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Top quark at LHC: production and decay

Couplings studies in inclusive production
- tWb couplings in the production: single-top
- top couplings to Z and photons: ttZ/W and tty
- Searching for new physics: anomalous couplings and FCNC
- Measurement of top to Wb branching ratio

Studies of couplings in the event properties
- W-helicity, and CP violation, top polarisation

Prospects for top couplings studies:

- At LHC 13-14TeV
- With e+e- colliders
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top-quark production in the
standard model @LHC

Production mechanism...

o tt pairs via strong interaction:
- dominant at the LHC and Tevatron
- depends on alpha strong
- sensitive to pdf

o single-tops:
- weak charged current interactions
- t-, s-channel and W-associated
- tWb vertex in production
- Sensitive to Vtb

otop + X :
- top pair and single top + W, Z,y...

...Cross section...

g
LO x (ag/Mygp, )2
pp collisions @7/8/14 TeV: (
~172/246/950 pb g s

LO « (a*Vib]|)?2

pp collisions @7/8/14 TeV:
~ 66/85/240 pb (t-ch.)

~ 15/22/80 pb (tW)

~ 4.4/5.5/11 pb (s-ch.)

- way to probe neutral current vertices involving

top quark
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top-quark decays

o Main mechanism is electroweak: no hadronisation

b(sld) —
W decay: BR:

W - Iv (any) 0.32

W - qq' (any) 0.68

Top Pair Branching Fractions

"alljets™ 44%

T+jets 15%

1%
t::p 2%
q, | o % i+t
? \fr\} '
W 15%

- w €+jets 15%
dileptons Lepton + jets

—Liy" (1-y")V bW, q’, Vv

2+/2
o Electroweak tWb vertex:
- V-A: polarization of the products and defined W-helicity
- CKM matrix element |Vtb|~1 > T (t = b) >> T (t = s,d)
1/Miog 1/T: 1/N mMy/\?
< < <
production lifetime hadronization spin decorrelation
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Schema of the coupling
measurements

What kind of

measurement we do? >

“Intensity”:
Incl. cross section, rates...

“Properties”:
angular distributions, diff xSecs...

tt cross sections

single-top cross sections

top +Z/Wly associated
production

FCNC in single-top production
and decay

FCNC in tt top decays

top branching ratio to Wb

Top quark polarisation
in single-top and top pairs

tt spin correlations

W-helicity in top decays

CP violation in single-top

- /
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Schema of the coupling
measurements

What kind of
measurement we do? >

Where do we probe " A
Intensity”: “Properties”:

the coupling more .
effectively? Incl. cross section, rates... angular distributions, diff xSecs...
@top interaction / /tt Al sEETkE Top quark polarisation \
in single-top and top pairs

production vertex ) )
single-top cross sections

top +Z/Wly associated tt spin correlations

production

\\FCNC in single-top production
and decay

/
N

W-helicity in top decays

y FCNC in tt top decays CP violation in single-top

top branching ratio to Wb

N )
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Couplings studies in inclusive
production
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The single-top quark processes:
tWDb vertex in the production

o Single-top quark:

- tWb vertex in production t-channel W associated (tW) s-channel

- Top is produced polarised q' 9, g ! W g {
- non SM couplings can appear in W b wt
cross section and properties ¢ t
b
- All channels cross sections: g P t | ; 7 ;

proportional to [Vy|

64.6:0.2.1 pb 15.6+1.2 pb 4.59+0.19 pb
85.212.2 pb® 22.2+1.5 pb 5.55+0.22 pb
248.1+6.8pb 82.614.4 pb 11.86+0.51pb

(1): N. KidonakisPhys. Rev. D 82, 054018 (2010) and arxiv:0909.0037
(2): N. Kidonakis Phys. arXiv:1205.3453
(3): M. Burcherseifer, F.Caola, K. Melnikov: arXiv:1404.7116 All with top mass = 172.5 GeV
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The t-channel single-top

. o Most abundant single-top (o~ 1/3 x o(tt)):

q q
b - precision measurment of Vtb!
w
t - - Measurement of properties stemming from the
b ) coupling nature both in production and decay
g —

b
w arxiv:1406.7844 JHEP 12(2012)035

_IC\M\slk‘\s\:F‘T\e\l’l ‘Ff]l‘sg 1\b\.1| TTT T

i H L 2§ L Illlll_l!lll' TT T T T T 1T TT71]
o Inclusive cross sections: 3 ATLAS Loisaso’ ws-TTeV] £ o0k s s tb o
. . 2-Jet-l SR [ fg _ -_ q>) 180 :_ . t-channel
- in leptonic only decay channels: T i 160;_ H fschamel
precision of ~10% at LHC [0 W +bb, T ight ets ] - B V2 ¢ s Dosn
E z Eﬁ}Zt dboson o 140F | _ \ ool
. . . 7y, Uncertainty band 1 120 .L r
- Using MVAs to maximize A ]
background rejection " ]
: B0k
- All measurements in the 0 4oi
systematics dominated regime g  0.2F 3
o O Ty —— 0
éa&_) _0.2- ‘ ’ 3 E 0 1| | 111 111 ‘ 11| 11| Il [ L1 1 11
o 0 02 04 06 08 - 408060402 0 02 04 06 08 f

Oy NN output

Alberto Orso Maria Iorio 9


http://arxiv.org/abs/1406.7844
http://dx.doi.org/10.1007/JHEP12(2012)035

t-channel single-top:
cross sections and | Vy, |

o Cross sections @7/8 TeV

400>-<10-3- e y1? CMS, 528 TeV, L =19.7 b *, muon, 24et 1-tag
Atlas CMS S [ ATLAS Preliminary | L dt=20.31b" 15=8 TeV ] S A R A RN A AR M
o - SR ¢ data ] ¢ Data i
>~ 300 L [ t-channel ] 5. [l t-channel -
68 + 8 67.2*+6.1 3 [ [ 17, Wts-channel ] Cltt, tw, s-channel
GCJ i [ Wiiets I Wiz+jets, dibosons -
o 200F () Z+jets, diboson ] 4 []QcD multiet ]
82.6+12.1 |83.6+7.8 [ Il Multijet | [JSyst. uncertainty |
' 7/ -ch.gen®n-inter. 1 3 .
100 % - :
2 -
o |V [+ Assuming |V |, [V | <<|V | 1 i
g 0.2F ]
g 02 R
o 0 02 04 06 0.8 1 - : IT?|5
NN output i
— bs. /cytheo.
V| = V(o lofige
Atlas CMS
arxXiv:1406.7844
1.02 £ 0.07 / 1.02+0.05/
>0.88 > 0.92 JHEP 06(2014)090
0.97+0.09 / 0.978+0.04 /
>0.78 > 0.89

Alberto Orso Maria Iorio 10


http://dx.doi.org/10.1007/JHEP06(2014)090
http://arxiv.org/abs/1406.7844

The single-top quark
W-associated production

b W
b W
o Entirely different production mechanism:
b
- complementary to t-channel route to measure tWb f
properties and Vtb
CMS, Vs -8 TeV, L-12.2 fi, 1j1t g t f
7005— lil?lf}a ; g
600 E_ = g’y"ﬂets ; -
s D omaary | © Measurement at LHC with 8 TeV datasets:
L5 soof 7 - Measured in channels where both t and W decay
=0 ‘ leptonically: 2 opposite sign isolated leptons in the final state

apld 0z 03 - \tb extracted in the same way as t-channel:

T T T T
I ATLAS Preliminary -#-Data

21200F \s - 8TeV, | Ldt = 20.3 b Emwt —%
%10003— eu 1-jet 1-tag éé(i:gson . —f AtlaS CMS
'i 8002— Fakerejpetosn_f
o ey 27.2 + 5.8 23.4 + 5.4
400F- =
2002— é 1.10+0.12/ 1.03+0.12/
o , . >0.72 >0.78
s A
= %‘W /#/ Ty Wﬁ 7z =% 7

BOT RZ'S‘Lon; ATLAS-CONF-2013-100 PRL 112,231802
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http://cds.cern.ch/record/1600799
http://dx.doi.org/10.1007/JHEP06(2014)090

The R measurement

CMS, \s=8TeV, [ Ldt=19.7 fb"

'—l L) | TTrrr I LI B B )
E I s9.7% cL

0.951- 95% CL

1

o Fraction R = BR(t—-Wb)/BR(t-Wq)

- allows measurement of |Vtp]|

B(t—>Wb)/B(t—Wq)
o
W

- Unitariety limit foresees |Vib| = 0.999146

R

- Likelihood fit to jet multiplicity spectrum

CMS preliminary, ys=8 TeV, [ L=16.7 b
‘I T | T T T T T T T

IJ|IIII|IlIl|IIII|II]IJIIII|IIlIlIIII

< S°F" [SPAER EL
34_5;‘ gmé_ 0.988 <R < 1.058 -—E
4; |:: é L1 llllllll]llll]l
= o = 0.6 0.7 1 1.1 1.2
e E_ - oteg itpnen _E = Measured R
3E combined - Most precise measurement up to date:
2.5 [ Jee =
2F %Zﬁ R=1.014 £0.032 - |Vib| = 1.007 £ 0.016;
150 /A Assuming R < 1: |Vtb| >0.975 @ 95%CL
i E
05E E - combined with single-top cross section
; IS D SCLE measurement allows to measure top width:
?).9 0.95 1 1.05 1.1

Measured R P Tt > Wh)
— t—ch — +0.14
PLB 736(2014)33 I, BoWb] o™ 1.36; 1,
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http://dx.doi.org/10.1016/j.physletb.2014.06.076

The top pair vector boson/gamma

associated production
o tt + W/Z:

CMS preliminary L=19.7 fb" at ys=8 TeV
T 2 /NDF=2502/1a | !
=1761

Npon = +120 ta
Nh':': 4288 + 1629 [ Stat. uncert. . MC
o o

-Measurements with 3-4 leptons (CMS)
or 2-3 leptons (Atlas)

N
(=]
o
=]

ZN

Number of photons

1000

o tt + gamma:

Fit residual

- together with ttZ, probes ewk
Neutral Currents

T T T T T T T T T
ATLAS Preliminary @ Data Wiz
L=203fo" 1s=8TeVv

Evenls

oitt z) = 150 (Atlas) = 56 / 200 = 80 (CMS) fb
VS ~ 197 * 24(theo, (1)) fb

Data/Pred

o(tt W) = 300 + 130 (Atlas) / 170 = 110 (CMS ) fb
VS 206 *+ 22 (theo, (1)) fb

6,y ]

o(tt y)=2.4 = 0.6 (CMS) pb VS 1.8 = 0.5 (theo. (2)) pb

arxiv:1406.7830 ATLAS-CONF-2014-038

(1): automatic computation with aMC@NLO, J.Alwall et al., arXiv:1405.0301

(2): M. Melnikov et al., PRD83 (2011) 074013
B
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http://arxiv.org/abs/1406.7830
http://cds.cern.ch/record/1644573?ln=en
http://cdsweb.cern.ch/record/1735215

o top decays:

- FCNC can give t->u/c + g/z/y:Can be searched for in events

with 2 tops

Search for non-SM couplings

- Several BSM theories can be parametrised through
similar dimension-6 operators.

- CMS and Atlas look for events with 3 leptons, 2 of which

generating a Z boson resonance.

14 | L B

% _I L 1 TTrTrT T I TTr T I LI B 17_

(O] - ATLAS ® data
N 4ol ---- fis WbZq signal_|
2 i_[l.dt=2.1 o' B vz ]
2 yo- [ ]t sm ]
S 15} W z+jets ]
B dibosons 1
8- 777 bkg. uncertainty
6l % ]

- %

4 é 1
- s ]
ol 2 4 ]
i VA7 G 1 ]
o~ lae PA5 | ﬁ‘f’»- dosuraon 1]
80 85 90 95 100 105

m, [GeV]

Events / 20 (GeV)

 CMS, (5=8TeV + oaia
1, =19.7 "

T

|l—>2q (B=0.1%) |
M : ]
v R, iz ]
l B »: .
i s

[ ]ww, wz, zz
..........
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tt and FCNC in decays

u/c u/c

Z/y

BR(t—»Zq) < 0.73% (Atlas) /

< 0.05% (CMS )

PLB 716(2012)142-159
PRL 112(2014)171802
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http://dx.doi.org/10.1103/PhysRevLett.112.171802
http://www.sciencedirect.com/science/article/pii/S0370269312008489

Search for non-SM couplings
top associated production

o single-top + Z/gamma production:

- Low cross section at LHC in the standard

model (~0.2 pb).

- Susceptible to enhancement from BSM FCNC

- analyses exploiting trilepton / 1 lepton + 1

photon selections

CMS PAS-TOP-12-021

€ [CMS preliminary at 7 TeV, 4,9 1b
© [ —— Predicted

o

S —e— Observed

E - Expected £ 1o

o 10t +

=

Te)

[}

03 0.4 0.5 0.6 0.7 0.8 0.9
Kzl A

95% CL Limit on o (fb)

-
Q
™

u/c

— Predicted

—e— Observed

- Expected + 1o

Expected + 26

-

rCMS preliminary at 7. TeV, 4.9 fb

T I I L T B L
2 22 24 26 28 3 32 34 3.6 38

Alberto Orso Maria Iorio

Kool A

CMS PAS-TOP-14-003 i

E_DELPHI

T T T T

T
95% C.L EXCLUDED REGION

LI I B

C cDF —— ‘:
-—
— -
L -~ Theory —
E ZEUS, H1 . -~ (A =my, = 175 GeV) 3
7
7
/7

/ E

/ ]

/ ]

CMS Pmlirlninaly i | |_
0.1 0.2 03 0.4 0.5

Ktuy
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http://cds.cern.ch/record/1700519?ln=en
https://cds.cern.ch/record/1563579

Search for non-SM couplings
single-top production

CMS preliminary, Vs=7 TeV, L =5.0fb"

o Single-top quarks: . . E

- Can be produced via FCNCs >NW< m; L

together with u —» e o e
g /q/g 4G — t¢ g9 — te 4> i% = “ie , ma&&u:.ﬁ;, ;w :

t _ warene o

- Searched for at 7/8 TeV }_{ = P s e i

- Also, possible to search for g tq cg = tg
right-handed vector components

o -
=1 1.2
% 1.1 W 5
% 0-8-1 -0.8 -0.6 -0.4 -0.2 O 0.2 0.4 0.6 0.8
= NN output
- = _ £l
CMS preliminary,\s = 7 TeV, L = 5.0 fb” CMS preliminary, s =7 TeV, L =5.0fb /
0.05 -3
14 <
L [T 95% CL observed < E 95%°t°§*”:: — Zq o - @ @ @@ -
S [ 68% CL observed 20.045 68% CL observ > 14f
13— g R @ F|Ld-1a27\s-8Tev ATLAS Preliminary ]
= e 95% CL expected 0.04 —— 68% CL expected '_' L y
12; —— 68% CL expected e ‘E’:’|< 12k ]
i 0.035 ~ = b
11: S ., 10F ‘“5 Excluded regign.. ]
. . 0.03 r =~ b
CMS PAS-TOP-14-007 i =<2 1
= ’ 0.025 8f > ]
.......... C N ]
0w T 6 Observe .
S r —- Expected \ 1
08" [
07— =
06:‘ I I T I T T L 00 0.02 0.04 ; ‘0(‘75‘ ! ‘0(‘)5‘ ! 01 o [ S I L | L .\u. . \:X10-3
0 0.05 0.1 0.15 0.2 0.25 03 : : : : LA 0 1 > 3 4 5
it teg Kogt oV
A
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http://cds.cern.ch/record/1702400?ln=en
http://cdsweb.cern.ch/record/1562777

Couplings studies through
event properties

Alberto Orso Maria Iorio
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W-helicity in

top-quark decays

o W-helicity: fraction of left (F;), right (Fg) and longitudinally (F,) polarized Ws is predicted
by the SM and it's sensitive to anomalous tWb couplings

o Reflects on the angular distribution of the lepton and the W-boson in the W rest frame

1 dr

p{cnsﬂf) = chnsﬂ?

6/* (note: use lepton in the W

rest frame, W in top rest
frame)

3
8

JHEP 10(2013)167

300 s (5= 7 Tev, 5.0 10

P
i |

B viets & DY+eis

W v — P > - . Single Top

® Muon+jets

.8 4 i ;
1 rl).B 05 04 02 o 02 04 'os e
cos(6%)

MC/data

Alberto Orso Maria Iorio

3
(1 —cos8;)*F. + é{l + cos 8] )*Fg +

4

3
sin® 8 Fy

JHEP 06 (2012) 088

-%2000‘—' '
31800
1600[
1400}
1200[

10002 3

800"
600F
400[

T | T '| T B

I ATLAS single lepton channels
_ 1 ® Data B
_[Lle.DMb — Best fit R
r - SM exp. _‘
- Bkg best fit

r & :I Unc. best fit -

of .
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http://dx.doi.org/10.1007/JHEP10(2013)167
http://www.springerlink.com/content/l80l8734631n7421/

W-helicity in
top-quark decays

e+jets; leptonic branch —_—{— 4
o From the cos6* distribution:
_ (FL)' (FO) Values Can be obtained combined (e,)+jets; leptonic branch - i+ o
in decays of tops from all production modes
ji+jets; leptonic branch) T ==+ +O+
P . NN A i I .
= thIS IS done mOStIy In ttbar but also 0'5 055 06 D“ift D‘?D"ﬁ 030;5 0.15 02 025 0.3 035 04 045 05 -0.15-01-005 0 005 01 015
. . F. F. F-
can be done in single-top events e ————
ATLAS _[ Ldt=1.04fb" Fr FL Fo
— N NNLO QCD
Combination
& L N ~ema Data (F/F /F,)
g I ATLAS WOl ] gt CMS{E=7'I"eV,5.D#b'1 T Template (single leptons) - - A
0.8 . %%CL - ¢ 03F Muon and electron channels, combined .58% cL 4 Template (dileptons) | B
- | allowed regions ] F ] Asymmetries (single leptons) e - e
0.6:_ det:LOMb ) ’ _Z 02 D95% CL Asymmetries (dileptons) - - — s
0.4F . 015_ * SM _% Overlall combinatilon - .- | b |
Ozi j E VL=1!VR=° E I . I ‘ I . . I ‘ I o I . ‘ 0.5 ‘ I . I 1
; ; 0; A 1 W boson helicity fractions
T SN 1 o ] o Constraints to anomalous couplings:
0.2 7 0 E =
© TopFit Vi=t V=0 02; e, AN o .
B o e R e i - Extracted limits on BSM anom. couplings (G;,Gg)
feg)  rwtweTew@won from the measurement of (Fp,Fy)

(K

JHEP 06 (2012) 088 JHEP 10(2013)167
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http://dx.doi.org/10.1007/JHEP10(2013)167
http://www.springerlink.com/content/l80l8734631n7421/

Top polarisation
in top quark pair production

CMS, 5.0 fo'at Vs=7 TeV

| | T T T T I T T T T _
- —»— (Data- bkg.) unfolded ]
065 Syst. uncertainty
— MC@NLO parton level
06
= 5 ]
L 055 —
w0 C ]
8 B
§ 0.5 _Ff=—lf‘ Jf $4——%F *
o]
© C
L 045+
— r PRL 112(2014)182001
0.4F =
035 F'_ 1 1 L 1 ] L 1 1 1 l 1 1 L 1 J L 1 1 L __
-1 0.5 0 0.5 1

cos(6y)

o Top quarks in strong production:

- produced unpolarized: reflects into
Decay products distribution

- Studied in both CMS (semileptonic) and

Atlas (dileptonic and semileptonic channels). 0 08060402 0 02040608 11 08060402 0 02040608 1

e*
(in the top /
frame)

l Vl
: b
S AU franaze Ot
Ezoooi o VTV L P, ap- 03 -
?l PRL 111(2;;;;232002 j

cos 6(¢*) cos8(¢7)
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http://dx.doi.org/10.1103/PhysRevLett.112.182001
http://prl.aps.org/abstract/PRL/v111/i23/e232002

top-quark polarisation
in t-channel events

o Top quark decay products distributions stems from the V-A nature of the coupling:

dl’ I 1
Toostn = E(l + Py cosBy) = F(i + Ay cosfy)

- 8x = angle between the top decay product X and the top spin axis

- Ax = spin asymmetry, depends on the top polarisation CMS-PAS-TOP-13-001

o We measure: 6* in leptonic top decays:

T e
s data CMS preliminary Vs = 8 TeV, L = 20 o'

s-channel

r—y Muon channel, 2J1T BDT > 0.06
it i ;

Bl DY

v

H diboson
QCD :

{ 3stat. + syst. H

i 800
//A 600

b
> 400

v 200
f*(inthetop ~  peeses
rest frame) \ _ 1
l cos 9"
° Obtalnlng the top pOIarisation: ‘:f“i e .----5...'——*-- S S S IO S T T
2 o;———:.'f_'_ L T s s S e, PP . A
P = 082 £ 0.12(stat.) £ 0.32(syst.) L SRS S S S S S S
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http://cds.cern.ch/record/1601800

CP violation in single-top
t-channel events

o Using top polarisation axis st, taken from the recoil jet j, and with g, one can define:

N n
AgB:N(c056N>O) N(cos9 <0):O.64P3(gr)
N(cos8">0)+N(cos0"<0)

where the latter is a CP violating component of the tWb lagrangian.

- Measuring: 8" in leptonic top decays:

L LN I DL I ILAN L AL L L IR B
N - ATLAS Preliminary s ATLAS data .
S 250 2jets 1b-jet muons B e shann E
N — = C | Ldt=4.661b" e ]
N -_— St X q g) B Z+jets, Diboson N
j o 200— \s=7Tev B Multjet ]
/ _'G_._) - W, MC stat. + multijet unc. —
] - ]
o L —
2 150+ -
~ 5
100
HN
\Y} 50
W
l S 155 =
. s . ~ = B e e e B ot it 4 ot 4 14 0 B 18 1 5 S 0 15 g e R
» Obtaining 95% CL constraints on 3(gr) S o5E E
© SN R BN B PR R S B B R
] -1 -08 -06 -04 -02 0 02 04 06 08 1

3 (gr)e[—0.20,0.30] cos 6"
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http://cdsweb.cern.ch/record/1527128

Prospects for the future

Alberto Orso Maria Iorio
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Run 2 top couplings:
FCNC studies @14 TeV LHC

o FCNC in top decays:

—_ 1E| Frrrr LR LR T T T T | L ||||||‘ [ ||||Iz

- will greatly benefit from the increase of S F 05%CL. 1
statistics L F EXCLUDED |
T 1075 LEP REGIONS

- signal/background ratio will become far = CDF S E
More convenient - Lo 1
- Will become crucial to improve or keep - ATAsER) E
same performances for JES and b-tagging 0%l CMS (4.8107) oW
- ATLAS Simulation s -

~ extrapolated to 14 TeV: J

4L : _

B(t—Zq)  |300fb '@14TeV | 3000fb | @14TeV | 'O Froeeeey ot Fev
C g ! ! sequentia ]

Exp. bkg. yield 263 268 S _
Expected limit < 0.027% < 0.010% 105 i 4 e =
10 range 0.018—0.038% | 0.007 —0.014% F 4 (dsormnan) ] | :
ATLAS PHYS-PUB-2013-007|tAa.

Note: the plot doesn't include all results presented in this talk
.

Alberto Orso Maria Iorio
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http://cds.cern.ch/record/1605885?ln=en
http://cdsweb.cern.ch/record/1564937

What are the perspectives
@e+e- colliders?

2

Luminosity [10* cm2s™]
o

0 1000 2000 3000

- Transverse polarisation of the beam:
will allow energy calibration through spin
depolarization in circular e+e-.

- Longitudinal beam polarization can be
exploited for asymmetry measurements

o Production of tt pairs:

- Production with e+e- beams at 350 GeV:
pure ewk process

- will need precise measurement
of the beam energy

arXiv:1308.6176

40

30

20

Polarization (%)

o e Bunch 1

e ¢ Bunch 2

I
|
‘ ﬁ
2
l‘v ’
‘,.M‘ :
13 GQ T
: :ﬁ Bunch 2 colliding
|
|
|

22:00 24:00 02:00 o4 .'00 06:00 08:00 10:00

Alberto Orso Maria Iorio
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http://arxiv.org/abs/1308.6176

@e+e- colliders: studies with
polarised beams

& t

o Top ewk production with polarized e+e-:

- Allow to probe features of the ewk vertex ttZ

- Anomalous form factors might be visible at the vertex

- s = 360 Gev -
------- Vs = 500 GeV —

“ - Ve = 1000 Gev Measurements of top couplings and FCNC:

Vs = 3000 GeV +

7 - top polarisation and forward-Backward asymmetry
] in production can be measured

- They are directly sensitive to newphysics, probing

?g scalar and tensor- like anomalous couplings, see also
for instance PRD 83(2011)016010
- FCNC can be studied in top decays and
production as for LHC
- both improve by increasing beam polarisation
BN 0000
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@e+e- colliders: precision
ewk tt threshold scan

o tt ewk production threshold:

E‘ 1_2 LI I T T T |' UL | T LI |' T T T T 1 1 T T T ] LI I UL
- High precision measurements will allow % ii threshold - 1s mass 174 GeV 1
to constrain SM parameters £ 4 ~NolSRNoBs _
o — ISR only (TLEP) s
- top mass, decay width, and Y| i
yukawa coupling to the Higgs will be o) ]

measured with an unconceivable precision
for LHC

. . . 04
- Main uncertainties: as(mz) and beam energy

0.2

o
[=2]
T T | T 1 | T 1 | L | L | T 1

- Experimental effort will be needed

in tandem with a specific effort to reduce N T T T T T
theoretical uncentainties on 342 344 346 348 350 352 354 356
electroweak top production \'s [GeV]

arXiv:1308.6176

ILI|III|III|

Mtop Ftup }"tcrp
TLEP | 10 MeV | 11 MeV | 137
ILC 31 MeV | 34 MeV | 40%
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http://arxiv.org/abs/1308.6176

Summary

o Top quark couplings study at 7-8 TeV:

- Showed to be an exciting field to check the standard model predictions and
look for deviations due to new physics

- tWb vertex could be studied both in production, thanks to single-top, and
decay,mostly in ttbar decays

- FCNC could be probed extensively, although it has space for improvement

- Still open for new ideas and creative ways to exploit at best our knowledge of
the SM

o In the future:

- With the LHC run 2: all analyses will greatly benefit from higher statistics as
well as improved signal-to-background ratio

- tt electroweak production at e+e- colliders could allow steps forward by orders
of magnitude on the knowledge of crucial parameters of the standard model

Alberto Orso Maria Iorio
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Thanks!
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Backup
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Perspectives for SM measurements:

ttZ and single-top

o Signal and background cross section variation, 8 vs 13 TeV:

Single top t-channel 8TeV 13 TeV Ratio 13/8
t-channel(signal) 85 210 2.4

tt(background) 246 810 3.2

W+Jets (backg.) ~ 34k ~63k ~1.8

Single top W-assoc. 8TeV 13 TeV Ratio 13/8
tW (signal) 22 71 3.2

tt(background) 246 810 3.3

Z+Jets (backg.)(1) 1.2k ~2k 1.7

top pair + Z 8TeV 13 TeV Ratio 13/8
ttZ (signal) 0.2 ~0.7(3) 3.2

ttw (signallbkg to ttZ) 0.2 ~0.6(3) 3

WZ (background)(2) |34 66 2.0

o Main uncertainties:
- t-channel single top: theory modeling --> NLO matching procedure + flavour

scheme

- tW : signal and background modeling

- For ttZ / ttW : statistics, lepton mis-id, background control
.

Alberto Orso Maria Iorio

(1): Computation with
FEWZ 3.1

(2): Computation with
MCFM 6.6

(3): MCFM, Campbell, Ellis:
arXiv:1204.5678v1f
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Perspectives for FCNC and anom. couplings:
broader picture including e+e- colliders

o We can add:

- Measured single-top + gamma FCNC @LHC
- Anom. Couplings in the Z vertex

- Possible FCNC in tt decay and single-top

decay+production at e+e- colliders

unpolarized beams

([P.-, [Pe]) = (80%, 45%)

Vs = 500 GeV
BR(t — Zq)(y) 6.1 x 107" 39 %107 22x 107"
BR(t — Zq)(0,,) 48 %107 3.1x10°° 1.7x 1075
BR(t — 7q) 3.0x 107 Tx 107 03x10°°
Vs = 800 GeV
BR(t — Zq)(y) 59x 107" 43 x 107 2.3x 107
BR(t — Zq)(oy) 1.7x 107 1.3x10°° 7.0x107
BR(t = vq) 1.0x 1075 6.7x 107 3.6 %107

Alberto Orso Maria Iorio

ﬁ\ 1 % TTT \‘ TTT \‘ \%
O £ ZEUS(q=u) 95% C.L E
1 = EXCLUDED REGION ]
o 107" |- DELPHI _
\ o  LC.COF E
m [ Do 7
102 = ATLAS =
3L ]
10°E cums E
10* = cMs =
E Preliminary H1 E
C (q=u) (q=c) (g=u) ]
10-5\ Ll Lol ul 1l
10° 10 10° 102 10 1
BR(t — qy)
Vo |Case| Coupling nclividual [t from asymmetiies
Ay(q) Moll) AE ) A (0)
ReS 2% 107 eV
| Rel A2 x 10 TeV-*
A0V T |12x107"TeV LOx 107 TV
[m$ (2.8 %107 eV~
++ | Rel 12X 107" TV 10X 107 eV~
[ S0 TeN
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Top lagrangians for anom.
couplings @different vertices

See also ). Aguilar-Saavedra,

o tWb vertex: Nucl.Phys. B812(2009)181-204
9 7 4 - 9 e _
Lwip = ——=0"(VLPL + VRPR)IW | — (9L PL +9rPr)t W, +h.c.
V2 f M
o Anomalous couplings givning tZq and tGq FCNC: Some BSM models reviews:
- ). Aguilar-Saavedra, Acta Phys.
L= . 3‘]‘ Fo'v T . LP + RP Go ) Polon.B35(2004) 2695-2710
qgf Vg, o Talfa PLt fa Pr) G - F.Larios et al., Int. J. Mod.
Phys.A21(2006) 3473-3494

Eq! T FL R
tot P+ f*P Z ,] + h.c.
\/_ﬁw f f R) Zp

o tZt vertex:

i Z [5'.{;1”“”{1)1’!7”!1 (¢ ””[’;u{i[’fl
= 19\ (A g i
Li=LR e \/:
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