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1 Motivation

Phenomenological studies on anomalous top couplings

* idea:
=> use the large statistics at LHC to constrain trilinear top couplings to
vector bosons with previously unknown precision
= model-independent effective approach to parameterize any new physics

/ example: tbW vertex \
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2 Effective Field Theory & Anomalous Couplings

Effective Operator Approach

* integrate out model-dependent heavy excitations of new physics contributions
=> effective operators with higher mass dim and suppression scale A:
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Effective Operator Approach

2 Effective Field Theory & Anomalous Couplings
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2 Effective Field Theory & Anomalous Couplings

Effective Operator Approach

[ possible basis for tbqq‘\
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2 Effective Field Theory & Anomalous Couplings

Effective Operator Approach

4 A
Find the full package in
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2 Effective Field Theory & Anomalous Couplings

Effective Operator Approach

N

LHC observables for top charged currents:
1) top pair production  =» largely QCD, not sensitive

2) singe top production =» electroweak, sensitive to tbW, tbqq*

3) top decay products  =» electroweak, sensitive to tbW
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3 Single Top Differential Cross Sections

Single top differential cross sections
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3 Single Top Differential Cross Sections

Single top differential cross sections

phase space point ®

] s,t
! \ differential detector response:
detector selection
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3 Single Top Differential Cross Sections

Interlude: matrix element matching t/Ls
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« automatically subtract LO splitting from f,
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=>» set beam switch (works with any Lhapdf input)

?lhapdf_hoppet_b_matching = true




3 Single Top Differential Cross Sections

Interlude: matrix element matching t/Ls
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Single top differential cross sections
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3 Single Top Differential Cross Sections

Contact interactions & differential cross sections

» approach: fix Vi, g,  from W helicities
=>» single top prod. as a window to charged current contact interactions
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3 Single Top Differential Cross Sections

Contact interactions & differential cross sections

» approach: fix Vi, g,  from W helicities
=>» single top prod. as a window to charged current contact interactions

= Vs ¢ = 14 TeV, partonic acceptance:
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3 Single Top Differential Cross Sections

Parton level analysis
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Parton level analysis
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differential distributions of final state objects:




3 Single Top Differential Cross Sections

Parton level analysis

[ binned likelihood test:
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Detector level analysis

« infer binned detector efficiency matrix at the SM point
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Detector level analysis

« infer binned detector efficiency matrix at the SM point
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Detector level analysis

« infer binned detector efficiency matrix at the SM point
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3 Single Top Differential Cross Sections

Detector level analysis

« infer binned detector efficiency matrix at the SM point
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3 Single Top Differential Cross Sections

Detector level analysis

« infer binned detector efficiency matrix at the SM point
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3 Single Top Differential Cross Sections

Detector level analysis

« infer binned detector efficiency matrix at the SM point
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Detector level analysis

« infer binned detector efficiency matrix at the SM point
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3 Single Top Differential Cross Sections

Detector level analysis

« infer binned detector efficiency matrix at the SM point
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3 Single Top Differential Cross Sections

Detector level analysis

O » o,
« infer binned detector efficiency matrix at the SM point
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Detector level analysis

3 Single Top Differential Cross Sections

« detector level 10 bounds: scalar vs. vector couplings
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3 Single Top Differential Cross Sections

« detector level 10 bounds: scalar vs. vector couplings
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3 Single Top Differential Cross Sections

Detector level analysis

» compare parton level 10 bounds:

scalar plane vector plane
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=> separate analysis of s and t channel might hint at vector <> scalar nature



3 Single Top Differential Cross Sections

Detector level analysis

» back at detector level 10 bounds:
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3 Single Top Differential Cross Sections

Detector level analysis

« distinguishing the couplings: vector €=» scalar
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Detector level analysis

« distinguishing the couplings: vector €=» scalar
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Detector level analysis

« distinguishing the couplings: vector €=» scalar
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3 Single Top Differential Cross Sections

Detector level analysis

« distinguishing the couplings: vector €=» scalar
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Detector level analysis

« distinguishing the couplings: vector €=» scalar
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Detector level analysis

« distinguishing the couplings: vector €=» scalar
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3 Single Top Differential Cross Sections

Detector level analysis

« distinguishing the couplings: vector €=» scalar
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Detector level analysis

« distinguishing the couplings: vector €=» scalar
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3 Single Top Differential Cross Sections

Detector level analysis

« distinguishing the couplings: left-handed €= right-handed

t channel @ scalar plane
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3 Single Top Differential Cross Sections

Detector level analysis

« distinguishing the couplings: left-handed €= right-handed

t channel @ scalar plane
 epentisel  btag=0.6
L e \W/ pr ()0, ) EEEER ]
i Rl : 1 top frame
0.05] : S A
: ; Tcharged
& 0.00 lepton
kinematics:
~0.05] 6, / p9)
-0.10
-0.10 -0.05 0.00 0.05 0.10
Sk




3 Single Top Differential Cross Sections

Detector level analysis

« distinguishing the couplings: left-handed €= right-handed

t channel @ scalar plane
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3 Single Top Differential Cross Sections

Detector level analysis

« distinguishing the couplings: left-handed €= right-handed

t channel @ scalar plane
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3 Single Top Differential Cross Sections

Detector level analysis

« distinguishing the couplings: left-handed €= right-handed

t channel @ scalar plane
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3 Single Top Differential Cross Sections

Detector level analysis
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3 Single Top Differential Cross Sections

Detector level analysis

+ disambiguation of anomalous coupling structures from single top production

AV, or contact cpl.?
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3 Single Top Differential Cross Sections

Detector level analysis

+ disambiguation of anomalous coupling structures from single top production

AV, or contact cpl.?

binned
AV, likelifiood vector or scalar?
,‘—J-~~\
: /' SEDL N r SR
left- or right-handed? j&—— -~ > Vo |
\~~ "/
S rTS‘" challenge to detector
R pf), cosb, 2L performance:

channel purity!
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Conclusions

» abundant top production at the LHC

=>» precise measurements of top properties
=> look for non-SM couplings, minimal parametrisation from EFT
=>» quartic terms required (e.g. ttgg, 4-fermion)

* the WHIZARD 2 front

=>» all anomalous top couplings at hand
=>» implementation validated

* single top results

=>» window to charged-current contact couplings
=>» experimental s vs. t channel disambiguation crucial






Backup: Validation

WHIZARD Validation
» Ward identities: U
k ! 0 for ttgg, ttWW, tbWA,
y K = tbWZ amplitudes
z
* single top cross sections (s channel, no pdfs vs. LO analytical):
6.3 | e 0.85 I'. - LO
6.25 A \ *W20ih)
- ~ - Lo I i
3 o/ -sz 5 3 0.8 \ W2 (ih)
:E' 575 f “Warm < 0.75|
."' \.‘\
55 ' 0.7 TRy
| | —
e - { T 2 ] l
Yol et b SR Hj'l
e U s |
-4 -4
400 800 1200 © 400 800 1200
\/\'_IGCVI \/s_[GcV]




Backup: Validation

WHIzZARD Validation

* top decay W helicities vs. LO analytical:

5
— cosH” cost”

-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5

* top spin analyzersiaguilar-saavedra et al. ‘061 (VS. LO analytical):
G3,, T B, [ LB

Vi |Ve|agr|gr| LO T W2 LOTT"W2 | LO W2
0.500 [ 0.500 [ -0.198 [ -0.199 [ -0.167 | -0.164
0.329 | 0.326 | 0.000 | 0.000 | -0.329 | -0.327
0.502 | 0.500 || -0.324 | -0.322 || -0.195 | -0.194
-0.242 | -0.232 || 0.166 | 0.161 | 0.055 | 0.056
-0.055 | -0.057 || -0.166 | -0.159 | 0.242 | 0.230
0.195 | 0.195 | 0.324 | 0.322 | -0.502 | -0.501
0.353 | 0.355 || 0.000 | 0.000 | -0.353 | -0.354

[AX = Sp-ax (g*)]

e B e B el N e
o = =l Cc = O
= oo, oo
= = ol oo




Backup: Unitarity

Unitarity bound on the contact coupling size
* perform a partial wave analysis on the udtb contact diagram

« depending on input pdf‘s, infer unitarity limit on the coupling strength
~CIN?, in terms of V,°ff

|ct ¢ \/7 — _
| , s . [TeV] laol=1/2
0.6 / £0' 2%0.1x7 TeV
0.5F / 3.5¢ 0 2x 0.1 x14 TeV
rd R4
04 [ ,l’ “‘o' —_ (; — 0 30 F
0.3 . S e = 2.5
V4 - 20t
02¢ Vi - =2 ’
f/ .-"‘ 1.5¢
01 F /,’ .......... 10 L
e ” aa” . ) ) . s ) ) . ) . Voﬂ'
05 10 15 20 25 \/‘_ [TeVI 60 02 04 06 08 107
J

LHC@ 7 TeV: V,°f<0.75
LHC @ 14 TeV: V,°ff < 0.25 (exp. sensitivity ~ 0.05 @ 10 fb™") v



Backup: Differential cross sections

Contact interactions & differential cross sections

« different approach: fix Vj, g, g from W helicities
=>» single top production as a window to charged current contact interactions

7 s ’mW
b "V + VPN PLtW T + hee
miy

ALce = —

sra

[SL” bPut) (@ Pry) + SY) (bPpt) (7, Prdy,) + hec.

S (DA Ppt) (1A Prdi) + S5 (DA Prt) (A Prdy) + h.c.]

i
X
+




Backup: Differential cross sections

Contact interactions & differential cross sections

« different approach: fix Vj, g, g from W helicities
=>» single top production as a window to charged current contact interactions

2
N mmW NP WS +he.

\/—
‘l)PLt ) (g, Pr.dy) (bPRt) (1, Prdy) +h.c.
+‘b/\ PLt uk/\aPLdk) +Z‘/\GP_Rt) (ﬂk)\aPde) +11.C.]

=>» color structure of (pseudo-)scalar contact couplings:
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Backup: Differential cross sections

Contact interactions & differential cross sections

« different approach: fix Vj, g, g from W helicities
=>» single top production as a window to charged current contact interactions

2 2
AECQ = - %bwﬂ@ PLtW; + h.c.
w
+ S (ENPL) (w0 Prd) +(SENEPR) (31 Prds) +hc.

+ﬁ(;)(mapr*)(ﬁ;v\“13b.lﬁ)} % tXPrtr(a /\FR(Lk)-l-llC]

F )

=>» color structure of (pseudo-)scalar contact couplings:
u t| 2 u t
Z @ _ 2 kinematically
colors 0 degenerate!

d b d b

* basis for contact interactions: [ {V, VLOff,SL,SR} ]




Backup: Spin analyzers

Interlude: assessing the top spin

* use top decay products ¢, v, b ,spin analyzers® aguilar-saavedra et al. ‘06]

b
dI’ 1

1
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_ with X =1,v,b
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b b
dI’ 1

! (1+ Ox)
e ———— = | L QX COS
y  D'dcosfx 2 pzax X

_ with X =1,v,b
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b b
1 dr 1
e — B
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Backup: Spin analyzers

Interlude: assessing the top spin

* use top decay products ¢, v, b ,spin analyzers® (aguilar-saavedra et al. ‘06]

b b
dI’ 1

1
(A, Tty 3\ Toafeosty]

6 single top spectator jet:

« top polarization along axis z P,~ 0.9 | inthe SM meanion, arke 00
=> spectator defines ,,good“ axis

with X =¢v,b

« fix ay = ay(Vg,g,,9g) from W helicities: a,= 1, a, = -0.41 (SM point @ LO)

> anomalous top polarization from cosé,




