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IREERERS IS the ONLY guark

[ iEata matural mass

Miop = Y1 V/vV2 =174 GeV= vy = |
't “strongly” interacts with the Higgs sector.

2. that decays semi-weakly, and before hadronizing
= i/ Aocp = 2+ 102 s
Tiop = h/ Tiop = 1/(GF me [Vip|/8TT/2) = 50105

(with h=6.6 1075 GeV s)
Compare with Tp = (GF2 mp> [V k) = 10-125)

[t i1s a “naked” quark : flavor and EWV physics at their best!
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Weak

N
Largest cross section (LO at &s?):
~ / pb at Tevatron
=50 1e e LG
Precision physics studies

J

)

Weak process : same diagrams as the top decay!

Cross sections smaller than QCD but enhanced by a
lower energy cost:

~ 3 pb at Tevatron
e oUporais @V

Three independent channels.

APPS 201 | - Meeting -

Amsterdam Nov 30 - Dec 2




> UCL
o Univefsim
i R

WE KNOW A LOT ALREADY FROM THE TEVATRON...

APPS 2011 - Meeting - Amsterdam Nov 30 - Dec 2




NI

885

WE KNOW A LOT ALREADY FROM THE TEVATRON...

e aiamiass: | /3.5 £ |.| GeV

SR IB @ Eross section

« W-boson helicity fractions

 Spin correlations between the top quarks are measured by fitting a double distribution
» Forward-backward asymmetry: A = 0.15 £ 0.0/ £ 0.02

* M, pt, Hrdistributions

* Decay width: [ < 7.4 GeV at 95% C.L.

* Branching fraction:
ety g = 0,610 at 957 CIL

B Ceifeteharee 0 = 4/5 excluded at 6/7%6 C.L
* Single top production cross section
» Measurement of |Vip| = 0.88 £ 0.0/

» Discrimination between t- and s-channel production
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= 600 t-channel single top quark production
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PROGRESS IN SM TOP PREDICTIONS

Top pair cross section and distributions:
e Updates of total top pair cross section (NLO QCD + threshold res. (NLL)) Moch, Uwer; Cacciari et al; Kidonakis, Vogt
e NNLL extensions Czakon et al,; Beneke et al;Ahrens et al., Cacciari et al.
* Forward-Backward asymmetry from threshold resummation Almeida et al; Ahrens et al.,;Antunano et al.; Kidonakis;
e Top pair invariant mass very close to production threshold (resonance peak) Hagiwara et al; Kiyo et al.
» Partial results towards top pair total rate at NNLO QCD Czakon; Bonciani et dl. ...

Top pair + jets: top as a background to Higgs searches: H— W*W- and ttH
* pp — tttjet Dittmaier et al; Melikov, Schulze
e pp — tt bb Bredenstein et al; Bevilacqua et al.
* pp—* tt ) Bevilacqua et al.

e tt(+jet) production including decay at NLO QCD Melnikov, Schulze, Melnikov et al.; including weak interference
corrections Bernreuther, Si

* tt spin correlations revisited Mahlon, Parke; Bernreuther, Si

Single-top:
* Single top t-channel production at NLO QCD in 5 and 4 flavor schemes Campbell, Frederix, FM, Tramontano
* Single top including decay at NLO QCD Falgari et al.

Monte Carlo at NLO:
e Wit production at NLO QCD in MC@NLO Frixione et al; White et al.
SRRl S attihe POVVIHEG-Box Cardos et al.
SRR M C@NIO Frederixet al. , Re..
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PROGRESS IN SM TOP PREDICTIONS:
EXAMPLE 1: SIGMA(T TBAR)

i 2 2
OFnc: =— Z/ dazld@? fa(wlau%)fb(x%:u%’) X &ab—>X($175€27aS(U%€)v QQ ’ Q2 )
o Hr MR
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i 2 2
OFnc: =— Z/ dazld@? fa(wlau%)fb(x%:u%’) X &ab—>X($175€27aS(U%€)v QQ ’ Q2 )
o Hr MR

- 2
Gl @ Ol iy (VST o (Va0
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PROGRESS IN SM TOP PREDICTIONS:
EXAMPLE 1: SIGMA(T TBAR)

Q* Q7

e

1
055 :Z/ dazldl? fa(xlau%)fb(x%:u%’) X &ab—>X($175€27aS(U%€)v )
a,b 0

- 2
Gl @ Ol iy (VST o (Va0

[Dawson et al, Beenakker et al., Bonciani et al. Kao,

Total cross section at NLO: Wackeroth, Bernreuther et al, Kuhn, Scharf, Uwer]
2
0’1:%+#10g26—|—#10g6—|—C1 ﬁ:\/1—4mt
S
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PROGRESS IN SM TOP PREDICTIONS:
EXAMPLE 1: SIGMA(T TBAR)

Q* Q7

e

1
055 :Z/ dazldl@ fa(xlmu%)fb(x%:u%’) X &ab—>X($175€27aS(U%€)v )
a,b 0

- 2
Gl @ Ol iy (VST o (Va0

[Dawson et al, Beenakker et al., Bonciani et al. Kao,

Total cross section at NLO: Wackeroth, Bernreuther et al, Kuhn, Scharf, Uwer]
2
ol = T4 ot 5+ #log B + g1
S

Total cross section at NNLO: [Czakon et al., Moch et al,, Beneke et al. Ahrens et al., Kornert et al.

o # | #log? B+ #log B+ #

0" = g5 5 + #log* B+ #log® B+ ...+ ¢
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PROGRESS IN SM TOP PREDICTIONS:
EXAMPLE 1: SIGMA(T TBAR)

Q* Q7

e

1
055 :Z/ dazldl@ fa(xlmu%)fb(x%:u%’) X &ab—>X($175€27aS(U%€)v )
a,b 0

- 2
Gl @ Ol iy (VST o (Va0

[Dawson et al, Beenakker et al., Bonciani et al. Kao,

Total cross section at NLO: Wackeroth, Bernreuther et al, Kuhn, Scharf, Uwer]
2
ol = T4 ot 5+ #log B + g1
S

Total cross section at NNLO: [Czakon et al., Moch et al,, Beneke et al. Ahrens et al., Kornert et al.

P 7 #log” B+ # log B + #
g2 6.

Beware: NNLO corrections not known exactly yet!!

+ #log* B+ #log® B+ ...+ ¢
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PROGRESS IN SM TOP PREDICTIONS:
EXAMPLE 1: SIGMA(T TBAR)

pole mass —
Langfeld, Moch, Uwer 2009 3

o [pb]
o
=3} LN
|
I
i
¥
1l | 11l

5 F Tevatron h ~. _E
5 b MSTW 2008 NNLO :

s E m =173 GeV :
3.5

Approximated NNLO results:
very good scale dependence improvement:
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PROGRESS IN SM TOP PREDICTIONS:
EXAMPLE 1: SIGMA(T TBAR)

pole mass —
Langfeld, Moch, Uwer 2009 3

o [pb]
o
=3} LN
|
I
i
¥
1l | 11l

Tevatron T~ 3

5 F .
5 b MSTW 2008 NNLO :

s E m =173 GeV :
3.5

Approximated NNLO results:
very good scale dependence improvement:

Tevatron

¥
MSTW 2008 NNLO ]
m(m) = 163 GeV -

MSbar mass .
Langfeld, Moch, Uwer 2009 s

1

Even better if the MSbar mass is used as a
parameter in the calculation : possibility of
extracting the mass from the cross section.
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PROGRESS IN SM TOP PREDICTIONS:
EXAMPLE 1: SIGMA(T TBAR)

[Cacciari, Czakon, Mangano, Mitov, Nason, 201 | ]

| ast results at NLO+NNLL:

Tevatron i@
Approximation Tot |Pb PDF | A | 2-loop Coulomb Approximation Tiot |PD] PDF | A | 2-loop Coulomb
T0.363(5.490) +19.5(12.3%)
1 | NLO 6.6817 o 1ram | NLO [ - - 1| NLO 15817, 5 e ge) | NLO | - -
FO.212(3.0%) TIT.6(10.1%)
2 | NLO4+NLL 7070 ) i gasg) | NLO | 0 - 2 | NLO+NLL 17487 lassy. | NLO [0 -
3 | NLO+NLL 6.930"loairos) | NLO | 2 - 3 | NLO+NLL 167.17 1 % (o) | NLO | 2 -
4| NNLOg, ;" =0 70627 S0 1a 7oy | NNLO | - - 4 | NNLOg, C;;" =0 161.2% )5 (67w | NNLO | - -
- 2,0) _ —=12.0) 0.268 (3.9% 2,0) _ —I(2.0) 12.0 (7.8%
5 | NNLOg, 7% =T 6.853;_33255_5%1 NNLO | - - 5 | NNLOg, 57 =T | 15407558 | NNLO | - -
6 | NLO+NNLL 6.8447 1=, | NNLO | 0 NO 6 | NLO+NNLL 1615 )5 (7e%) | NNLO | 0 NO
7 | NLO+NNLL 6.722" 01 (5 a0) | NNLO | 2 NO 7 | NLO+NNLL 155.9" 30 (s, | NNLO | 2 NO
8 | NLO+NNLL 6.8447 1= ) | NNLO | 0 YES 8 | NLO+NNLL 164.7" ) (78%) | NNLO | 0 YES
9 | NLO+NNLL 6.7227 20 | NNLO | 2 YES 9 | NLO+NNLL 158.77 13 (s 57y | NNLO | 2 YES

—0.410(6.1%)

APPS 2011 - Meeting - Amsterdam Nov 30 - Dec 2

* Best improved results basically the same as those from standard NLO both Tevatron and LHC

* Nothing more to squeeze out from improved, partial, resummed results. The only improvement now
can come from the true NNLO corrections which should be expected soon.
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PROGRESS IN SM TOP PREDICTIONS:
EXAMPLE 2: WWBB

» Calculations beyond LO so far used the narrow width approximation for the top quark pair
production: tops are assumed to be stable
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PROGRESS IN SM TOP PREDICTIONS:
EXAMPLE 2: WWBB

» Calculations beyond LO so far used the narrow width approximation for the top quark pair
production: tops are assumed to be stable

g _ b
\QQQQ t‘ / s
* However, top quarks . W~ Yy
decay, so the true LO f et

. : : W
diagram Is this one . ) Ve
t
p y}y \ )
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» Calculations beyond LO so far used the narrow width approximation for the top quark pair
production: tops are assumed to be stable

e

- However, top quarks
decay, so the true LO
diagram Is this one

g
9
9

g

R Cihinctierale quite a
few more diagrams of

Y
>
b b
the same order... q ‘999)) g }9})/
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PROGRESS IN SM TOP PREDICTIONS:
EXAMPLE 2: WWBB

» Calculations beyond LO so far used the narrow width approximation for the top quark pair
production: tops are assumed to be stable

g _ b
t
\QQQQ _ / e
- However, top quarks WMV/V_"‘< U,
decay, so the true LO ty .
diagram is this one W ‘
) t‘ A/\N\N\< Ve
g N
g

\QQQQ- ti //W— o
g ERictitinere are guite a WWW< Ve

few more diagrams of

Y
>
b
the same order... q y}y

 Gauge Iinvariance guides us to include also single-resonant and non-resonant
production. Note that there Is interference between the diagrams above
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PROGRESS IN SM TOP PREDICTIONS:
EXAMPLE 2: WWBB

» Recently, the full NLO computations to the WWbb process (with mb=0) were calculated
by two independent groups. [Denner et al,; Bevilacqua et al. ]

« Compared to the LO WWhbb production, the NLO corrections do not lead to an overall
change in normalization:

_ L HC (7TéV) NLO . = Tevatron | NLO .
s | | T
IS f
=, _
g 14
£
S
< 0.1
2.5 i i |
2. i
2+ NLOLO —— g NLO/LO ——
1.5 15|
1+ Tl ——
0.5 ' ' ' ' 0; . ! .
0 50 100 150 200 250 7, 50 100 150 200
V
PT es [GEVI pr,[GeV]  Denner et al.
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PROGRESS IN SM TOP PREDICTIONS:
EXAMPLE 2: WWBB

| CMS,s=7TeV,L =36pb'

* data

~J)
o

A full calculation with mp#0 would have a much
larger phenomenological impact

60 - ww
2P
 Consistent description of top palr, single top and 50 hQsOs
40
30

Events / 1

non-resonant contributions at NLO

» Particularly important when cuts require tops to be
off-shell

20
- No need to disentangle top pair and Wt and apply 10
separate K-factors when studying the “top”
background to e.g. H = WWV. 0 1 2 3 4 5
Njﬂs

Add It to the desiderata...

APPS 2011 - Meeting - Amsterdam Nov 30 - Dec 2



PROGRESS IN SM TOP PREDICTIONS:
EXAMPLE 3: COLOR CHARGE ASYMM.

top LHC
anti-top

Tevatron top

anti-top

|
n n

A?JTEV — (e (V1 AyLHC = |yt‘ —‘ yf‘

Other definitions are used: lab frame at Tevatron, central charge [Antunano, et al] and one-side
asymmetries [Wang et al. 2010] at the LHC which depend on a cut. Acc at the LHC has been introduced
by CMS (in terms of pseudo-rapidity). LHCB does not need any special definition [Kagan et al.]
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PROGRESS IN SM TOP PREDICTIONS:
EXAMPLE 3: COLOR CHARGE ASYMM.

A, of the Top Quark
v al, .
oSS corn July 201 Most popular models [Aguilar-Saavedra, top201 1]
] w. Hollik and D. Pagani, * liminary)
arXiv:1107.2606 (2011) (" pre ry
q t s channel:
0809.3354 , 0006.0604 , 0911.2955 . 1007.0243 , 1011.6380 , 1011.6557 ,
G ~ (8 1) 1101.2802 , 1101.5203 , 1103.0956 1104.1917 , 1105.3158 , 1105.3333 ,
CDF LJ —— 0.5128’;10.074 (0,072 0017) z » 1J0 4106.0529, 1106.4054 , 1107.0078 , 1107.1473 , 1107.2120 , 1107.5769
(o3 q ¢ 1109.0648
t channel;
CDF DIL* ° u t

CDF combined* —@—  (0.201+ 0.067 (+0.065+0.018)
(+ stat + syst)

&~ (1,2) { 1104.4782,1107.0841 , 1107.4350,, 1108.4005

t  uchannel:
wt ~ (8,1)

04 02 -0 02 04 06 08
Afb

0911.3237 , 0911.4875 , 0912.0972 , 1007.2604 , 1102.3374 ,
1102.4736 , 1103.2757 , 1108.4027

7!~ (1 1) 0907.4112, 1101.4456 , 1101.5625 , 1102.0545 , 1103.1266 1103.4835 ,
?:30’;1?-158 s 0 1104.1385, 1104.3139, 1106.5982 , 1108.0350 , 1108.1802
W' ~ (1 1} 0908.2589 , 1002.1048 , 1003.3461 , 1101.1445 , 1101.5392, 1102.0279
v ' 4104.0083 . 1105.4608

Q4 ~ (8,1)

Lol da CO|Es

M,; < 450 GeV M,z > 450 GeV
CDF | —0.116+0.154  0.475+0.114
MCFM | 0.040 & 0.006 0.088 + 0.013
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PROGRESS IN SM TOP PREDICTIONS:
EXAMPLE 3: COLOR CHARGE ASYMM.

3 4
Att N A&S BaS i Observable only
OGC 2 3 known only at the leading order!
CaS DQ{S [ ] [ ] [ )
Abg pp — tt+jet+X
0.02 r V5= 1.96TeV
0 ar > 0GeV -
— PT jat
~0.02} T T
—0.04
—0.06
—0.08L
a1l NLO (CTEQ6M)
- LO (CTEQGL1)
—0.12 N
0.1 1 10
p g
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PROGRESS IN SM TOP PREDICTIONS:
EXAMPLE 3: COLOR CHARGE ASYMM.

A

3
tf Aayg -

—Bozfngr...

o Ca% -

—Da%—l—...

Observable only

known only at the leading order!

os* (NNLO) calculation for the sigma(ttbar) not available yet.

However,
| Improved approx NNLO results indicate no major changes

[Almeida et al; 2010 Ahrens et al. 2010; Antunano et al 2010.; Kidonakis 201 ]

2. Studies on ttj indicate that the nature of the asymmetry s
twofold and no genuinely new contributions should arise at higher
order. (?) [Melnikov & Schulze, 2010]

3. EW corrections are small [Kuhn & Pagani 201 1]

APPS 2011 - Meeting - Amsterdam Nov 30 - Dec 2

0.04

.-"-lt
FE'I]_DE i

—0.02F
—0.04F
—0.06 F
—0.08L

—0.12

0.1

LO (CTEQ6L1)

o pf:l—} tf+JEt—K
/5= 1.96TeV
FTJE':- > E‘:IGE‘"F_

——— —'\_‘—\—\_\_\_\_\_\_
|

NLO (CTEQGM)

1 10
pfmmy
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PROGRESS IN SM TOP PREDICTIONS:
EXAMPLE 3: COLOR CHARGE ASYMM.

4 S 4
Att N A&S BOéS e Observable only
@@ COé2 s DCVS o known only at the leading order!
S S e o o
os* (NNLO) calculation for the sigma(ttbar) not available yet.
However,
| Improved approx NNLO results indicate no major changes
[Almeida et al; 2010 Ahrens et al. 2010: Antunano et al 2010, Kidonakis 201 ] T T S EhaaX
FB PP ]
0.02 V5= 1.96TeV
2. Studies on tt] indicate that the nature of the asymmetry is O P P> 206V
- - - . : —0.02F e -
twofold and no genuinely new contributions should arise at higher ool E‘““‘“ﬁ_
order. (?) [Melnikov & Schulze, 2010] el
008} B
3. EW corrections are small [Kuhn & Pagani 201 1] ol NLO (CTEQN)
Note, on the other hand, the interesting pattern: ML T T T
ttbar : LO=0 + Virtual>0 (large) + Real<O (small) = 0.05 s

t tbar | : LO<O0 (-0.08) + Virtual>0 (large) + Real<0 (small) = -0.02
il O <0
Irtuals alwavs dominate : what about the two-loop contributions! to be seen
APPS 2011 - Meeting - Amsterdam Nov 30 - Dec 2 19
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PROGRESS IN SM TOP PREDICTIONS:
EXAMPLE 3: COLOR CHARGE ASYMM.

@ )—qn'g"|""|""|""|""|""-I
g 25:_ ATLASPI'&"[T"&W ¢+24ets (b1ag) _: q {}-1{} | | | T 11 1T 1T 1 T 1T 1 T T 1
L | L=0.701fb i B .
20~ W . [ 11054606 )
: + E 008} disfavoured —
15 . - Ey i
o+ ; 0.06F & \ -
. - - o ]
ol

S5, - i ey i
f —+ f 004 - o ~
N T I R i = - L | -
3 2 1 0 1 2 3 E u = ¥ J -
el o 7|
Ac = —0.024 £ 0.016 (stat) = 0.023 (syst), B e Wl 1
0 4|
%—? 1400 :_CMS'P_rIelin{inary' AR i * 0 i
5 F1.09 16 at\s =7 TeV B ] : B 4 ]
® 1200 :—;Ag"*“": -0.004 + 0.009 Bisingle-top 002 r m A
1000 @W+ets ~=1 ATLAS.CONF-2011-106 .
Wz+ets - 5 gu 5
800 [Joco B i
600 — 004 — ]
400 — — 1 1 1 | | | L1 1 | L1 1 1 I 1 L1 1 I L1 1 | | | | L1

”00 E 0 01 02 03 04 05 06

ol A (m_> 450 GeV)

AL = —0.016 £ 0.030 (stat.) 591 (syst.)
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PROGRESS IN SM TOP PREDICTIONS:
EXAMPLE 3: COLOR CHARGE ASYMM.

@ )—qu'z"|""|""|""|""|""-I
E 25 ATLAS Preliminary es>4jets(btag) |
w [ |L=070" 1 ¢
20f- 4 - Most popular models ... after 2011 LHC data
A —4+ ]
15| . ? * s channel: ; tall %
[ - Iar aavedra, top _ j
i —— ] 0809.3354 , Iln Cld 00112955 , 1007.0249 , 7011768380, 101H8557 ,
10_— —+ 7] g (8 1 ) 1101.2902 , 1101.5203 , 1103.0956 1104.1917 , 11053158 , 1105.3333 ,
i ] ~ 11060529 11064054 , 1107.0978 , 1107 1473 , 1107.2120 . 1107.5769 ,
sk e Y - q q 1109.0648
| ST t channel: Ac = —0.016 (CMS), —0.024 (ATLAS)

Avearnts

F'CMS Preliminary | N ] 2 single top?
1400 Dala ¢~ (1,2) 1 11044782, 1107.084 | 4350 , 1108.4005 9 P

C1.09 fblat\Vs =7 TeV 0
1200 FARAW= 0 004 + 0.009 .gmgle_mp - —32 tDp FCNC?

EW+ets
Bz+ets E W
[]acD

events

C l+jets
1000 —

¢y channel: tt tail ~ SM
wh ~ (3,1 )

3 2 1 0 1 2 3
| Yl-[ Ys| * ‘ Z' ~(1,1) 001 Lam 1 .,*”';Inzn b ST 9H|-' 03.1266 1103.4835 ,
e T & 1108 .'r (_@alr,m 2
Ag = —0.024 £ 0.016 (stat) £ 0.023 (syst), “, iy L
W~ (1,1), o082 [“*F 1048 .10 e RICH ',,.h, . 1102.0279
" y1040088 aso T J‘* - -
T T trirjrrrrrrrrrrrrrrrrrrr T T T ., :
I
/ﬁ‘.\‘\ Q4 ~ (6:1)_

G| GO

o

AL = —0.016 % 0.030 (stat.) 7999 (syst.)
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OUTLINE

® [he mportance of being Top

® Precision SM lTop Physics

® TJop as tool for BSM: strategies with examples

® (Outlook

APPS 2011 - Meeting - Amsterdam Nov 30 - Dec 2




EC
§§5‘

e
&>

Ok, top Is special and a lot of data coming,
but why are we getting so excited about It/
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Ok, top Is special and a lot of data coming,
but why are we getting so excited about It/
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BSM : TOP-DOWN APPROACH

New Physics

Signatures/Observables
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New Physics
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BSM : TOP-DOWN APPROACH

BNER R sics miodel with top partners (SUST, CEDHE
* Consider viable benchmark points.

* |dentify the signatures with top.

* Set exclusion limits on the model parameters

* Optional : learn “model independent’ lessons...

APPS 2011 - Meeting - Amsterdam Nov 30 - Dec 2
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BSM : TOP-DOWN APPROACH
Examples: signatures with top:
B+ X g — i (tE) + X
> |915) At EAYARVAA :

- 't = b b W+ W-

—Hi

“000000C00

B 77t

‘_|..

“000000000

IO PS

In general, very rich and energetic final states, large Hr , very spectacular and “easy” to detect in principle.
Looks great, if one model at the time Is studied.
In fact, very difficult to discriminate which NP leads to it.

APPS 2011 - Meeting - Amsterdam Nov 30 - Dec 2



BOTTOM-UP APPROACH

New Physics

Signatures/Observables
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BOTTOM-UP APPROACH

New Physics

Signatures/Observables
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BOTTOM-UP APPROACH

Model independent (bottom-up) strategy for New Physics
|. Focus on a specific SM observable that is

a. naturally sensitive to BSM
b. I1s well-predicted & possibly “background free”

and look for deviations

2. Look for“exotic top signatures” (no-SM equivalent),

APPS 2011 - Meeting - Amsterdam Nov 30 - Dec 2

UCL




BOTTOM-UP APPROACH

New Physics

Signatures/Observables
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BOTTOM-UP APPROACH

New Physics

Signatures/Observables
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BOTTOM-UP APPROACH

New Physics

Signatures/Observables
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BOTTOM-UP APPROACH

New Physics

[
S G

Signatures/Observables
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NEW PHYSICS : TWO POSSIBILITIES

q
Z!
q
New Physics
> ERefe
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NEW PHYSICS : TWO POSSIBILITIES

= Gi—c
g A6 = 1
dimgo =1
dim ¢ = 3/2

L:eff_[:SM_l_Z Odlm .

Bad News: > 60 operators [Buchmuller, Wyler, | 986]
Good News : an handful are unconstrained and can signifcantly contribute to top physics!

[Aguilar-Saavedra 2010,

Willenbrock et al. 2010, Degrande et al 2010]

APPS 2011 - Meeting - Amsterdam Nov 30 - Dec 2
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BOTTOM-UP APPROACH

New Physics

signatures/observables
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BOTTOM-UP APPROACH

New Physics

signatures/observables
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BOTTOM-UP APPROACH

New Physics

signatures/observables
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MODEL INDEPENDENT BSM SEARCHES:
EXAMPLES

. EFT approach to ttbar
. [Beie
A.Same sign tops

B. Monotops

o BINRY
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MODEL INDEPENDENT BSM SEARCHES:
EXAMPLES

. EFT approach to ttbar =2Re(Asm - Afgsm)
il [Eelile
A.Same sign tops

=|Agsm|?
B. Monotops Aesi|

o BINRY
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MODEL INDEPENDENT BSM SEARCHES:
EXAMPLES

. EFT approach to ttbar
. [Beie
A.Same sign tops

B. Monotops

o BINRY
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MODEL INDEPENDENT BSM SEARCHES:
EXAMPLES

T Exatic

A.Same sign tops

B. Monotops

C. BNV

APPS 2011 - Meeting - Amsterdam Nov 30 - Dec 2




EFFECTIVE FIELD THEORY APPROACH

TO T TBAR PRODUCTION
[Aguilar-Saavedra 2010, Willenbrock et al. 2010, Degrande et al 2010]

Very few operators of dim-6:

Dim-6 operators that affect top pair
production at tree level by
interference with the SM
(QCD) amplitudes (we neglect weak
corrections)

Top-philic operators
(modifying top couplings
and not only gluons couplings)

CP-even

operator

process

O%q = i(&* 7' D,u9)(@r"7"q)

top decay, single top

@i —aastn t)qBW/fV (with real coefficient)

top decay, single top

Oy” = (@y.7'a)) (@ ')

Oc = fapcGA GBPGCH

single top

gg — tt

GAI/ GA,uV

Opc = 5(¢7¢) "

gg — it

CP-odd

operator

process

Ow = (go**7! t)éWJV (with imaginary coefficient)

top decay, single top

Oic = (QU“V)\At)éGf}V (with imaginary coefficient)

single top, qq, gg — tt

Og = fapcGAYGBPGSH

gg — tt

045 = 5(¢7 )G, G4

gg — it

APPS 2011 - Meeting - Amsterdam Nov 30 - Dec 2



TTBAR PRODUCTION

One can show that you end up with five main operators,

1
i — ‘C%M | A2 [ghOhg S CRORQ R CLRO%GJ I (R > L)}

and In case one Is Interested only In total rates (and spin independent / FB symmetries)
only three parameters are left : g, cv=cr+CcL and aa = ar- ar

> S

Chromomagnetic operator Op, = (HQ) e el GA Four-fermion operators

Egg.mm< T LT qq annihilation:
o both chg and 4-fermion operators

SM SM

gluon fusion oy )

+ + q t
corrections from chg only S R S
N + +
Y SM 1

APPS 2011 - Meeting - Amsterdam Nov 30 - Dec 2
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EFFECTIVE FIELD THEORY APPROACH
TO T TBAR PRODUCTION

do do gy VM Chg 1 3
— ol — 20057 — —
e e ( 8>

do do e Do . < L@, c
i (qq g tl?) = dStM <1 e £ - ) S ((CAa 5E ;la) 8(7-2 = 7-1) 38 4gschg\/§vmt>

APPS 2011 - Meeting - Amsterdam Nov 30 - Dec 2



EFFECTIVE FIELD THEORY APPROACH
TO T TBAR PRODUCTION

do do gy VM Chg 1 3
. T 20040, it
(99 = 1) = —= + V20u9.— AQ( 8>

| Extremely simple formulas!!

APPS 2011 - Meeting - Amsterdam Nov 30 - Dec 2



EFFECTIVE FIELD THEORY APPROACH
TO T TBAR PRODUCTION

do do gy VM Chg 1 3
(g9 — tt) = + V20,9 = e ( 8>

| Extremely simple formulas!!

2. The operator Ong can hardly be distinguished from the SM in gluon fusion

APPS 2011 - Meeting - Amsterdam Nov 30 - Dec 2
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EFFECTIVE FIELD THEORY APPROACH
TO T TBAR PRODUCTION

do do gy VM Chg 1 3
. T 20040, it
(99 = 1) = —= + V20u9.— AQ( 8>

do do Gy i L@, c
i (qq g tl?) = dStM <1 e £ - ) S ((CAa 5E Aa) 8(7-2 = 7-1) 38 4gschg\/§vmt>

| Extremely simple formulas!!

2. The operator Ong can hardly be distinguished from the SM in gluon fusion

3. Distortions in the shape of the distributions can only come from gg annihilation
= small effects at LHC

4. Even and odd contributions for gqq — ttbar; the latter give rise to Ars

APPS 2011 - Meeting - Amsterdam Nov 30 - Dec 2



EFFECTIVE FIELD THEORY APPROACH
TO T TBAR PRODUCTION

ERlicE = thar total cross section at levatron depends on [DOthHT Eho elRERE T

and
constrains thus a combination of these parameters.

4

total cross section

APPS 2011 - Meeting - Amsterdam Nov 30 - Dec 2




EFFECTIVE FIELD THEORY APPROACH
TO T TBAR PRODUCTION

* The pp => ttbar total cross section at Tevatron depends on both chg and cw
constrains thus a combination of these parameters.

and

4
total cross section

tt invariant
mass shape

APPS 2011 - Meeting - Amsterdam Nov 30 - Dec 2
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EFFECTIVE FIELD THEORY APPROACH
TO T TBAR PRODUCTION

* The pp => ttbar total cross section at LHC strongly depends mostly on cng and can be
directly used to constrain the allowed range for cng

. J
A Y .
LN %
N A
. A
. ‘9
.

!
total cross section

tt invariant
mass shape

4

LHC total crosy
section limits

APPS 2011 - Meeting - Amsterdam Nov 30 - Dec 2
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EFFECTIVE FIELD THEORY APPROACH
TO T TBAR PRODUCTION : SUMMARY

Non-resonant top philic new physics can be probed using measurements In top palr
production at hadron colliders

This model-independent analysis can be performed in terms of 8 operators.

Observables depend on different combinations of only 4 parameters:

o(gg — tt),do(gg — tt)/dt < cp,

o(qq — tt) < Chg Cyy
do(qq — tt)/dmy S G Gy
Arp 2 Gl

spin correlations = Gt s C Al

APPS 2011 - Meeting - Amsterdam Nov 30 - Dec 2
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MODEL INDEPENDENT BSM SEARCHES:
EXAMPLES

. EFT approach to ttbar (including Are)
Il. Exeiile
A.Same sign tops

B. Monotops

2, BN
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MODEL INDEPENDENT BSM SEARCHES:
EXAMPLES

. EFT approach to ttbar (including Are)

. Exotic

A.Same sign tops

- - D A LR
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SAME SIGN TOPS

'Rajamaran et al,, 201 [][C. Degrande et al., 201 | ], [Aguilar-Saavedra et al. 201 1], [E. Berger et
v IRREE Cao et al,, 201 ] [Hao Zhang et al., 2010],[C. Bauer et al. 2010}, {55 |unetCEaisisisey
. Gao et al. 2009],[S. Bar-Shalom et al ,2008]....

Exotic signature :“easy’ to identify in the same sign channel (double lepton decay)
or In the charge asymmetry. (single lepton decay). At the LHC enhanced by PDF.

q\\<t
ot t
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SAME SIGN TOPS

'Rajamaran et al,, 201 [][C. Degrande et al., 201 | ], [Aguilar-Saavedra et al. 201 1], [E. Berger et
v IRREE Cao et al,, 201 ] [Hao Zhang et al., 2010],[C. Bauer et al. 2010}, {55 |unetCEaisisisey
. Gao et al. 2009],[S. Bar-Shalom et al ,2008]....

Exotic signature :“easy’ to identify in the same sign channel (double lepton decay)
or In the charge asymmetry. (single lepton decay). At the LHC enhanced by PDF.

it

q -t s-channel
\( 3bar or 6 color
q el i
t-channel
| or 8'coleR
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SAME SIGN TOPS

'Rajamaran et al,, 201 [][C. Degrande et al., 201 | ], [Aguilar-Saavedra et al. 201 1], [E. Berger et
v IRREE Cao et al,, 201 ] [Hao Zhang et al., 2010],[C. Bauer et al. 2010}, {55 |unetCEaisisisey
. Gao et al. 2009],[S. Bar-Shalom et al ,2008]....

Exotic signature :“easy’ to identify in the same sign channel (double lepton decay)
or In the charge asymmetry. (single lepton decay). At the LHC enhanced by PDF.

q t
q -t s-channel
\( 3bar or 6 color
» q
g
q el i
t-channel
| or 8'coleR

()
q

The t-channel can be linked to the
Arg for neutral particle exchanges!
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[Degrande, Gerard, Grojean, FM, Servant, 201 | ]

SAME SIGN TOPS

Effective approach:

= 1
L?ﬁ]m:t% = (CRRORR i c(l)(’)(l) (3)0(3) (1) 0(1) (8) 0(8)) iy
with:
W=l ur| [(ry.uR] o) = Qry*ar] |Qryuar] 7)) = @t il |G o
O — Qry*ar] trYu ur] @ = Glsat s [Faam & v

All the effects given by the (heavy) resonances written before can be written in terms of the operators.

% . .
dog 1 (|C 24 ‘2) (s — 2m?) T — O 0l o8
ALV — —_— - Ogy,
dt A4 RR LL 377 0.050 | g
X 5 9 : 9 3 g 0.010 f 0?1_440{% ]
— 0.005 | tt:int.4 — ]
8 C(l) : 2 6(8) : (mt iF t) g5 (mt i u) - S 17:SM
e i 167‘(‘32 0.001 | =
5%107% | : 1
2 2 | R, P M L W
) ‘ ( (1) (8) ) 2 (8) my 1000 2000 3000 4000 5000
— | |e + — §R ey LG — — e :
( LR LR-LR o) V47T S ma(GeV)
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CDF RunlI Preliminary j L=6.11'

0 05 1 1.5 2 25 3 35 4

IC_I/A*[TeV7]
LL
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[Degrande, Gerard, Grojean, FM, Servant, 201 | ]

SAME SIGN TOPS

The Tevatron constraints on same-sign tops [CDFPHYS/EXO/PUBLIC/10466] (pretty weak)

CDF RunlI Preliminary

jL:G.] b

& T T T T T T T T S 4S5 T T | T T T T
1 ]2 — — 1
% Excluded at 95% CL % 4= Excluded at 95% CL
= =
— 10— — — 35 |
I I 33
< < | i
= g | =

o

~ & 250 .
) o

2 25 3 35 4 4.5

IC_I/A*[TeV7]
LL

L HC start to put limits on same sign tops, but using a model...

Dimuon pairs / 10 GeV

Data / bkg

P2l amas peiminey e w2 ]
40; JLdt —161f" E I;::::c::mpt “_f
- sl 795(11) (D)

- . Mass range [GeV] | m(Z") = 100 GeV | m(Z') = 150 GeV | m(Z") = 200 GeV | m(Z') > 1 TeV
e E exp. obs. exp. obs. exp. obs. exp. obs.
mf_ _f m(u*p) > 15GeV | 24.8 21.8 23.0 20.3 22.4 19.7 36.6 | 322

- ] m(p*pt)> 100 GeV | 54 3.6 4.7 3.1 4.4 2.9 6.1 4.1
] m(ppt) > 200 GeV | 4.1 4.1 3.3 3.3 3.0 3.0 2.9 2.9

2% + /‘/// W m(ppt) > 300 GeV | 5.5 5.5 4.1 4.1 3.7 3.7 2.8 2.8
= %W W //%

(}E % + ¢ \ s , A .

0 50 100 150 200 250 300 350

m(uu) [GeV]
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[l. Andrea, B. Fuis A EMSeAeiNl

MONOTOPS

&i X Uy Vv
Very unique signature.
-3 t Two types of physics involved:
R parity violation (RPV) and/or FCNC.
d; t g t
L= Lsm

+ ou [{IFG —I—chf}fE,] u+V,u [ﬂ};ﬂu*‘r” —|—b};5f}f“15] u
[ 1/2

: : 1 ik 3c 1/2
Most general simplified model T pad; ESR+55R’Ya i+’ |agp+bsp7s| X
leading to monotops: +E1—jk%5id.: ﬂ%RerSR% e+ | a ~1;2+b1£ 5] x

-|—XPLH[|L1 rY L by R,.}, ’3*5]){4—]:1.::.,,
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[|. Andrea, B. Fuks RISE2E N

MONOTOPS

Study of the simplest signature: 3jets (and/or | boosted top)+nothing.

pp—>jjj+ETattheLHC(7TeV)

Ao L
S - — — Scenario I
= 04F — Scenario II
) g - B cenario
q = 035 — Scenario I1I
* g — — Scenario IV
2 0.3— Scenario V
= — Z+3jets
0.25—
02—
0.15—
0.1
0.05— =
0 : Ll I e . I i— A I |
Er 0 50 100 150 200 250 300 350 400

Missing transverse momentum [GeV]

Models implemented in FeynRules + MG5. Pheno ready to go.
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VWeinberg's dimension-6 operator basis reduce in case of top to only 2 independent ones:

O) = ™[t (aPr, + bPr)Dg|[US(cPr, + dPR)E]

O\ = *PV[fe (o' Pp, + b PR)E|[US(c P, + d'Pr) D,
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Strongly constrained by proton decay due to two-loop contributions. Theory of flavor needed...
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