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D Introduction

* Why Higgsto tt ?

* Most sensitive channel to probe lepton couplings
o Important to establish SM predictions
e Large enhancement of production rates in BSM models (MSSM etc..)
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Analysis Overview .

Increasing S/B

g S/B~0.02 _— S/B~ 0.06 ar q
T
IIHIII<
. T-
g — q
Gluon Fusion Process q' T

VH Process

Reducing and controlling backgrounds is the key
Analysis divided into various channels

Gluon Fusion + VBF
MU, e, TT,eT, Ut

Associated production (VH)
/T, T, A0t (W/Z- iv/il, H>1r)
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a3 T, Identification

* Decay Mode based t, identification Hadron + Strip
using Particle flow objects : o i
charged hadrons + photons single I

Hadron ]

* 1% reconstructed as ECAL strips to take !
into account photon conversions in large
tracker material (full silicon tracker)

Three Hadrons

et p* 2> nfnd a, 2 W
: . . a, 2 mn?mn? a, 2 Wt

e MVA Isolation : (Used in Moriond2013) 1 1
o Isolation p; summed in rings around tau o 1-CMS Simulation, (s=7TeV
o BDT trained against jet -> t fakes g gg- Z—tTMC E

D “YrGenlnl<23
< 08 )
. . . . LL E ]
e CutBased isolation : (using for final paper) 0.7 R
o New cut based isolation tuning the 0.6F awm* S
parameters of the isolation tracks 05) pmmmmmamaoarEoes
o Correction for event pile-up 04F E
03:_ ® HPS Loose Comb df _:
020 B HPS Med Comb dp =
* Discrimination Against Leptons : 0E s WPSWVALose ]
o Electron is reconstructed as a perfect 1 prong tau q%...m...m.‘.wm.lm.l.mmm..%
. : . 0 20 30 40 50 60 70 80

o MVA discriminant against electron using electron ID variables gent p_(GeV)
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e Used only in Double-Hadronic Tau Trigger 104; o T
 L1Seed: di-tau (pT>44 GeV) OR di-jet (pT > 64 GeV) 1035 e e, ..
* Quite relaxed tau-tagging at Level-1 => large rate 1022 -, .
; + Double Tau, kni<2.17 R ] ;

10 ' E

: + Double Jet, ni<3.0 -
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w &) Trigger Selection (Level-1)

CMS 2012, {s=8 TeV, L=5 x 10% em2e
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CMS,
@} Trigger Selection (High Level Trigger) |

.

/

* Events selected using 3 type of triggers that reconstruct hadronic tau decay
o Muon + Tau, Electron + Tau, Double-Tau

e Use particle-flow to reconstruct hadronic tau decay at HLT

* Asimple cone based algorithm is employed => high efficiency, but higher rate due to
fake taus, Also higher CPU time due to Pflow (iterative tracking)

CMS 2012, 19.3 fb”, {s=8 TeV CMS 2012, 19.3 fb", {s=8 TeV

}‘ 1: T T T 1 T T T 1 T T T T T T T 1 |: }‘ 1:| T T T T 171 | L | T T 171 | LI T T |:
E = » oy = E = ' ' ' =
.Q 095 ((’" e .__E .g {]_gz E
£ 0.8 - ;
g 1 Yoot
0.6 CMS Ptivate : 0.6F CMS-Private :
05, Y z
0.4F 0.4F
0.3F : 0.3F -
E | ® Data 3 E ® Data 3
0.2 : 0.2 3
0_15 ,l + Simulation f []_15 + Simulation ——f
0:| 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 I: U_:I 1 1 1 1 1 1 1 1 11 1 1 1 1 I 1 1 1 1 I 11 :

20 30 40 50 _ 60 2 a4 0 1 2
TP, [GeV] TN

11/10/2013 H2Taus @ CMS, A. Nayak 6



; 70 Jets = ~

* Jet production rate grows

X _ ) B-Tagging : Lifetime based b-tagger
rapidly with pileup

combining secondary vertex and track
impact parameter information
* MVA discriminant against pileup

jets, exploiting shape and 5. I“fb 8 Te"u’ CMS F"relln‘||r"|aru,.r

- —
; . = - IR S
tracking variables D - R, okl ]
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4B Missing Transverse Momentum |

CMS Preliminary 2012 Z-upu
MVA Regression to compute best MET %30;' L
| ® Data Particle Flow §fr
925__ _
. g i MC Particle Flow B} ]
» Constructed out of 5 best METs (Recoils) =2 * 1
° 20 [~ ® Data Particle Flow MVA . ¢ ¢ 7
3 [ o *
» Significant Improvement in MET resolutiont q5-1 emmeer=is, .
and pileup dependency - 10{ L .
> Key to separate signal from background, 5 E
improve di-tau mass reconstruction [ ]
[ S S N NN WA S S S N SRR SR S S
% 10 20 30

Number of Primary Vertices
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&) di-Tau Mass Reconstruction '

SVFit » Mass of t Lepton pair reconstructed
via Likelihood technique, based on:

Tt decay Kinematics

*  Compatibility of reconstructed E;Mss
with Neutrino hypotheses

e  Exact Matrix Element used for t=>/vv

Vv
e * Phase-Space is used for 1>
-1 e,u,u . .
L e *  Nuisance parameters are integrated
out
CMS Simulation Vs =8 TeV HT CMS Simulation Vs = 8 TeV HT,
= 02 = 0.16[
3 C —— H— ttm, =125 GeV % - —— H—1tm, =125 GeV
Q o018¢ Q g14f
= 016:— l:lz_m,c ‘—;: B ‘:IZ—mt
E  F E o.12[ .
S 01af 2 - Full di-tau
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f Z->TT ;‘ (':‘MIS I:-‘rellimlinalry,lbf_l= 7:8 'Il'e\al', L.= 2:43: fbl'1, II-I—I> *t*::
.. ] T, EI ;’fﬂ"m
Estimated using t g 3000 0 jot B oo weak
embedded Z->up | = - =i
_& 2500 [~ 3 acb
\_ events _E - 3 bkg. uncertainty
= 2000:L
© -
4 1500 |-
QcD ;
: : 1000 |
Estimated using :
SS data 500 |-
N J
0
0 100 200 300

Preselection :

m;. [GeV]
* Events selected with well identified and isolated leptons, 1,

* Topological cuts applied (m; etc..) depending on the channel

Systematic uncertainties
* Yield uncertainty
e Shape uncertainty from:
O T energy scale
o statistical uncertainty in each bin
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Anatomy of the Analysis | —

(
EWK

Mostly W+jets
Measured from high
m; sideband

! 4

2

CMS Preliminary, ys=8TeV,L=19.4 b’

-

|

}2 LU LI LI LI L L LI LN LI

6 30000 =1t —8— cbserved

> § h CJzo

w [l I clectroweak
25000 F =

[Jacp

[z bkg. uncertainty

5000

0 .h!:‘ T -
0 20 40

60 80 100 120 140 160

m-. [GeV
 [GeV] 10




Event Categories

Enrich Signal wrt to Z->tt background

Jet p. > 30 GeV

Ojet, Low pT
High Background
Constrains Fit

|_
o
=
o
S
@)
y—
=
C
O
=
o
Q
-1

Ojet, high pT
Lepton pT spectrum is
harder from Higgs
Reduce QCD

Tau (muon in eu) > 40 (35) GeV
for high p; category.

11/10/2013

1llet, Low pT

Signal Enhancement
wrt Z

1Jet, high pT
Enhancement from both

lepton and jet
(better mass resolution)

1jet, high pT(H)
requirement

H2Taus @ CMS, A. Nayak

ML, L, eT, 1T

VBF (2 jet)

> 2let

Central Jet veto
m(jj) > 500 GeV
|An(jj)| >3.5

VBF (2 Jet)
2 jets,
high p;(H) requirement,
m(jj) > 250 GeV,
|An(jj)| > 2.5
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Event Categories

Enrich Signal wrt to Z->tt background
Jet p; > 30 GeV

’\

\J

ML, e, et, |t

/"

Do not Fit 1et, Low pT
. Signal Enhancement
for signal it 2 22U

Central Jet veto
m(jj) > 500 GeV
|An(jj)| > 3.5

Lepton (t for /1) p;

Propagate 1Jet, high pT
Constraint from Enhancement from both

lepton and jet

K 0 jet / (better mass resolution)

Tau (muon in eu) > 40 (35) GeV VBF (2 Jet)
for high p; category. 2 jets,

1jet, high pT(H) high p;(H) requirement,

requirement m(jj) > 250 GeV,
|An(jj)| > 2.5

11/10/2013 H2Taus @ CMS, A. Nayak 12



- M _. Distribution .
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CMS

Compatibility of the Higgs Signal

Combined 1 Jet and VBF

CMS Preliminary, s = 7-8 TeV, L = 24.3 fb™

< F T T T T [ T T T O Each category in each channel are
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CMS

Signal Strength c/o,

CMS Preliminary, Ys=7-8 TeV, L=24.3 fb!, Hotr CMS Preliminary, Vs=7-8 TeV, L=24.3 fb', Hott
L] I L] : L] I L] L] L] I L] I L : L] I L] L] L] I
m,, = 125 GeV m,, = 125 GeV
—® L
—— 1-Jet
L el =
. ThTh
—+——— 2-Jet (VBF)
® E’Eh :
I u'ch b VH-o11t+l
* VH-o 11+l :
: Combined —— Combined
—R\—' ombine :
L LI A I B
0 2 4 0 2 4
best fit for c/og,, best fit for c/og,

Best fit 6/05, = 1.1+/-0.4

Results consistent among all channels and categories
11/10/2013 H2Taus @ CMS, A. Nayak 15



SM Results =

Results combining all channels and categories

24.3 fb-1
CMS Preliminary, ys=7-8 TeV, L=24.3fb", H> 11 CMS Preliminary, ys=7-8 TeV,L=24.3fb " H> 11
R L B B o | L LR B L
o’ | —+— observed 3
E 3.5 :_ —_— expec‘[ed e _: g
- [ + 1o expected . . a
E 3.0 :_ l:l + 26 QXPECtEd Exp'0'77 ................. _: g
E F Obs:1.8 1 9
1
O
E«E 10-4 ...............................................................................................................
Oj : : 40
10-5 .............................. —— p-value observed
10 ..................................... p-value expected
—3s0
10-7 E, ............................................. .................... ..... ‘%
R T T T B T R BT 10-8ll||i||||i||||i||
110 120 130 140 110 120 130 140
m,, [GeV] m,, [GeV]
At 125 : Maximum Significance of 2.93 ¢ at 120 GeV
The expected/observed Limit 0.77/1.81  The Expected/Observed significance
Observation of flat excess @ 125GeV : 2.62c/2.820c

First indication of the new boson coupling to taus as expected from the SM Higgs boson
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Mass Measurement

CMS Preliminary, ys=7-8 TeV, L=24.3 fb™, Ho1t 40 CMS Preliminary, ys=7-8 TeV, L=24.3 fb", Ho1t
= L] L L] L] I L] L] L] L] I L] L] L] L] I L] L] | —— . L] L] L L I L] L] L] L] I L] L] L] L] I L L]
o _
2 c 35 —&— observed
= - —— H(125 GeV) expected
2 q 30 [ * 1o expected

+ 20 expected

] 2.5
1 _' 2.0
- 1.5
0 _ =95% CL i 1.0
i B 6s% cL . 0.5
i BestFit -
1 [ 1 1 I 1 1 1 1 I 1 I+I eIS ; 1 1 1 O-Q10
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9
Best Fit Mass : 120 T7 (stat+syst) GeV

Compatible with m,(ZZ) = 125.8 + 0.5 GeV, m,,(yy) = 125.4 +/- 0.5 +/- 0.6
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Summary .

» CMS observes an excess in the search for H=>1t with a significance of 2.9
o, based on 24 fb! of data, which is consistent with the expected
signal for a 125-GeV Higgs boson

* First indication that the new boson couples to taus as the SM Higgs
boson

* The Higgs mass in H->tt channel is compatible with resonance of m, ~
125 GeV observed in diboson channels (yy, ZZ, WW)

» Current Progress for final paper :
* Re-optimized categories, selection cuts, tau identification
o Expected significance above 36
* Analysis have been un-blinded in major channels
* Final results in another few weeks
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IRFU Contribution

» Strong involvement of IRFU along with
LLR/IN2P3 in CMS H->7t analysis

11/10/2013

Developments of HLT triggers with taus

Tau reconstruction, identification, and commissioning
Di-tau mass reconstruction

Analysis design & optimization

Contribution to final result (et,, ut, [8 TeV] channel)

H2Taus @ CMS, A. Nayak 19



Backup =
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A ut VBF candidate

CMS Experiment at LHC, CERN
Data recorded: Sun Nov 25 00:15:46 2012 CEST
Run/Event: 207898 / 97057018
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VH Categories

W/Z decay to leptons
WH -> (11 ZH -> ({11

1 Hadronict 2 Hadronic t ee/up+ All

Te U TTE possible
TU W TTU combinations

VH, H->WW-> 1 + X is also included in the channel
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VH Exclusion Limit
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CMS Preliminary, ys=7-8 TeV,L=243fb" " H— 11

Exclusion

CMS Preliminary, Ys=7-8 TeV,L=243fb " H—> 1t
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CMS,

3 Sensitivity by Channel & Category .

1 CMS Preliminary, ys=7-8 TeV,L=243fb" " H—o 11 50 CMS Preliminary, ys=7-8 TeV,L=24.3fb", H— t1
L] L] L] L] I L] L] L] L] I L] L] L] L] I L] L] - L] L] L] L] I L] L] L] L] I L] L] L] L] I L] L]
Expected Limit ' Expected Limit
of - - pp 45F-
et 1-Jet
b we el wob e 2-Jet (VBF)
- T, VH-11+()
..... HT, - =mmes H1T + VHoTTH(l)
VH-tr+(l) : :

---#--- H—>11 + VH—=11+({l)

95% CL limit on o/og,,
95% CL limit on o/cg,,

......................................... __-....!.-..‘.'.T.'.'.T‘.'.T'
L g O A menan .... ------- L

11/10/2013 H2Taus @ CMS, A. Nayak 25



Significance =

7 CMS Preliminary, {s=7-8 TeV,L=243fb  H—> 1
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Limits at low mass

CMS Preliminary, Ys=8 TeV, L=19.4fb " H— 11 CMS Preliminary, ys=8 TeV, L=19.4fb " H— 11
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The (*) symbol
indicates

correlation between
separate channels.

The (T) symbol
indicates
correlation between
separate categories

11/10/2013

Uncertainties

Experimental Uncertainties

CMS

Propagation into Event Categories

Uncertainty Uncert. (0-Jet 1-Jet VBF
Electron ID & Trigger (%) +2% +2% +2% +2%
Muon ID & Trigger (1%) +2% 429, 129, T
Tau ID & Trigger (1) +89% + 89, 8%, 8%,
Tau Energy Scale (1) +3%, +3%, 3% 139,
Electron Energy Scale (1) +1% +1% +1% +1%
JES (Norm.) (%) +2.5 — 5% F3 — 15% +1 — 6% +5— 20%
MET I:I\-Dl'm.:l '[‘l'*} +=5% +5— 7% +2 — 7% +=5 — &%
b-Tag Efficiency (1*) +10% F2% T2 — 3% T3%
Mis-Tagging (1%) +30% T2% F2% F2 — 3%
Norm. Z production (1¥) +3% +3% +3% +3%

Z — 11 Category +3% +0 — 5% +3 — 5% +10 — 13%
Norm. tf (1* ex.vbf) +10% +10% +10% +12 — 33%
Norm. Diboson (1* ex. vbf) +15—30% | =15 —30% | £15—30% +15 — 100%
Norm. QCD Multijet +6 — 32% +6 — 32% +9 — 30% +19 — 35%
Lumi 7 TeV (8 TeV) +2.2(4.2)% | £2.2(4.2)% | £2.2(4.2)% +2.2(4.2)%
Norm. W+jets +10 — 30% | £20—27% | £10—33% | £12.4% — 30%
Norm. Z — #f: e fakes 13, (1) +20% +20% +36% +22%
Norm. £ — £f: u fakes 73, (1) +30% +30% +30% +30%
Norm. Z — £{: jet fakes T, +20% +20% +20% +40%

Theory Uncertainties (SM)

Propagation into Limit Calculation

Uncertainty Uncert. 0-Jet T el VBE
PDF (1) - - +2 — 8% +2 — 8%
purfpue(gg — H) (%) _ N T10% 300
pr/ pslqg — H) (1) - - 4%, A%,
prd/ pe(qqg — VH) (%) - - ¥4, WA
UE & PS (%) - _ 49 40,
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Event Yields (CMS)
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Process (-Jet 1-Jet high pr VBF Process (et 1-Jet high pr VBF
ZTT RI833 £ 1027 | 4686 + 232 | 109 £ 11 Z— 1T 25161 + 708 | 792 + A2 7 £6
QCD 18313 + 478 481 + 38 48 +7 QCD 7706 £+ 307 3+03 17 + 4
EWK 8841 £ 653 [ 1585+ 153 | 63 £ 9 EWK 0571 &+ 510 | 365 + 53 46
it 11 +£1 155 + 11 5+ 1 tt 1+ 05 47 +4 4+1
Total Eackgmund 111995 + 2000 | 4908 + 2581 225 + 16 Total EBL"LLHTULIH{[ 42445 4+ 924 | 1207 + B2 113+ 4
H— 17 - E- 73 + 13 11 £2 H— 17 - 15 = 3 5+1
Observed 112279 7011 240 Observed 12481 1217 117
Signal Eff. Signal Eff.
gg— H - 199107 [ 851-10° gg—H - 3.94.100% [333-10°°
qq—+H - 409-10° | 346-10° qq— H . 1.10-10* | 178.10°3
qq— Httor VH - 3.00-10° | 1.60-10°° qq—+ Httor VH - 8301074 | 1.46-10°°
: Tn Ty : eu . ,
Process 1-Jet VEF Process 0-Jet 1-Jet high py VBF
L= 1T 428 £ 90 | 47 + 28 7Tt ARBR2 I 1282 | 1830 = 105 | 61 L 6
QCD 210 + 31 61 + 10 QCD 4374 + 249 395 £ 36 10 £ 2
EWK 11 +£9 1+1 EWK 1185 + 89 361 + M 7+ 1
tF 20 L R 2?42 tt 74+5 1100 &+ 66 19 +£ 2
Total Baﬂkgruund 700 + 05 114 + 30 Total Background | 54514 + 1309 | 3785 + 137 | 105 £ 7
H—:‘-TT :_1 4:&2 H— 11 —:.l:— 23_’f-1- £+ 056
Observed =18 10 Dbserved 54604 3774 118
. _ Signal Eff.
Signal Eff. gz H - 60410 * 3.7 10 °
geg— H 2.52.10% | 499.10" qq— H _ 137102 | 1.80-10-2
qq—H 5.93-107* | 1.20-10°° qq—+ Httor VH - 138107 | 132-10°
qq— Httor VH | 9.13-10* | 350107
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,:‘] Analysis Strategy

MSSM Categories

b-Tag
<1 jet with p; > 30 GeV,
> 1 b-Tagged Jet with p;

Non-bTag
<1 jet with p; > 30 GeV,
<1 b-Tagged Jet with p;
> 20 GeV
Dominated by bbH

> 20 GeV
Dominated by ggH
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MSSM Results

CMS Preliminary, H—1r, L=17 fb”
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