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» Physics motivation

o The ATLAS and CMS experiments

» Physics beyond the SM with top quark
s new physics in the main decay: ¢ — bV
s top quark FCNC decays: ¢t — ¢Z,t — qv,t — qg
s tt resonances

o Conclusions



Physics motivation

#® The LHC will be a top factory

s o(pp — tt) ~ 800 pb
+
» J(single top production) ~ 300 pb

® t — bW is the dominant decay mode ¢
o BR(t — SW) < 0.18% W
s BR(t — dW) < 0.02% b

o M =1.42 GeV (including ms, my, as, EW corrections)

s 7, < 107% s = top decays before hadronization

#® Top can be a window to physics beyond the SM



The ATLAS and CMS experiments

LHC: pp collisions at
Vs =14 TeV



New physics int — bW decay

L = —%b*y” (Vi Pr, + VrPgr)t WM_ @g
_—
_ 9 BZ(;-W v (9.Pr, + grPRr)t WM_ + h.c.
PRD45 (1992) 124: V2 W
|| = |VR|
|f5| = lgr]
| f3t| = |9r|

Event selection:
> 4 jets with pr > 20 GeV/c and |n| < 2.5
2 b-tagged jet

> 1 lepton with p7 > 25 GeV/c and |n| < 2.5
ppteom9 > 20 GeV/c

|IM (jj) — My | < 100 GeV/c?

|M (jjb) — M| < 200 GeV/c?

Signal efficiency: 8.7%

SM background: ~ 40k events

(~ 30k from tt — bgqbrv, and ~ 10k from single top)
L=10 fo—!
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New physics int — bW decay

® Angular asymmetries in t — bV decay T
. L
cos(fpe) IN W cms A
+ ‘ '
¢ e or A,
% 1400 'FOI" A_ F
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Hbf R“ﬂ -
t — W—> b * 600 [
/ z = cos(0p) oo [
V AFB _ N(CL’>O)—N($<O) ' o N o rocvij)ﬂ jet p;ﬂ”ﬂi’jﬁ\ﬂ cr.“S/

— N(z>0)+N(z<0)
L=10 fb~!

o Aprp =0.2234 4 0.0035(stat) £0.0130(sys)  [0/Arp = 6.0%)]

o A+ = —0.5472 = 0.0032(stat) ==0.0099(sys) (0/AL = 1.9%)]
o A_ = 0.8387 &+ 0.0018&(stat) +=0.0028&(sys) lo/A_ = 0.4%)]




New physics int — bW decay

® W polarization:

Arp = ao(FL — FR)
— 0.2226 (LO)

A_|_ — CL1FL — CLQF()
= —0.5482 (LO)

A_ = —a1Fr+ axFp
— 0.8397 (LO)

(FL, Fr, Fg defined as
in SN-ATLAS-2005-052)
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New physics int — bW decay

Anomalous Couplings

-------------- 1o bands
....... A (ATLFAST)
P —— Vi

0.23 |- L 0.23
2R m, =0GeV

ne»r-p

I 1o bands

a &
7 7 7 Coupling 7 7 7 Coupling
my = 0 GeV/c? my = 4.8 GeV/¢?
[PRD67 (2003) 014009]
» Differences up to 17% in g;, and up to 9% in Vg L=10 fb—!



New physics int — bW decay

L=10 fb~!

Pommmaaas A (ATLFAST)
0.24
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limits on the anomalous couplings:
my taken into account
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Compatible with results from W polarization A éc(RaPﬂﬁAST)

analysis (semileptonic and dileptonic channels):
SN-ATLAS-2005-052 <
(20 limits considering m;, = 0 GeV/c?)
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Top quark FCNC decays

® GIM suppressed in the SM

#® higher BR in some SM extensions
(2-Higgs doublet, SUSY, exotic fermions, ...)

BRinSM | 2HDM | MSSM | B SUSY QS
t—qZ | ~100" | ~1077 | ~107% | ~107° | ~ 1074
t—qy | ~107" | ~1076 | ~1076 | ~1076 | ~107°
t—qg | ~1072 | ~107% | ~107° | ~107%* | ~ 1077
® 3 top decay channels studied:
t —qZ t—qy t —qg
q,v
b b




Top quark FCNC decays
t — qZ4 @

Analysis strategy:

ne»r-p

@ Sequential analysis [ATL-PHYS-2001-007]

® 7 —ll, W — lv (2jets+3l+missing) q, M

® 7 — 1, W — qgq (4)ets+2l) — not described (see ATL note) b

(2) Probabilistic analysis [ATL-PHYS-PUB-2005-009]

® 7 —ll, W — lv (2jets+3l+missing)
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Top quark FCNC decays

t — qZ4 @

Sequential analysis: Z — I, W — v

ner-=>

® > 2 jets with pr > 50 GeV/cand |n| < 2.5
$» only 1 b-tagged jet

® > 3 leptons: ] e N
o pr>20GeV/cand |n| < 2.5 \ i \
® 2 leptons with same flavour and L
opposite charges ({T¢~ =ete , utu™) o | a
o |MHe™)— My| < 6GeV/c? o |
& P9 > 30 GeV/e
M(6+0—) — M,| < 24 GeV/c?: ZO |
0.6 back. events (mainly tt) L=10fo~ /ﬁj L
e X BR =0.08% ST e e
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Top quark FCNC decays

X=2,79
Probabilistic Analysis: @

® Preselection %

o General criteria:
s > 1lepton (pr > 25 GeV/c and || < 2.5) N
s > 2jets (pr > 20 GeV/cand |n| < 2.5) Vb
s only 1 b-tagged jet
s pliss > 20 GeV/c

» Events classified into different channels (¢Z, g or qg)

ner-=>

» Specific criteria for each channel A
® Probabilistic type of analysis after the preselection
LS _ Hg\ilpisignal _

_— 101N back. R (7}




Top quark FCNC decays

t — qZ4 % @

specific criteria: o/t

ner-=>

® > 3 leptons: ’

s pr >10GeV/cand |n| < 2.5)
» 2 leptons with same flavour and
opposite charges ({0~ =ete , ut ")

o 1%}:>30(36V/c

453.8 back. events (mainly tt)
e X BR =0.23%

L=10 fbo—!
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Top quark FCNC decays

# events

# 30 i I TTT I TTT I TTT I TTT I TTT I TTT I TTT I TTT I TTT I E

t ‘ q/y L . [] SM background — Signal 3
A 25 F =

S C ]

20 ;— W
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specific criteria: og E

SE =
0 E 11 111 l 111 l 111 l 111 l 111 l 111 l 111 I
80 100 120 140 160 180 200 220 240 260

o pr>T75GeV/e, |n| < 2.5

2 60:"'|"'|"'|"'|"'|"'|"'
o 20 GeV/CQ < m,y] < 270 GeV/CQ § 50;_ ] SM background ~ —— Signal :
40 3
® < 3leptons 0 =
20 =
= =
— pELi Lo vl Lem, Tyt =
290.7 back. events (mainlv tt 80 100 120 140 160 180 200 220
( y ) L=1 O fb—l p% (GGV/C) (GeV/e)

e X BR =1.88%
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t — qg § 600
i 500 -
- o 400 £
specific criteria: Y
200 E
# only one lepton -
. t 0
® no~ywithpr >5GeV/e 1\X
Vv
b ’
-. Evisz’ble > 300 Gev §§§gg
. . . 44:]400
® 3 jets (b} > 40 GeV/ec, p)* > 20 GeV/cand |n| < 2.5) 12w
800
g
® p.>75GeV/c 600
® 125 < m,, <200 GeV/c?

Top quark FCNC decays

200 E

8166.1 back. events (~ 60% tt)
e X BR =0.39%

L=10 fbo—!

:ll||||I||||||||||||||I||||I||||I||||
- [ SM background

ne»r-p
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gluon is the non-b jet
with highest pr
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Top quark FCNC decays

~.
# discriminant variable: Ly = In(Lg/Lp) @;
S

¢4 channel — d

40 |

20 |

# events
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L=10 fbo~1
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Top quark FCNC decays

® BR 50 sensitivity

® BR= 5\ B

2X LXo(ttgpr)Xer Xey

o (tfsar) = 833 pb (NLO)

» Sequential analysis [|M ({70~ j) — M;| < 24 GeV/c? cut]:

t—qZ (4 =1, W — lv)

t—qZ (Z—U W — qq)

L =100 fbo—1

1.1 x 104

5.0 x 1074

# Discriminant analysis:
cut applied to the discriminant variable (best s/v/B)

t—qZ t— qy t —qg
L=10fo! || 51 x107% | 1.2x107%* | 4.6 x 103
L=100fb~ 1 || 1.6 x107% | 3.8 x107° | 1.4 x 103

¥

gezz(lgnkpwns]
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Top quark FCNC decays

® expected 95% CL limits on BR (absence of signal)

» Sequential analysis [|M ({707 j) — M;| < 24 GeV/c? cut]:

¥

t—qZ (4 — U, W — lv)

t—qZ (Z =1, W — qq’)

L =100 fb~1 6.3 x 107°

2.8 x 104

# Discriminant analysis:

ne»r-p

s Modified frequentist likelihood method [A.L. Read, CERN report 2000-005 (2000) 81]

s No cuts on the discriminant variable used

t—qZ t— qy t—qg

L=10fb~1 || 34x107* | 6.6 x107° | 1.4 x 1073

L=100fb! | 6.5 x107° | 1.8 x 107° | 4.3 x 104

s Dominant systematics: M; and ey < 20%
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Top quark FCNC decays

® Preliminary study at generator level

M- (bW) (GeV/c?) Eriries 1054 M (qZ) (GeV/c?) Eviies 723
L3 Mean  191.8 2 Mean  178.3
oE RMS 5961 220 ~ RMS 1853
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® Estimated BR(t — qZ) sensitivity for a 30 discovery: S/v/S+ B =3

L =100 fbo~1!
expected ¢t SM events [130,250]
expected signal efficiency [5%,6% ]
BR(t — qZ) sensitivity [14 X 10—4,22 x 10—4]

® CMS Physics TDR in April
» results on the CMS sensitivity to ¢ — ¢Z and t — g FCNC decays
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Top quark FCNC decays

N
S
7 S
~~— [~ Y
~ -1 959% C.1
=10 O///VV
- LEP LRSS LHC combination
- _>CDF(2fb") [P | REGIONS .
D . \ (ATLAS/CMS) will
10 E !
- : improve the limits
E I
3 :
]0 = 1 I 1
= ATLAS (10fb7) 1 ST
[ 1 Jora wh S0
- === Lo ——ZEUS
4 T, (auonly)
10 : o -LO2UPO-)
g' L ATLAS1 o BR(t — qg) (95% CL):
sk 4 (100fb ) < TEVATRON (L = 2 fb—1): level of few %
10 -; ] III||II| -4I | IIIIII| -3I 1 IIIW‘FI;F‘[[N)&INIK-IP&%NNI ATLAS (L:10 fb_l): <014°/°
10 10 10 10 10

BR(t—qY)

(thanks to Lorenzo Bellagamba) D1



tt resonances

® 7, < 10723 s = no tt bound states within the SM

® X — ttin several SM extensions (SUSY, Technicolor, .. .)
® MSSM predicts BR(HY, A — tt) ~ 1for myo 4 > 2m¢ and tan 3 ~ 1

® X —tt — WbWb — fvbjjbtopology was studied
(X Is a ‘generic’, narrow resonance)

nre»r-p»

(I'x = 2x ATLAS resolution)

> = B
= - ; []All event Zf L. o(pp — X) x BR(X — tt) [fb]
g % - : -
g i ackground ° . 50 discovery potencial
. L. 10° =
200 mx = 800 GeV i
— 102 é_ ..........
100 |— E
- B B e
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Conclusions

® ATLAS sensitivity to new physics in the t — bV decay:
# my should be taken into account
® gr € [—0.02,0.02] = factor 2-3 better than the present limits
» further improvements expected from the combination of the semileptonic and
the fully leptonic channels
® | HC sensitivity to top quark FCNC decays (L = 100 fb—1, 50 significance):
BR(t — qZ) ~ 1074
BR(t — qy) ~ 107°
BR(t — qg) ~ 107?
o improvement combining ATLAS and CMS results
» sensitivities at the level of SUSY and Quark Singlets models predictions

® ATLAS sensitivity to ¢t resonances:
# 5o discovery (mx =1TeV/c2, L =30fb~1): 0 x BR ~ 10° fb
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