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OUTLINE

- Physics motivation: why top quark flavour physics
- Top quark production at LHC
- Top flavour measurements

Vid, Vis & Vi

- Anomalous Wtb couplings

- Flavour changing neutral currents (FCNC)

- Searches of new quarks: 1" and b’
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Up Quark Charm Quark Top Quark
~0.002 GeV 1.25 GeV 175 GeV

PHYSICS MOTIVATION:

: [
why top quark FLAVOUR physics? - °* @
Vud Vus Vub \ u c t
The LHC is a top factory Vekm = [ Vea Ves Vo |t T !\ Tw
| | |
Va Vs Vo) [0 11s
Top quark is very different from the other 5 quarks: e e B

short life-time: it decays before hadronization I'~1.4G6eV-> the spin info
is passed to its children

high mass
> Wb dominant mode

Top quark can be a window to new flavour phenomena. In the SM:
charged current mixing: |V,,|>>|Vi4l, |Vicl: = Wb dominant
FCNC very suppressed because m>>mg .t BR(t>Zc/yc/gc) < 10712
CP violation effects vanish (probe Wtb anomalous couplings)

Therefore: measuring V.4, Vi, top FCNC or CP violation within the SM
is extremely hard at hadron colliders!
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TOP QUARK PRODUCTION

Top quarks are produced in pairs (strong interaction) or
single top quarks (electro-weak interaction)

Discovered at Tevatron in 1995 > Top: The TevatrOn Particle

Single top quark observation in 2009 at Tevatron

LHC is a top factory: data collected
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The analysis here presented have been
performed using (a fraction of) 2011 data.
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Single Top Quark Candidate Event, 2.3 fb™ Analysis
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TOP QUARK PRODUCTION

Top quark pairs @"’- 'q
Strong interaction ?g\w<
O (7 TeV):165+11_16 pb

NNLO approx. calculation
for a mfop=172.5 GeV (Moch, Uller)

Single top or

electro- weak m’rer'ac’non

i S P

gluon- gluon fusion quar'k anquuar-k

annihilation

h

T- channel W1t-channel s-channel
Cross 1.96 TeV 7 TeV
sections ;= S0 O = L0 (G NLO with NNLL corrections
t-channel 21+0.1pb 64.6 = 2.4pb for am,,=172.5 GeV (N. Kidonakis)
Wt 0.25+0.03 pb 15.7+1.1 pb

s channel 1.05=0.05 pb 46+0.2pb
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WHAT WE “SEE" IN THE DETECTOR?

Combined |

electrons, muons, jets, b-jets and neutrinos

> this requires an excellent calibration,
alignment and performance of the detectors

=

+ Smcgr:;:i';fon * Depending on the W (coming from the
top quark) decay, one can identify

£ several final state channels

i; Di-lepton

[

> top quark decay involves all possible products:

channel °
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Vi, Vi.and V., imits
with observables like:
- R(BR(t->Wb)/BR(t=>Wq))
- single top cross-sections
- top rapidity
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CMS-PAS-TOP-11-029

R=BR(t=>Wb)/BR(t=>Wq) measurement

The three mixings (generation changing couplings) can be extracted
with combination of observables:

BR(1 —Wb) V.|
ttbar: ratio BR(t>Wb)/BR(t>Wq) K= BR(t —=Wgq) AR A A

d.s. b

R expected to be 99.8%
DO experiment measured R=0.90+0.04 |
(PRL 107 (2011) 121802; arXiv:1106.5436)

also by CMS in dilepToniC ch. ("'22 fb_l) ﬂ?%(Rvo'zE) — [R?'em(bb) +2R(1 — R)e™(bg)

* count # of events with m b-tagged jets + (1 - R)2™(qaqi)] oB°(t — Wg)L ,
* obtain R from likelihood max. I ity
S £ =TT TT TT Poseon(NEA" &) 057 6)) TT[Goue (%,
B ciu:':e ;Z::i:?ﬁv' L,.:zz—rb‘,;,',,,‘_. €L jets=>2 k=0 X

Nuisance parameters
such as b-tag efficiency

-------------------------------
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arXiv:1205.3130, ATLAS
V, measurements CMS-PAS-TOP-2011-021, CMS

> from single top cross-sections
> assuming SM V-A coupling:
and |v‘rb|»|v’rd| |v‘rs

0 = Ag|Vial* + A Vis|* + Ap|Via|?

meas

2O

2
. V Vlb ,SM =1 V _ M
tb meas th,SM -
O‘SM

q
; :> < CMS o(t-ch.) = 70.2+5.2(stat.)+10.4(syst.)+3.4(lumi.) pb
g

b ATLAS o(t-ch.) = 83+4(stat.)?0 4 (syst.) pb

\I vtb I/
Experiment Channel | Vi | rel. exp.
precision
CDF & DO discovery s+t channel @ 0.88 +0.07 (exp.) = 0.07 (theo.) 8.0%
(3.2 fb1 & 2.3 fbl)
CDF (7.5fb}) s+t+Wt 0.96+-0.09 (exp.) +- 0.05 (theo.) 9.4%
DO (5.4 fb'l) t-channel 1.02 +0-10 .. (exp. + theo.) +8.7% / -9.9%
CMS (1.14fb1/1.51 fb1) t-channel 1.04 = 0.09 (exp.) = 0.02 (theo.) 8.7%

ATLAS (1.04 fb1) t-channel 1.13 014 .. (exp. + theo.) 11.9%
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. . arXiv:1002.4718
th, Vts and th llmltS J.A.Aqguilar-Saavedra, A.Onofre

Combining R cmd single top cross- sec’non

1.5 T T T T T T 1.5 T T T I T T T
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Including top rapidity...
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Including all single-top channels (+-ch, Wt-ch. and s-ch.)
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Anomalous Wtb couplings:

- single top cross-sections and R(o/0y,,),
- top decay observables (ttbar and single top):
helicity fractions, A., Agg,...
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AnomalOUS VV tb Couplings arXiv:0803.3810, J.A.Aguilar-Saavedra
arXiv:1005.5382, J.A.Aqguilar-Saavedra, J. Bernabeu

arXiv:1205.2484, ATLAS

- CP violation requires: j\ }\ CMS-PAS-TOP-11-020, CMS

SM tree-level SM tree-level

+
Heavy
new ph\ sics

NP, maybe loop effective vertex

- New physics can be parametrized in terms of an effective Lagrangian:

— 9 7 » - g 104“(]‘ D » - -~ =b.-b. =
Lww = —617Y#(VLPL R)f W, - \/_/ Mo L R.)f W, +hec. 9=P+~Po=Pw

where V|, Vi, g, and g are complex anomalous couplings (SM: V=1, V=g,=g, =0)
supossed to be Hermitian - CP violation in SM occurs in complex phases.
a general Wtb interaction will affect:

helicity of W boson decay (ttbar and single top)
density matrix of a polarized top quark decay (arXiv: 1005.5382)
the cross-section will include additional terms:

o = Osy (VLZ + k"R VE + KEVRV VR + K9 g2 + KIR g% + KIL9R grgp + . .. )
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W helicity fractions (ttbar)

Polarization of W bosons in fop quark decays are sensitive to the structure
Wtb-vertex (limits on the anomalous couplings).

Helicity of W manifests itself in decay product kinematics.

cos@™: angle between the charged lepton from the W decay and the reversed momentum direction of
the b quark from the top decay, both boosted into the W boson rest frame

Negative
Helicity
f =0.30

1

t b

i

Zero

|

|

Helicity
f,=0.70

b

Positive 0.8
Helicity 'C"D‘ )
f =3.6x10 o o
-8 0.6
I 0.4
L g 0.2

H*ﬁy/ﬂl
I — |eft-handed !
[ = longitudinal J
I right-handed o
._ = cum (SM) VI/
v,

05 1
cos 0

071 V=1 and gg=g,=V,=0
Fozrﬂlrm
Fo=Tp /T,
F =T /T (rescaled)
o nmp \ /
AFB
A, €| A
III»
r III» 7]
<=
0.75

T
SM

| dI
[ dcosd*

3
8

3

oy

(1+cosé)* Fr+=(1-cos#) FL+ —(I —coszﬁ*) Fy

o0

4

-0.25 0 025
cos 0%

[z=0]
[Z=_(22/3_1)] = A+ =

j=AS

[Z=+(22/3 _1)

In SM: F.=0.30, F, =0.70, F, =0

3
= Apy =~ (Fy ~ F,) = ~0.2225(L0. SM)

+3AF0+(1+ B)F,] =+0.5482(LO, SM)
“3BF0+(1+ B)F,]=-0.8397(LO, SM)
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W helicity fractions (ttbar)

cn
Fol
o

arXiv:1205.2484, ATLAS
CMS-PAS-TOP-11-020, CMS

2 techniques to extract helicity fractions: © sl ATLAS  singelepton chammets
o . . . o Th i
- f1t the measured distribution S | fra-ron’ @ Unfolded data |
3 0.4k % SM expectation -|
- asymmetry method Lo B s —
W = ey
:'"|"'|_"_'|"'|"'|"'|"'|'-wﬂets 0.3 ]
300:_ CMS preliminary Singilo Top ;,,,_*,,,W; | 1
2505_ + + -DY+]ets 02:_ _:
200;— j 0.1+ P
150 i+ i
100 0.567 + 0.074(stat.) % 0.047(syst.) 0 ""%5 0 05 1
- F, = 0.393 4 0.045(stat.) & 0.029(syst.) cos 6
_ I I I P
A | Fr = 0.040 :l: 0;035 (stat.) = 0.044(syst.) ATLAS det 104ty R F.
§1_ T | LI L’I-I T | l-l T I |-¢-I | LI L‘I-I T I I-I T | I-I-I I T
E I-I | L1 I I.I-I | | I 11 | 111 | L1l | 111 | | I I.I - NNLO QCD
€1 08 -06 -04 02 0 0.2 04 06 0.8 .1 Combination
cos®) ws Data (F_/F /F,)
leltS tO anomalous cou llngS Template (single leptons) - e
F B Template (dileptons) HOH| A
1: ATLAS 68% CL ] Asymmetries (single leptons) ~e- - A
0.8 95% CL  — Asymmetries (dileptons) o T i
- . Overall combination e ki
0.6~ j Ldt=104 fb-1 allowed regions _] P RS B ST . T P Lo
» ] 0 05 1
0.4 — A TLA S resu ITS: W boson helicity fractions
- . >
0.2F - = Re (C33 10"
o+ 9r9L - Re (Vi) € [-0.20,0.23] — % € [-6.7,7.8] TeV 8%
: 5 ' °
0.2 ERE:) , ( nebaw) ) OT V2
o4 ToPF v=tv=o 7 | He (9.) € [-0.14,0.11] — €[-1.6,1.3 Te
' o4 02 0 oz 04 Re( )
Reg) | Re(gr) € [-0.08,0.04] — —u“ € [-1.0,0.5] Tev—2

4
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FORWARD-BACKWARD ASYMMETRY IN THE NORMAL DIRECTION
arXiv:1005.5382, J.A.Aqguilar-Saavedra, J. Bernabeu

For un-polarized top quark decays, the only meaningful direction in the top
quark rest frame is the one of the W boson (and b quark) momentum.

For polarized top quark decays further spin directions may be considered:

Transverse and normal directions

. :
e 0 —> Angle btw. lepton (in W rest frame) wrt.

5 = topspin N to the W boson (in top rest frame)
6" — Angle btw. lepton (in W rest frame) wrt. N

T
—GxN 0 — Angle btw. lepton (in W rest frame) wrt. T

q1

meaningful for polarised r decays

(e.g. in single top production)

— Helicity (8))
--- Transverse (8?)
Normal (BT )

First goal: measure the forward-backward
1 asymmetry in the normal direction since it is very
| sensitive to complex phase gg:

Events (normalised)

/‘i\iis ~ (.64 PIm gg (Vi = 1)

1 dr 3

3 3
X\2 pX X\2 pX . 2 X X
For the future: T deos OF = §(1+0036£) F++§(1 —costy)” F~ + 7 sin 6, F
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More about POLARIZATION FRACTIONS

0.3_ T T T T I T T T T I T T T T I T T T T ] 0.25 T T T T l T T T T I T T T T I T T T T 0.70 [ T T T T l T T T T l T T T T l T T T T ]
i — Reg, ] i — Regy| ] C — Regy ]
L - Re R ] 0.69 |- - Re -
FIS - g,L 020> : gf = r g,L ]
i - ReVp i \ ----- Re V| | C | Re 7
- \ 0.68} oo,
. |O 20 N‘2‘0 lg.__.”\—‘_ff:.- - ,___..,_‘v——v‘_'__‘_‘_‘f‘ — Tt z
,0-20 &0.15F e ] <Y
: / S i ] 0677
0.151 : . 0.10 . L
L - 0.66
010-| [ | | i Oog-u PRSI (N T ST S TR NN ST ST S SR N SR ' .- 06§—| [ | | | L]
0.2 0.1 0 0.1 0.2 0.2 -0.1 0 0.1 0.2 202 0.1 0 0.1 0.2
coupling coupling coupling
0.5 0.25 , , , 0.5
N i — Imgy.Img;
L L e Im VR i L
0.45 0.20 — 0.45
) - L _ _\\__m o / - L
L, 04 i i 0.15 _—‘-—«———-«-— ----------------------- g . 04 i
0.35 0.10F - 0.35
0 3 [ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 i 0 Os I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 i 0 3 [ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0.2 -0.1 0 0.1 0.2 0.2 -0.1 0 0.1 0.2 0.2 -0.1 0 0.1 0.2
coupling coupling coupling

Helicity and transverse polarization fractions are much more sensitive to Re g,
while the normal is sensitive to Im gy

L=

cl/S/8¢

sAeoap yienb doy ul uonezuejod A\ wod) soIsAyd ma - J89e|] OUBIO|\ BLIBI



Combination of observables & limits to anomalous
Couplings arXiv:0803.3810, J.A.Aguilar-Saavedra
arXiv:1005.5382, J.A.Aguilar-Saavedra, J. Bernabeu

Predicted limits for anomalous couplings assuming a precision of the observables:

OB e [T — Z‘: Top observables
051 ozé . Re VL S 0.62 (O’ )
S o [g,=8,=0 0'1; Re VL Z 1.21 A
i o OF
o5k 4“; Re VR S —0.111 ( )
: osf Re Vg > 0.18 s
-1.0_— -0.3;
OHHOZHI|04””(‘)/.i”HOSHHIHHI- ”'ﬁ):.s FE— § |Im VRl >0.14 (p+)
Limits improved with single- Combining with top decay Re g, < —0.083 ()
top cross-section ratio for top observables as A, and pg, pr, Re g1 > 0.051 P+

and anti-top: R(0y/0y,)- from ttbar and single-top.

Im g;| > 0.065  (py)

06T T T
02f -
S . ] IIm gg| > 0.115  (A}p)
= °F ;
02F 3
||| 04fF F®dodA =
R (R onine O E o FEo®ADALY

I-llllllllllll I IllIllIlIIlll-
-O'Q).G 04 02 0 02 04 06
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28/5/12 Maria Moreno Llacer - Top flavour physics - Flavour Workshop (IMFP 2012)

Flavour changing neutral currents



FCNC (Flavour Changing Neutral Currents)

In the SM, the FCNC are forbidden at tree level and suppressed at higher orders.

BRinSM 2HDM MSSM R SUSY QS
t—qZ| ~107" ~107" ~10° ~107> ~107"
t—qy| ~107% ~10°% ~10°% ~10°® ~107°
t—qg | ~107” ~10% ~10™> ~10*% ~ 10’

Limits in the FCNC couplings tqV, with q=u, ¢ and V =y, Z, g have been set by searching effects

both on top production and decay.

o A

Single top production can be important probe to
strong FCNC

cross-section proportional to BR

Ttbar production probe top FCNC decays:

t—qZ
(2jets+3l+missing)

t— gy
(2jets+11+1~+missing)

t—qg
(3jets+1l+missing)

gt v

FCNC couplings

direct production gg—t+X
top + jet production gg—qt+X
(pp — t + jet) 9g9qg—gt+X

qq—qt+X
top + gauge boson production | gg— yt+ X
(pp— t+~/Z/W) gq—>Zt+X

gq— Wt+ X
top + Higgs production gqg—ht+ X
(pp — t+ h)

cl/S/8¢
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FCNC: “tqg” 1n single top production

arXiv:1203.0529, ATLAS

cl/S/8¢

Limits set by ATLAS searching for direct production:
qg~2> t >Wb with W->1lv

- Expect cross-section O(1 pb) =
- Selection: 1 lepton, MET, 1 b-jet QZ)
. o
- Neural network to separate from SM backgrouns: 11 inputs < ——— Significance (@) 3
(@)
E izggg';_"_"_xsl""”"”"”"H"'L"‘”"”; g 7000:""\""|""""""|""\""|""|""|"": pVTV 57 —
— Ldt=2.05fb,1s=7TeV — =2 L A _ . 5
~ - f ! = 2 000k ATLAS det=2.05fb,\s=7TeV E AR(b-jet lep) 28 B
© 4000F ° g?:trauo( 100pb) 3 g - g?;tﬁo( 100 pb) 1 L h 22 o
%} E — o= i > F — =100 pl _ ] ™
S 3500F = LI <4 Y s000F = et Pragged - epton charge '_|
F single 10 ] - single 10| -
@ 30005 B zeets E C W ziets 1 Mop 20 o
F Wiijets 3 4000~ W-ets - Mp—iet 15 ©
25001 B Wbb,WcE,We E E = Wb WeG, Wo ] e =
F Itijet B — multije — .
2000 3 //.// LTnl::g:ainty —5 30005 w uncejrtainty 1 To—jet . 12 é
1500 E 20001 = Ap(W b-jet) 11 S
1000 b-tagged R - ] pl;p 12 o
3 1o00F 5 E b—jet 6.5 S
i oo : &, Pr : E
60 80 100 120 140 160 180 200 % 15 2 25 3 35 4 45 5 cos ¢ 5.7 14
Py [GeV] AR(b-etlep)  AR(W.b-jet) 50 -
= HL R B B B BN B 10° <
2 Ldt=2.05" I U SR R S RS RS RS A a o
5 4 > 20F B e sy s
3 \fszﬂe\, 1B g ATLAS frat=20st’ - Upper limit is set ATLAS S
.§ —5¥5’< 16F \s=7TeV ] (’b é
% Observed limit é 14; — Excluded region ; U(qg — t) < 39pb (95% CL) c,o _ox‘
o = 12¢ 1 "/ @)
39pb @95%C.L. 3 E E i
o=eep 1 % | and it corresponds to 3’ §
E: . —
EI: \ Br(t — ug) < 5.7-107° «© E
E 4F . _
E \\ | | Br(t—cg)<27-1071 i
g 10 12 14 ® ”I1‘I“2‘“‘3‘“‘4““5‘“‘9;;,“7“1_“0 S
o [pb] eV £

Previous limits = D0 (2.3fb1): BR(t>ug)<2-10* and BR(t=>¢g)<3.9-103



FCNC: “tZq” 1n top quark pair decay

ATLAS-CONF-2011-154 (0.7 fbl)
CMS-PAS-TOP-11-028 (4.6 fb'l)

Limits in the FCNC couplings tZq have been set in ttbar events both by ATLAS and CMS:

- Basic strategy: ttbar > Wb+Zq -2 lvb+llq
- 3 leptons

CMS

- M, reconstruction:

- W reconstruction: v from MET assuming
W boson mass.

5[ CMS Preliminary
- At least 1 tag b-jet b 461b'atNs =7 TeV
4» .
° | MWb'mtop | <35 Gev E | _H
- My, reconstruction: Fo >

-1 jet
- 2 same flavour and opposite charge
- [ Mg -my,, | <25 GeV

o 150 200 250

ATLAS

jafa eb

Wz

Oy
B

[l single-top |
[Jt>zq 8 1%

7 CMS Preliminary | EEZSIT 77

46b'anNs=7Tev Ml ]

6 . . .W -
Bl single-top

5 [C]t>za (Br 1%)]

300 350 foo 150 200 250 300

jblcv

350
M, [GeV/C] M,, [GeV/C]

(mreco —m,)2 (mreco _m')z

reconstruct event based on x2 minimization: x*= 5

o

o2

t

CMS: BR(t2>7Zq)<0.34% @ 95 C.L. (world record)
ATLAS: BR(t27Zq)<1.13% @ 95 C.L.

N
oo
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Searches of new quarks:

Quarks

Leptons

Signatures:
tt’> Wq (q=d,s,b)
bb’2> Wq (g=u,c,t)

t and b’

ATLAS: arXiv: 1202.3076
arXiv: 1202.3389

arXiv: 1202.5520

arXiv: 1202.6540

arXiv: 1202.2656

CMS:  arXiv:1204.2488
arXiv:1203.5410
PAS-EX0O-2011-099

cl/S/8¢
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Searches of t’ quark

tt’> WbWb

- single lepton (ATLAS ~1fb-! & CMS ~5fb'1)
- 2 OS leptons (CMS ~5fb1)

- 2 OS leptons; q=d,s,b (ATLAS ~1fb'1)

tt’> WtWt (2 OS leptons)

102:— _[Ldt 104fb 95/ CL -
ATLAS Nr\:jLO1f§m HArIHOtyR ]
===x Median Expected Limit
=== Observed Limit
[ +1c
10 [ J+2¢ =

6 x BR(QQ —» W*Wqg) [pb]

PR S RPN IRV RN AR RPN B R :
300 320 340 360 380 400 420 440 460 480 500
mq [GeV]

ATLAS t (21, g=d,s,b): 350 (335) GeV

o [pb]

Observed (expected) upper limit

tt'> WbWb (single lepton) ~ ©°¢L

CMS preliminary CLg: u+jets (4.6fb™), e+jets (4.7fb™)
[s=7TeV | ' ' ' ' '
L —e— observed 95% C.L. :‘ ezq
| --- expected

[ ] :;z expected &660\ qA\ ez“

X QkD AQA G
CN\S o X Q“'D
ATV

10°

1

400

|
450

500 550 600

M, [GeV]

tt’> WtWt (2 OS leptons)

.
.,
.,
.,
.I
.I
.,

-
‘e,
.,
.,
‘.,
.,
.

T T T T 1

CMS, 5.0 fb™' at \'s=7 TeV
IIETERN Theory (HATHOR) [25]
------- 95% CL expected limits

= 95% CL observed limits
[ Expected limits = 10
Expected limits + 20

IIlIIIII

400

450

550 600
M, (GeV/c?)

500

cl/S/8¢

(2102 d4IN1) doysyiopn JnoAe| - soisAyd Jnoaejy doj - 180e|] OUSION BB



Searches of b’ quark

bb’> WtWt

Observed (expected) upper limit

CMSL=49fb" at\s=7TeV

@95 CL.

bb’2> WtWt (2 SS leptons & 3 leptons)

' L L L
'8_ observed limit 20
— 1 - e expected limit lo
Xe! R T == Theory (HATHOR)
e} [ e
A CMS b’ (255I1+31): 611 GeV
Q| rmm——
SN
o0 E
- 1 leptontjets: expected 8 jets (ATLAS ~1fb1) [ M, <611 GeV/c* is excluded at 95% CL

- 2 SS leptons & 3 leptons (CMS ~5fb!)
- SS leptons (ATLAS ~1fb-1)

bb’->

-
(=]

G, X BR(b'=> tW)? [pb]

10"

WtWt (1

lepton & jets)

-
TTTT

CDF I

J. Ldt=1.040" ..... Expected limit

CDF l+jets

| T

ATLAS g Theory NNLO

= Observed limit

[+ 1o
Ns=7TeV [J120

ATLAS b’ (11): 480 GeV

*+
L
1]
3
=
<
11

- l 1 1 1 1 l 1 1 1 1 l L 1 1
107

450 500 550

600 650
M, [GeV/c?]

bb’2> WtWt (SS leptons)

IE ] T T T T I T T | T T T ] T T T
= _J. Ldt=104 f51 Ns=7Tev "™ Expected limit at 95% CL B
o =1. =
g ATLAS mm— Observed limit at 95% CL
- 10F Expected limit+ 16 3
T - Expected limit + 26 m
8 L Theory NNLO -
m -
m
X 1 .
7 S T T
=S e LT LT Ty s T TP T T PP P P PP TP PP P
©

ATLAS b’ (SS): 450 GeV

300 350 400 450

P R R B R R R
500 550 600
my- [GeV]

cl/s/8¢
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CONCLUSIONS

LHC is a top factory, allowing to test new flavour phenomena.
Single top is a very active and exciting topic.

Recent top flavour measurements from ATLAS and CMS have been
shown:

oLimits to Vy,, Vi, Vig

o Wtb vertex: anomalous couplings
o FCNC currents

o Searches of new quarks: t'and b’

Stay tuned: new results are coming!
Understanding flavour is the key to new physics!
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HOW TO MEASURE THE TOP POLARIZATION?

For partially polarized top quark decays, the angular distributions of any
decay product X =1", v, ¢,q', W, b (which are called “spin analysers”) in
the top quark rest frame is:

lepton (1
| I |
fd(d p )=§(1+Paxcos8x) - it )
cost, li
top quark rest frame

where 0, is the angle between X in the top rest frame and top spin direction.

The constants . are called "spin analysing power" of X and ranges from -1
to+l. Inthe SM: a . =1

N(cosfx > 0) — N(cosfx < 0)

The FB asymmetries: =
°Th Geymmere Ax N(cosfx > 0) + N(cosfx < 0)

are AX — Pax/2

cl/s/8¢

sAeoap yienb doy ul uonezuejod A\ wod) soIsAyd ma - J89e|] OUBIO|\ BLIBI



Spin correlations

Top quark has short lifetime. It decays before spin can flip.
ttbar are produced (almost) unpolarized but their spins are correlated.

spin

Spin information is contained in the decay products analysing \  charged lepton
basis
Testing 2 hypothesis: Degree of correlation \ 2
)
* Correlated spins (SM) A= Nyy#N, =Ny =Ny,

. " N +N, +N, +N - ‘
* Uncorrelated spins T b% \ .
neutrino

- Strategy followed: fit A® distribution with a

binned template for SM and uncorrelated cases =~ nopaedcesfome
:16, 900F . data ATLAS_;
Tl goof- = L (SM) Ldt=2110"
- Evidence of spin correlation in agreement with SM i ol pyrelated) '
. Relative distribution of t+ ° Z/y *+jets I
Double distribution i /o and tbar spin analizers 600 .%’2373,?:0,15 i

IIlllllllllllllllllllllllII]lII]lIII

in helicity basis | L L 5005_
% b s00- S
e,,B : 300E, [
+0.08 200
Apeticity = 0.04 £ 0.04(stat) " o7 (syst) 100
+0.12 O T e i
Amazimal = 0.57 £ 0.06(stat) 510 (syst) 0 05 1 15 2 25 3
APM . —=0.32 ASM — 0.44

helicity mazximal

cl/s/8¢
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SINGLE TOP PRODUCTION | &

electro-weak interaction
t-channel: 0™ yeon, = 64.6733 5 ¢ pb
Wt channel: 6™y.ony = (15.7 £ 1.4) pb
s-channel: 6™y, = (4.6 £ 0.3) pb

I | S

Run Number: 179739, Event Number: 10617167
Date: 2011-04-16 01:19:41 CEST

1A EXPERIMENT

O theory: NLO with NNLL corrections
for am,,,=172.5 GeV

cl/s/8¢
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