.2£1.0
UL o' L: , [pb] 2.9 07 15
hlgh t"‘ 51gnal region (e/u 1,) and 1, T LM1 LM2 LM13
UL.J fIpbl 244+14 06+03 1.2+£1.0
ULg,.> . [pbl 2.8 0.6 1.5
“Lﬂ. [pb] 6.6 0.8 9.8




CMS :
Conclusions

« The CMS experiment is performing analyses
with T's in final state since very early data
taking periods

« Well known Standard Model processes with Tt
are studied as benchmarks

 Channels with T's are extensively used in the
SM and SUSY Higgs boson searches

« SUSY analyses are using T's in all decay modes
and in complex multi jet, multi lepton
environments
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