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Introduction



The NP EFT

provides a systematic parametrization of the theory space

in direct vicinity of the SM

> in a low-energy limit
» through a proper QFT
» consistent when global

EFT analysis recipe:

1. Go globall!
2. Combine observables!
3. Offer yourself NLO!
FCNCs
- top pair production
- single top production
- ttZ, tty
- tth
- four-fermion operators

[Degrande et al, 14']
[Franzosi et al. 15']
[Zhang 167]

[Bylund et al. 16']
[Maltoni et al. 16']

[llaq OK, Gqgq ongoing]
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http://arxiv.org/abs/1412.5594
http://arxiv.org/abs/1503.08841
http://arxiv.org/abs/1601.06163
http://arxiv.org/abs/1601.08193
http://arxiv.org/abs/1607.05330

Global top FCNC constraints at NLO in QCD

Showcase example:
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WEE: individual limits

Observables:

t— jyy [CMS 14']
t—j 00 [CMS 13']
pp — ty, ty [CMS 15']
pp — t,t [ATLAS 15]

ete™ — tj, tj [LEP 01']


http://arxiv.org/abs/arXiv:1412.7166
http://cds.cern.ch/record/1666526
http://arxiv.org/abs/1312.4194
http://arxiv.org/abs/1511.03951
http://arxiv.org/abs/1509.00294
https://cds.cern.ch/record/1006392

Global top EFT constraints from LHC

- 195 observables (174 from differential distributions), 12 operators
- mainly from tt, then single top, charge asymmetries, associated
production, W helicity fraction in decay
- standard-model only (N)NLO k-factors in each bin [Buckley et al. Jun. 15]
[Buckley et al. Dec. 15]
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Top EFT at lepton colliders



Top physics at lepton colliders
Handles:

» tt threshold scan — mass, width, Yukawa, etc.
» tt continuum: - total rate
- production distributions
- decay distributions
» Polarized beams and /s dependence (at linear colliders)
» + o(tth) above /s ~ 500 GeV (+ ttZ, tty, etc.)
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Up-sector neutral current operators [Grzadkowski et al 107
Two-quark operators:
Scalar: Oy = qu @ @iy,
Vector:  Opq = g q © ﬁwp = [0, + 0,41/2,
Ofaq = go"r'q (p fﬁu p, = [O:Zq — 0,4]/2 (CC also)
Opu = uy'u ¥ IDH ®,

Oypua = uy*d ID,I ©, (CC only, my int.)
Tensor:  Ouw = go'’u @ BW,
Ow = Qa‘“’r’ugﬁ WW, (CC also)
Oaw = QU’”'T’d %) VV/W (CC only, mp int.)
Ouwe = cja’“’TAu %) GA .
Two-quark—two-lepton operators:
Scalar: O,y = Ie ¢ gu, (CC also, me int.)
Otedq = Ie dgq, (CC only, m, int.)
Vector:  Oi; = Iyl 3y'q =[0f, + 0y]/2,
03, = i’zm"l gv'r'q =1[0i, — 0,1/2, (CC also)
O = 1v,1 av*u,
Oeq = é’y#e qf}/#q7
O = évyue uvMu,

Tensor: O, =Ioue & go'u. (CC also, me int.)


http://arxiv.org/abs/1008.4884

Independent coefficients

Two-quark operators: 10 real degrees of freedom

Scalar: Cff),
Vector: C;ém = C;rém*, (down-Z, tbW)
q,:;z) - cA"ngj)* = C%z) + C;q‘z? (up-Z, tbW)
Co? = G =G -6, (up-Z, tbW)
(;pud
Tensor: c) = C (33) | Cu ,
ul
C$3) = cotan fw Cﬁfﬁ —tanfw C§g3),
Cs”
Two-quark—two-lepton operators: 9 x 32 real degrees of freedom
Scalar: Cf;;f),
Vector: C+ (33) CJr(?’3 (up—v, down—¢)
ClV(33) cv V(33) =t 4 leq(azy) (up0)
CA<;(33) C (33) =t _ leq(azy) (up-0)
C‘g(33) Ceq (33)* = 533)+C§33), (up—¢, down—r)
CAB) _ Al A(33)+ = _ ¢
Tensor: cri)

lequ °*



Anomalous vertices

~¢ ~Re,Im{Cya}
- . m 0% U;Lulq
tt’)/' Y (Flv+'75 A)+ (FV+I’}/5F2A)
~CY,.Ch, ~Re,Im{C.z}
—_——~ gV r—PTN————
7. =4 z owiq” 77 ive FZ
ttZ Y (F1V+75F1A)+ 2m*(F2v+l’)/5 2A)
t
~Copud;C}, (qu—C:;q) ~Re,Im{s%, Cyatswew Cuz}

/—/\— :
- o iq”

—_——
tbW: o (Flv\\; + ’75F1VX) + (sz\‘; + "’75’:2‘%)

Insufficiencies:
— Miss four-fermion operators
— Conflict with gauge invariance
Do not allow for radiative corrections to be computed
— Complex couplings where the tree-level EFT prescribes real ones
— Hide correlations induced by gauge invariance
Preclude the combination of measurements in various sectors



Operator sensitivities in eTe™

Total cross section (left pol.):
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Helicity amplitude decomposition in bW+ bW~

2V +A) + V5 (T - 8T)
LV 4+ A)+ /s (T +BT)

Production amplitudes:

In terms of Q = {6o, 01, $1,02, P2}

do
dQ

13/4
+3/4

SHHTEHES

RIS
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[Jacob,Wick 59']

[Schmidt 95]



http://dx.doi.org/10.1016/0003-4916(59)90051-X
https://arxiv.org/abs/hep-ph/9504434v1

NLO in QCD for ete™ — bW bW ™

For various beam polarizations and center-of-mass energies:

V5 [Gev]
300
380
500
1000
1400

3000

300
380
500
1000
1400
3000
300
380
500

1000

asw [fbo]
1%

2 92 +0. 3'/.

392

825 tﬂ 5'/.

g

669 155
i Sy
1%
21 Sosu
b et

1
249 10.9%
119 o5,
405%
203 1%
59 Som,

"
17
a
0,353 02%
18 2yh
+3%
7143
13w

0%
258 L%
5336 S5

+1
356 =30

41 109

"
%

—~0.0856 ;u:’«’

~556 m«.
it

23352
16 Joan

o
a5 a0,
0583 To1%

z
—412 fa
0798 2%

T

0.4 2200
0128 joo%

~0.0855 o

T

516 1
T8 i

—os%
213215
0958 104t

%
—327 1%
67
0%
—493 2100
093 so3%
™

—424 st
109 f0s%

(MG, complex

a
-3 lig

01401 mﬁzlﬂx-f.
iz 2 R

-993 xz'/.
e

1230254
050 0%
w
~1070 20
o 2%

e
—1460 +5%

0926 1074
03%
1284500 —1270 oo
053 Sg  oder o2
42 2%
0,126 20, ~0.62 x02%
RO 138 G
- 1%
36105%  —068 2%
6 iy, 116 W
0%
3174 1270 u%
895 05 0sn jo

0%
1siin.  —1450 2
0851 Zosn 092 m %

0%
757 i6%
e

0574
53 S

4%
0.0147 +0.1%
Taz ' G

%
16.2 106% —
Td s,

<02%
15.8 o0t —

037 X030

%

%
—0.303 04%
15 e

816 110w
o9 1an

5%
689 450%
06 (4%

03023854
0302 02

649 203
18 2%

810207

07
0933 Yo%
2%

810 4
082 1

850 2
Pyt

a1 [fb]
v
6

—0.136 x0.1%
e

—45.2 5
oses oo

15535
051E L0%
o
8 %
0850 113

~1.08 £30%
054 17

%
0.00343 01%
15 3

%
3314
116

—0.208 ﬂo
106 0,

0.146 tn"r‘.

0%
asio Sy

—0.0259 <0.1%
3

~418 z08%
18]

-3
o

-
—4.75 120%
0665 1%

%

—15 270%
08 5%

o6
o7
Foi S5
1%
87.343%
035 S0
o8t
598 Son
105 o4
10.5%
142 130%
165 “oa%

42
041 Loz
i

198 +n o
118 -

164 137,
0983 050

295 tq'r.
Ba03

%
00799 +0.2%
15 Ta

1%
124 20a%
jRtiuts

997 1D e
0905

341 gu
Dgis *;

0%
o

iy
iEE

0%
—497 0%
=

%
—0.000225 £30%
= o

185+ mv.
ol

+70%
6.25e — 06 ~2000%
Touo s

0%
0.4 70%

0%

1.35 50%
= e
—m

—0.663 +200%
= fo%
%

~1.22 kao0%
= how

0%
1.93 o0t
= o

8¢
3.38e — 06 +3

%

0%
0.0946 200%
= o

0%
0316 2a0%
=" Zow

%
—0.832 £70%
= 0%

lia

~0.000125 =
=

1%
—0.434 a0%
0%

0257 +2mm
o505

2.15 Lo
o

20
2.7 — 06 +2000%
619 3%

—10%
—0.324 +100%
= o

o
—7.78e — 06 <200%
13 foor

0%
~0.0633 =200
=

0%
0187 s

0255 & uw'/.
%

0475 mu«.
o

2110 10%
= o

0%
0.000214 £6%
= e

0%
0.25 £10%
A

10t
0.715 230%
= Zon
0%
0.907 5%
= o

0%
0.414 +100%
= Ziow

~0.261 1200%
R

108
0.000197 4%
= e

108
0.185 +10%
= Zon
0%
0.554 210%
= e
0%
0.587 +4%
= Con
110%
0.281 1100%
= Ciow
0%
0197 2701
=" Ziow

1

1.84e — 05
e o

+200%
0.000205 +3000%
“oo6is” o0

0%
0255 220%
=7 Zow

10
0258 Sk

~00453 Do
o0

mass scheme, my, — 0, total width EFT dependence not included)

10



A couple of additional ideas



. . [Atwood,Soni 92']
Statistically optimal observables Dl Nachtmann 04

minimize the one-sigma ellipsoid in EFT parameter space.
(joint efficient set of estimator, saturating the Rao-Cramér-Fréchet bound: V~1 = /)

For small G, with a phase-space distribution o(¢) = oo(¢) +>_ Ci 0i(9),

the statistically optimal set of observables is: O;(¢) = 0i(¢)/o0(¢).

e.g. 0(¢) =1+ cos(¢)+ Cisin(¢) + Cosin(29)
1. asymmetries: O; ~ sign{sin(i¢)}

2. moments: O; ~ sin(i¢)
sin(ig)

3. statistically optimal: O; ~
yop 1+ cos¢

= area ratios 1.9:1.7:1
(total rate not used)
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http://dx.doi.org/10.1103/PhysRevD.45.2405
http://dx.doi.org/10.1007/BF01555899

Global determinant parameter (GDP)

In a n-dimensional Gaussian fit
GDP = V/det V

provides a geometric average
of the constraints strengths.

Vdet V

Interestingly, GDP ratios are operator-basis independent!
as the volume scales linearly with coupling normalization
as the volume is invariant under rotations

= conveniently assess constraint strengthening.

e.g. Higgs fit at lepton
colliders:

W LHC 300/
W LHC 3000/

Iy
50l shade: combined with HL-LHC
blue line: individual consiraints

precision

[GD, Grojean, Gu, Wang]



Summary
The EFT parametrizes systematically the parameter space
in direct vicinity of the standard model.

A global analysis of future-lepton-collider constraints
on the top EFT is ongoing.

Statistically optimal observables are surprisingly unexploited.

Global determinant parameter ratios assess the strengthening
of global constraints, basis independently.
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