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Introduction

Top quark at LHC: produced mostly in pair via strong interaction
Single-top quark: production via electroweak interaction, involving tWb vertex

H

W= S- channel b

t-channel S tW-associated

Why single-top?
* Sensitive to new physics!

* FCNC, Anomalous couplings

* New particles (W’, charged Higgs)
 Characteristic scenario for SM

We will look at
* Production cross sections of t-
channel and tW associated

production
measurements * Top/anti-top production ratio
* Top polarization, W helicity, . IVpl pp
tb

top mass, |V,|

* Background in searches : \'1;31;151?3:?{ 1zi;;11t;(i)rr11 le-to
» SUSY, Higgs ! > :



t-channel cross section

SM expectations (http://arxiv.org/abs/1210.7813v2)

7 TeV

0= 65.9*2'1+1'5_0_7_1_7pb

8TeV Light jet (j°) with large
0= 87.2*25420 1 4 5,pb / pseudorapidity, 1,

> High p; lepton (, e)

Cross section
depends on |V |

| Missing transverse
energy (MET)

b\ b-quark jet, high p,, in the central
part of the detector

b

| Additional soft b-quark jet

Selection: 1 lepton + 1 jet + 1 b-tagged jet + MET-related requirement :


http://arxiv.org/abs/1210.7813v2

t-channel cross section at 7 TeV

Three different analyses

Neural Network:
Backgrounds and systematics
as nuisance parameters

Template fit
with data driven
backgrounds
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Combination of all analyses:

Events

CMS (s=7TeV L=147f"

z
S

—s— Data

- t-channel
I 7, s-channel, tW
Il V2 + jets. Diboson

QCD multijet

G, o =07.2+£3.7(stat) £3.0(syst) £ 3.5(th.) £1.7(lumi.)

JHEP12(2012) 035

Events

_1 ) -|||-|||. D-

Boosted Decision Tree:
Backgrounds and systematics
as nuisance parameters

CMS\'_ ?Te'u’ L 15[—:ﬂ::‘
Eleclmn'zjets‘llrtag

—s— Data

- t-channel

- 1, s-channel, tW
Il W/Z + jets, Diboson

QCD multijet

04
BOT output


http://link.springer.com/article/10.1007/JHEP12(2012)035

t-channel cross section at 8 TeV

In;| analysis ported to 8 TeV (p+jets)

Also top-pair modeling from data
CMS Preliminary, 5.0 fb'1, \s =8 TeV

1200

1000
.ﬁ, tW-, s-channels

.WfZ+jets, dibosons

[ Jaco
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CMS-TOP-12-011
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Result: G, 4 =80.415.8(stat) £11.0(syst+th.) £4.0(lumi.) 5



t-channel cross section overview

) oy t-channel single top quark production
. o Y e s e N A e S B A
Cross sections: '6' i B CWMS preliminary, 5.0 fi"
7 TeV: 67.2 +6.1 (total) 102 ®  CMS,1.17/1.56 fb
8 TeV: 80.4 + 13.0 (total) - o

Cross sections ratio:

1 0 = Y NLO QCD (5 flavour scheme)

= theory uncertainty (scale @ PDF)
Campbell, Frederix, Maltoni, Tramontano, JHEP 10 (2009) 042 |

Rg/7) = Ogrev/ O7Tey =
1.14 +0.12 (stat.) £ 0.14 (syst.)

., IC ] ] | NLO+NNLL QCD n
OHI‘)} /'7_]/ anal)}SIS IS ConSIderedfrom 1 = e theory uncertainty (scale @ PDF) ]
7 TeV E Kidonakis, Phys.Rev.D 83 (2011) 091503 ]
—
0 2 4 6 8 10
Measurement of |V, | Vs [TeV]

With tWb vertex in production — cross section depends on |V, |

- o}
Assuming |Viy|, [Vis| << [Vl —> |V, = O_obs.
the.

7 TeV: V| =1.02 £ 0.046 (exp.) + 0.017 (theo.)

If [Vy| <1 —>  0.92<|Vy|<=1 @ 95% C.L.

8TeV: |Vg| = 0.96 + 0.08 (exp.) + 0.02 (theo.)



t-channel top/anti-top at 8 TeV

t-channel top quark charge: inherited from the quark in initial state

Valence u and d quarks contribution generates
difference in top-antitop cross section

—> depends on proton parton distribution function

In; | analysis: fit performed on positive and negative
charge leptons simultaneously:

O

top

O

antitop

£ 3500

CMS Preliminary, 12.2 fo'', Muons +, {s = 8 TeV

_|-e-data
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W-helicity measurement

* Probes the anomalous couplings in tWb interaction

_ 1Y
L=——L0y"(V R +VePIW, +——Lb % (g B + g P)W, +h.

V2 v2 o m,,
« Anomalous couplings are reflected in angular decay distribution cos(6,")
coso;*
 Partial decay of top quark / N !
1 dr WY

=§(1—cose,*)2 F +%sin2 0, F, +§(1+ cosO, ) F,

I"dcosé; / / /
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o n iy o MM 4V 10 258 560 45
IJ | ] I T — 4 ReV Ve +10.[" +[gel 10, +X0)
t D t W t —4x2Re g g +...
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W-helicity measurement (single-top topologfh,

First measurement of W-helicity fractions in single-top I 74 !

w+t W 1

A reweighting method employed in a binned likelihood b
fit using cos(0) variable b t9 b

Simultaneous measurement of W+jets and W-helicities
Only t-channel with highest rate

Signal is every process that includes t = buv
Contributions from top-pair events are taken into account

W boson is reconstructed using W-mass constrained solutions for p,,

800 CMS preliminary, 1.14 fb" at Js = 7 TeV CMS preliminary, 5.3 tb™' at Vs = 8 TeV
£ —eo— data + —e— data
c
Results at 7 and 8 TeV w-hanel | = e
- L -channel
. . . 5 700 a s_-channel 600, s-channel
are combined using their 3 - i T
£ Bl W+Jets C \
: : =} 500— Il W+Jets
likelihoods 2 -z ets - = palets
74 stat. Unc. r gCD
C ) Stat. Unc.
‘L'Q‘L
ov”
&
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cos(6") cos(0")



SM at NNLU Th'QuD i

——&—— CMS (u+jets, 2.2 b 5 =7 TeV)

Phys.Rev.281(2010)
— Statistical Unc.
Systematil: Unc. ATLAS (1.04 16" f5 = 7 TeV)
Total Unc.
— CODF full Run Il {arXiv:1211.4523)
— & DO(PRD 83, 032009(2011))
- CMS preliminary(u+jets, single-top|
topology, 1.14 fb™' f5 = 7 TeV)
———#————1 CMS preliminary{u+jets, single-top|
topology, 5.3 fb! fs =8 TeV)
[ e e e e 1
1 1
1 CMS preliminary(u+jets, single-tofM '\
FR 1 topology, Combination iv
1 | 1 !LLALJ B 1 LL4L | LLiJ L LJ!
0.2 0.1 0 0.1 0.2
0.6
r —e— CMS preliminary, 7 TeV @ 8 TeV
L I - o Statistical Unc.
= e Systematic Une.
0.5~ — — Total Unc.
o —+— SM @ NNLO in QCD
r Phys.Rev.D81(2010)111503
0.4
u-osf
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q;/17/?m1?\‘|\\I‘\I\\l\\l\lllll
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F,

1

7 + 8 TeV: consistent with SM

F, =0.293x0.069(stat.) =0.030(syst.)
F,=0.713x0.114(star.) £ 0.023(syst.)
F, =-0.006=0.057(stat.) £0.027(syst.)

performed in top-pair

Results from single-top are competitive,
despite smaller statistics
Single-top and top-pairs: independent

datasets: gain in combination. &
_ CMS preliminary, 7 TeV @ 8 TeV §
L V=1, V=0 :
TR Assuming V, =1, V=0,
B limits are set on the tensor
0.5— .
- couplings.
~, 0 .
g Best fit values:
a© |
0.5
B g, =-0.014, g = 0.007
- Bl @9s%ceL
T [ @ss%c.L.
[ ¢ Bestm CMS + TopFit
-1_51—||||\\||||‘\||||\\||||||\\||||‘\|||||| 10
-08 -06 -04 -02 _0 02 04 06 038
Re(g |



Top quark polarization

q q/ Ve New physics in tWb vertex alters the top =

e : : S

polarization :

M Single-top quark in t-channel: 2

t\i produced 100% polarized in the direction of %

B down-type fermion due to V-A coupling :

=.

g B % dcize - 51+ Py 0s0) N

* The sample is statistically a : ' \, 0,=4(l,q’) in top
mix of T and | top quarks top polarization rest frame

* We measure the spin asymmetry: _ _ _
Correlation degree or spin analyzing power

N(T)—N(i)_i. o SM: a,;~ 1 for d-fermion
N(DH+NE) 2 ¢

A =

11



Top quark polarization

q ~ New physics in tWb vertex alters the top =
polarization z
Single-top quark in t-channel: "
produced 100% polarized in the direction of é
down-type fermion due to V-A coupling E
g 1 dr :£(1+PtozI cosé)) ~
_ o I" dcos g, :
* The sample is statistically a — \, 0,=4(l,q’) in top
mix of T and | top quarks top polarization rest frame

* We measure the spin asymmetry: _ _ _
Correlation degree or spin analyzing power

N(T) - N(i«) 1 o SM: a,;~ 1 for d-fermion
NH+NE) 2

A =

Experimentally:
we select the t-channel event: 1 lepton + 1 light jet + 1 b- tagged jet +.

data . —_ i _ B
soof- . Signal (tchandglj—CMS Dfellmmﬁrv 5=8TeV,L=20M"

[ s-channel
L -QN Muon channel, 2J1T BDT = 0.06
L & | 4
600 EMDY
/ [ mmw P S— ]
| WWdboson L eeed i
[ o, { et
stat. + syst. H
’ 400 i ” .
9 = 4 I F T 1
I _ ( ) F M E
200 weE =




Top quark polarization

The output of a Boosted Decision Treeisusedto F_"~ " "*" """ 7" "= .~ "~ "}
) ] ] o preliminary Vs =8 TeV, L 320fb" B signal {t—chanr}?_l_!_ -
1. Determine the background contributions 10 Muon channel, 2J1T w3
. . tt
2. Enrich the signal sample 10° A -
Bt ]
104 == =nony L St?t- +syst
Control samples used to validate backgrounds O |
- L] L] 3
MadGraph W+jets shape is corrected with SHERPA ™

102

The detector effects are resolved via unfolding O3DT output

T T T T T T k T T T T T T T T T ><‘1|0?|' L L
- ) After BDT cut ’ N 3 reliminary Vs =& TeV, L= N
800 |~ g o) ¢ chaniiel~~CMS preliminary {S =8 TeV, L=20 | @ CMS prelminary (5 =8 Tel. L =20
[ g Schannel Muon channel, 21T BDT > 0.06 A=0422007 (stat) £ 015 (syst) 7
B -:%N ; 4 200 iunfolde;:leék(a'gaOWHEG) N C b = t.
H - enera m
600— =\E}VY e %genemted (CompHEP) ~ =womseee] ombination
| W diboson e i ] i
B {::]CiCtD+ syst
stat. -
AOQ [ ool A =0.41+0.06(stat) £0.16(syst)
200 -
I 1
i A=—P.o and¢, =1
—————————————————— [o] ] | | 2
1 0.5 0 0.5 1 -1 0.5 0 05 1
cos 0* cos o”

Muon A =0.42+0.07(stat) = 0.15(syst)

P, =0.82+£0.12(stat) = 0.32(syst)
Electron A =0.31+0.11(stat)+0.23(syst) CMS-TOP-13-001 13




tW-channel cross section: selection

SM expectations (http://arxiv.org/abs/1210.7813v2)
7 TeV

o= 15.620.4+1.1 pb

8TeV

o= 22.220.6x1.4 pb

Two isolated leptons (uy, ey, ee)

One b-jet from top decay b-quark (1j1t)

g W _ Missing energy from two neutrinos (MET)

MET ambiguity: Not possible to fully reconstruct the top quark or W-boson

14


http://arxiv.org/abs/1210.7813v2

tW-channel cross section: main backgrounds

Top pairs * Veto the second b-quark jet (7 TeV)
* Looking at p; (system): o T
3 pr of (Bys +Er™)
» Using control regions with
b 2 jets and 1 or 2 b-tagged Sl i
b to constrain the top-pair Sl
SEET normalization in the fit g L1 5
(2j2t, 2j1t) Vo w e w0

Z + jets for ee and ppu channels

O * Veto lepton pairs under the Z-mass peak,
p S 90-x GeV < m, < 90+x GeV
* Cut on missing energy, E,™s > 50 (30) GeV at 8 (7)
TeV
: - Do O * Normalization is corrected by a data-driven factor
b * Correction is extracted using events inside Z-
mass peak

Others are negligible -



tW-channel cross section at 7 Tev

A Likelihood fit is performed on a BDT (4 var.) output over all three channels (u,
ey, ee) and all three regions (1j1t, 2j1t, 2j2t) wl NS, G=TTev, 49107 [S0m

- [ I
800 |— B 2y +jets ]
& Other

Templates for signal and background taken from £53 Systomatic |
simulation :

Uncertainties included in the fit as nuisance T Y ARIRHINY
parameters

CMS showed EVIDENCE at 7 TeV

-10to-099 -0%9t0o-0.7 07to07 O07t05 0599%t01.0

BDT discriminant

Significance: 4.00 (expected: 3.6*%8 ) o, MSNEET TRV AT 5
C Cut-based: 155 pb e egets
. 300~ 3.50 (exp. 3.2+0.90) -gthter e
Cross section: 16** . pb : o

Events

[Vipl: 1014016 5 5 (exp.)*003 4 o, (th.)

Constrained |V, | < 1: |V, | > 0.79 @90% C.L.

Phys.Rev.Lett 110, 022003 (2013)



http://prl.aps.org/abstract/PRL/v110/i2/e022003

tW-channel cross section at 8 TeV

A Likelihood fit is performed on a BDT (13 var.)output over all three channels
(1p, ep, ee) and all three regions (1j1t, 2j1t, 2j2t) T Prefiminary, .’E—smu‘&lf’;"’ g
Lt +jets
B Other
A Syst

600-12.2 fb” ew/pw/ee channels (Il
. E 1)1t
Templates for signal and background taken from s00F-

simulation £ conf-
o

Uncertainties included in the fit as nuisance WE
parameters 100F- ol

CMS showed the FIRST OBSERVATION at 8 TeV 8 %‘WMMWMl%

[* Data
Significance: 6.00 (expected: 5.4*1° ) ==
L Hjets
Cross section: 23.4*>> . , pb @ %0
L;';,.j 200

[V, |: 1.03  0.12(exp.) + 0.04(th.)

Constrained |V, | < 1: |V, | > 0.78 @95% C.L.

CMS-TOP-12-040 T B BB Ve v

BDT Discriminant



Summary on CMS single-top cross sections

o [pb]

102

10

101

ICMSI Preliminéry

Single top-quark production

t-channel

NNLO Kidonakis [arXiv:1210.7813]
® CMS, JHEP12(2012) 035

4  CMS, PAS-TOP-12-011

NNLO Kidonakis [arXiv:1210.7813]
(3 CMS, Phys.Rev.Lett 110, 022003 (2013)

Sy CMS, PAS-TOP-12-040

7 8 9 10 11 12 13 14
\'s [TeV]
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Search for FCNC in tZ events

tZ final state is sensitive to two types of anomalous couplings

uje ¢ u/e ¢
A f - - U/f' v
Z A

Z-uy, ee t—>Wb — buv, bev

Rare signature (low statistics) : 3 lepton (eey, ppy, pue, eee) + 1 b-jet + rejecting
low mW

Backgrounds

* Fake leptons in Z+jets: Normalization from template fit on m;", shape from Z+jets
data

» WZ+jets: Normalization is left free in limit calculations

 Others (sub-dominant): ZZ+jets, top-pairs, tZq

Limits: obtained based on a likelihood fit on the BDT (11 var.)discriminant after

selection
CMS-TOP-12-021 19



Search for FCNC in tZ events

Likelihood fit on BDT output to obtain the limit on cross section @ 95% C.L.

CMS Preliminary 4.9 fb'at s =7 TeV CMm3 Praliminary 4.9 fo'atr/s = T T&V
w FT T T T T 7T I LI UL L T T T T T T T | TTT I TT m
2 120 :—eeé, UMW, ely, eep channels 1€ 100 —eeé UMW, ely, éep channels .
|_|>_| 100} « Data ] |_|>_| L * Data ]
- - - b
- I noo-prompt Lepl. I non-prompt Lepl. -
801 I 1, single top i I 1, single top
I [0 tZg 5M [ t2q 5M
- — {Zodpb — Zoiph
60
40t
20f
of
2
_3 II ” _-u|III|III|IIIIIIIIIIIIIIIIIII|III|III|III-
-1 -0 8 -0 6 -0.4 -(LZ 0 {I 2 0. 4 'I} 6 -1 08 -06 -04 02 0 02 04 06 08 1
BDT v BOT output for get
CMS Preliminary 4.9 fb! CMS Preliminary 4.9 b at\s =7 TeV
2 -eee, [, el eep chann. w’ ] £ "™leee, ifly, ey, éey channels ]
g r 19 _ i
w + s Data L I *  Data ]
L -y E I % 4
I I non-prompt Lept. | I : 3 _ I ron-prompt Lept. |
L I i1, single top ol R 11, single top -
3 = 23 5M L [ 2 5M ]
_ — Zoipk I — Zoipb ]
3 3
2f 2
1 1 +—0—-_¢_,_._ _._—}——'}— +
0 0
- IIIIIIIIIlIIIIIIIlIII - I|III|IIIIIII|IIIIIII
1‘l -0 8 -0 6 -0,4 -'[IJ 0 02 04 06 08 1 11 -0 8 -0 6 -0.4 -0.2 0 02 04 06 08 1
BDT cutput for Zut BDT cutput for Zct

CMS-TOP-12-021 20



Search for FCNC in tZ events

—_10? —
£ [CMS preliminary at 7 TeV, 4.9 7 £ |CMS preliminary at 7 TeV, 4.9 i’
g ot —— Pradicted i : ; =] — Predicted
g : —— Observed E 10° :_ —a— Ohserved
E - - Expected + 1o E : . Expected £ s
d || e Expected+ 20 d .....
= =
& &
-
No New Physics
10 B 10 e
- 3 L i i | Lol i i | e s
Limits set on the anomalous s RS R R

Kgul A

Couplings at 950/0 C'L' E [CMS preliminary af 7 TeV, 4.9 M g
g [T VAW
E i Expected = 4 i ! E

Anomalous Brs Sl = -

Coupling strength results i B

translated to top quark
anomalous branching fractions  «.~

B P P I AP PPN IS PP U S O R
03 04 05 08 07 08 09 2 22 24 2B 28 3 32 34 36 38

Kz A Kzl A
Improved results
Expected at 8 TeV couplings | Expected | Observed | B(t — gq/Zq)
Kout/ A 0.096 0.096 0.56 %
Koct /A 0.427 (.354 7.12 %
Kz /A 0.492 0.451 0.51 %
Kzet/ A 2701 2.267 11.40 %

CMS-TOP-12-021 =



Summary

/ * CMS is performing extensive searches and measurements in single-top \
events

* The first observation of single-top in tW-channel is reported

 All measurements so far are consistent with the SM predictions
* No sign of new physics yet

* More measurements and updates with the full CMS dataset is underway

e Stay tuned
\ https://twiki.cern.ch /twiki/bin /view /CMSPublic/PhysicsResultsTOP /

L
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