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Particle reconstruction of interest for top quark physics
o(pp — tt — 1t,) measurement and search for H* in top decays
Measurement of B,_y, /B;_\, and |V;,| determination

Summary
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Why top quark activities after H(125) discovery?

v' the heaviest elementary particle (m,,, ~ 173 GeV/c?, such as the W)

v Yukawa top-Higgs coupling, y; = \/imt/(qﬁO) ~ 1

v only quark with properties fully predictable in Perturbation Theory:
Tiop ~ 8 X 107%°s < h/Aqcp ~ 2 x 107**s

a) Precision measurements of SM properties
(e.g. cross sections, m,,,)

b) Test deviations from SM in many observables

all hadronic

tau + jets

c) Most relevant background process to New
Physics searches

W+
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Z (cm)

ECAL |n|<3.0 & Tracking |n|<2.5

Trigger:
- single or double (isolated) leptons

Leptons:
- e/u/%,, pt> 20-30 GeV/c

- identification/reconstruction
- tracker/calorimeter isolation
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Selection of top quark events

Jet:
p;=84.1 GeV/c

n=-2.24 Missing E;:
\ 22.3 GeV
- Jet:
Jet: e p;=85.3 GeV/c
p;=89.0 GeV/c ! n=2.02

n=2.14
Jet:
p;=90.5 GeV/c
n=-1.40
Muon:
< / pr=71.5GeV/c
CMS /" n=-0.82

/

Run: 163583

= 2
Event: 26579562 m(tt)=1.2 TeV/c

Jets:

- at least 2 jets, py> 30 GeV

- anti-kT algorithm, with cone 0.5
- b-tagging

Missing Transverse Energy:

- typically E+> 30-40 GeV



, , JINST 8 (2013) P04013,
Reconstruction of b jets |cwms pas BTV-13-001

b-tagging: crucial for accurate searches & property measurements in top quark decays

Input observables: v eff. directly measured on tt data events

* impact parameter, secondary vertices v isolated leptons guarantee high purity
(b-hadron lifetime ~ 1.6 ps) v methods based on consistency fits,

e transverse momentum relative to the jet axis observed vs. expected — syst. from th. shape

(b-hadron mass ~ 4.8 GeV/c?)
CMS Preliminary, 19.8 fb'at /s =8 TeV
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m =1.78 GeV/c?

— Largest Higgs-lepton coupling!

Narrow “jet” with only a few

particles, typically isolated

y conversions in the tracker
v low py "strips” in the ECAL

v' charged hadrons
v’ decay modes
reconstruction

Calorimeter “strip"
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JINST 7 (2012) P01001,

Reconstruction of T, arXiv:1401.5041

* Branching ratios:
— 65% T, 4V,
e 75%, > 1nt + [n%(‘s)] + v (1 prong)
© 23%, t>3rt + [0(‘s)] + v, (3 prongs)
— 35% T2 vy,

CMS, 19.7 fb' at 8 TeV
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v fake jet — t rate measured both in QCD
multijet and W(—nv)+jets events

v different parton compositions: analyses
must account for both — systematics

CMS Preliminary 2012

L MVA2 Isolation

® HPS MVA2 Loose
B HPS MVA2 Medium
v HPS MVA2 Tight
%
i

Fake-rate

HPS Loose Comb dp
HPS Medium Comb d
HPS Tight Comb dp
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T, efficiency and fake rate

arXiv:1401.5041

JINST 7 (2012) P01001,

CMS,\'s =7 TeV, 36 pb”
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T misidentification rate for jets
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Measurement of o(pp — tt = 11,)

v' 1 isolated lepton (e/u) + 1 OS <, with py > 20 GeV
v  MET > 30 (45) GeV + at least 2 jets (at least 1 btag)
v W+jets, tt — lep+jets are the dominant background with jet — T, fake

PRD85 (2012) 112007

v the knowledge of this rate is the main measurement uncertainty = 10.8%
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CMS Preliminary, o, summary, Vs =7 TeV

CMS e/u+jets

PLB 720 (2013) 83
(L=2.2-2.3/fb)

CMS dilepton (ee,uu,eu)
JHEP 11 (2012) 067 (L=2.3/fb)

CMS dilepton (6/}l+thad

PRD 85 (2012) 112007
(L_2 2/fo)

CMS 1, tiets
EPJC 73 (2013) 2386 (L=3.9/fb)

CMS all jets
JHEP 05 (2013) 065 (L=3.5/fb)

158+ 2+10+ 4

(val. = stat. = syst. = lumi.)

162+ 2+ 5+ 4

(val. = stat. = syst. = lumi.)

— o h e o o r o a ey

143+14+22+ 3 !

(val. = stat. = syst. = lumi.) |

152 +12+32=+ 3

(val. = stat. = syst. = lumi.)

139 +10+26+ 3

(val. = stat. = syst. = lumi.)

— NNLONNLL (top++ 2.0), PDFALHC, m_ = 1725 GeV
Czakon et al., PRL 110 (2013) 252004, arXiv:1112.5675 (2013)
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Search for the H* boson

Decays of the charged Higgs boson:

» light H" (my, <m

top

» heavy H" (my, >m

JHEP 1207 (2012) 143,
CMS PAS HIG-12-052

) decays primarily to T+v_

) decays primarily to tb and t*v_

top
BR(H" — ..) BRH — ..)
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7T — hadrons 7T — hadrons ™ = Yy,
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JHEP 1207 (2012) 143,
H+ search strategy CMS PAS HIG-12-052

v’ lepton+t, and muon+electron final states (e.g. e + T—p) are studied
v improved strategy in u+t, exploiting T features in hadronic products
v dominant systematics due to tt background events

\s=7TeV, 4.9 fb' CMS Preliminary
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-4 -+ @ [ — HIm_=120GeVl
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pr spectrum is studied 0.15
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to infer a charged Higgs signal 01F P77 sy N
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L. JHEP 1207 (2012) 143,
H+ search limits CMS PAS HIG-12-052
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CMS PAS TOP-12-035

Measurement of By yu/Bi_wq

* An indirect |V,,| measurement and a search for the 4" generation fermions

Br(t — Wb)
Br(t —Wq) Standard Model |V,l,|2 +

3 quark generations |Vb|
I

- R, =0998

2
2

+

R

7 7
I/rs I/d

f

* Analysis performed in (2,3,4) jets x (3) dilepton flavour categories

CMS preliminary, Ys=8.0 TeV, | L=16.7 b
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CMS PAS TOP-12-035

Data driven inputs

- jet-top assignment probability from data

CMS preliminary, {s=8 TeV, | L=16.7 fo!

. . . . . 5 T T T T T T T T T T T T T T T
- b-tagging and mistag efficiencies fromdata 3, [ | %» T
. 9 45:_ 11325000 i . __:
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4__ IZ-ZDJ. __
normalization from data - :
3.5 - 3
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CMS PAS TOP-12-035

Results

: ... | IR - - 1: 1.023")7 CMS-PAS-TOP-12-035 r:om]
Source Uncertainty (%) / ._._ 1+j: 094" CDF Note 10887 (2012)
Statistical 0.4 7
Systematic 3.4 o - 11: 0.981') 04 CMS-PAS-TOP-11-029 (2012)
Individual contributions: Noae | 1 1 i lj: 0.95™°%"
b-tagging efficiency 1.9 A “: 08;3’% D@ PRL 107, 121802 (2011)
stat 0.5 / : H : : : ' gl
I\:Itistag s 0.9 7 R T S R 1:0.97% D@ PRL 100, 192003 (2005)
B(W — (v) 0.2 8 & o8 F T "
DY 03 A —.— 1j: 1.03% D@ PLB 639,616 (2006)
Fake leptons 0.1 ——
JER 0.9 A » R :‘: 11:4;;‘,’,34, CDF PRL 95, 102002 (2005)
JES 1.0 » T =
Luminosity 0.2 l- ; 4031 . ’
;| - o 1j+110.94'! CDF PRL 86. 3233 (2001)
ME-PS 1.2 w24 R T TR R R R AR -
Pileup 0.2 0 02040608 1 12 14 16 18 2 22
Q? 1.1 R=B(t— Wb)/B(t—= Wq) [ 195% CL
Selection efficiency 0.2
Signal 0.2
Simulation stat. 0.2 R = B(t — Wb) =V |2
Single top cross section 0.1 E B ( ¢ — Wq) th
st 1.1
correct W 40018
Extra sources of heavy flavors 0.9 e |V | =1.011", (stat. -+ Syst_)
Total 3.4 ’b —oot7
V,|>0972 @ 95% CL

R =1.023% g, (stat. + syst.)

Federico Nguyen R >0.945 @ 95% CL
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Summary

v' top (tau) is the heaviest elementary particle (lepton) —
most sensitive particles to eventual BSM states

v' deep understanding of the CMS detector and improved analysis
algorithms allow for accurate studies in the sector of top couplings

v with the tools developed for the o(pp — tt — 1t,) measurement:
stringent limits have been put on the MSSM parameters space in the
search for the H* in fop decays

v' world's most precise measurement of the b-quark content in
top decays has been performed, assuming 3 fermion generations —
the best CKM |V,,| determination

15
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The CMS detector

CMS DETECTOR STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter :15.0m Pixel (100x150 pm) ~16m* ~66M channels
Overall length  :28.7m Microstrips (80x180 um) ~200m? ~9.6M channels
Magnetic field :38T
SUPERCONDUCTING SOLENOID
et et Niobium titanium coil carrying ~18,000A

Large gas tracking
system for u detection

All Si tracker /

(area ~ 200 m?)

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chamb

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

Calorimeters inside

3.8 T, r = 3m solenoid L S
N

CRYSTAL
ELECTROMAGNETIC

Hermetic up to CALORIMETER (ECAL)
. ~76,000 scintillating PbWO, crystals
~ B n units

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

100 kHz readout rate
(~1 MB event size)

.=?'r
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CMS in action: L1 trigger system

5 GeV Jet seedf

improved cuts already at L1 =

<) SRR L R L R L R R B

£ 12 _ : re'imina . : H";' : —_

v’ goal: must keep high & redundant efficiency g ] it ANE
for interesting signals (leptons, MET, high p+ ¢ [ SPTmemesComeen ke @
. '|‘S) inst QCD cses 8 oa:__ ___________ ______________ ______________ A— ]
JETS) ORI R procesee 5, CMSLljJee  /
£ T hoetsesd A

. . . .| Energy Sum -~ |

v’ pileup rates ~ 2x the design expectations: BT I S o B B

l..J..J...}...l...L

%000 2500 3000 3500 4000 4500 5000 5500 6000 6500
Instantaneous Luminosity [1 03°cm'25'1]

HCAL ECAL

» L1 Trigger
» 40 MHz input from calo and muon
» dead-time free
» 100 kHz selected events

4 iso-elY,4 ely,4+4 jet, 4T
Ev,Er, Hr, Hr

commissioning,
Runl operations,
— Run2 perf. & data quali
final decision unzp quality, 18

“Level-1 Accept” Upgrade (see J.Carlos’ talk)

L1 Trigger:



, , JINST 8 (2013) P04013,
Reconstruction of b jets |cwms pas BTV-13-001

CMS Preliminary, 19.8 fb' at Vs = 8 TeV

T : —= _
:,.-P' JCT Pr'ObiIIITy . . gfeﬂgzhfgss,ample E g?‘rﬁ?rrlkgluon splitting
likelihood evaluated per jet with £ c quark

I uds quark or gluon

associated tracks, those with IP are
given larger weight

CSV, Combined Secondary Vertex:
secondary vertices and track-based
lifetime combined into a discriminator

—_
-

o
O
.
(=]
p—y

Data/MC

e e D e e
02 03 04 05 06 07 08 09 1
CS8V discriminator
’r
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The Particle Flow Algorithm

Calorimeter jet:
— E=Eyea + £

— o(E) ~ calo resolution
to hadron energy:
120 % / VE

— direction biased (B=3.8T)

VS.

| — 65% charged hadrons
| * ofpT)/pT ~ 1% :
: * direction measured at vertex|
| — 25% photons i
| * o(E)/E~ 1%/ VE :
* good direction resolution |

— 10% neutral hadrons |
N+ o(E)/E~120% /VE s

- )

particles

20
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