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Introduction : EFT
Motivations : pheno projects
BSM at NLO

EFT at NLO :

® what do we need?

® Status/Development
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Effective Field Theory

Parametrize any NP but an 00 number of coefficients |

L = £SM—I—LLAd I

d>4 1
® Assumption : Eep << A l

. 2 finite number of
L=Lsm+ Z A2 O coefficients =>Predictive!

® Model independent (i.e. parametrize a large class of
models) :any HEAVY new physics

® New Interaction : complementary to new particle
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Effective Field Theory

M ()" = |Msar ()| 2R (M (@) Mg () | Mas ()] + ...
\‘ A0 | _ | O(A“l)

® SMis O(A°) ,NPis O(A7?) :
® Precision Physics : small effects

® Quantisation of NP constraints

Should not be included,
be small
Error estimate

® |f the BSMis ~10% SM :SM is NNLO accurate, EFT

should be NLO accurate

® EFT are renormalizable order by order
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Electroweak sector

® anomalous TGC

® Higgs precision (HEL : Benj, Ken,Veronica,
Kentarou, CD)

® S|LH basis

® Associated production and VBF
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Top FCNC

CD, F Maltoni, J.Wang, C. Zhang, PRD91 (2015) 034024
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Decay the top with the CMS with flavour mixing
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Top pair production

SM NNLO+NNLL : 2-3% scale unc. (M. Czakon, P.
Fiedler, A. Mitov, PRL 110 (2013) 252004)

EFT LO : 30% scale unc.(CD, J.-M. Gerard, C. Grojean,
F. Maltoni, G. Servant, JHEP 103 (2011) 125)

Chromomagnetic operator at NLO: 13% scale unc.(D.
B. Franzosi, C. Zhang, PRD91 (2015) no.1 |, | 14010)

Many 4-Fermion contributions
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Graviton
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New resonance : Spin 0,1,2? ©

Motivated by Extra Dimension

* (Kq,%0)=(1,1)

® (Kq,K0)=(1,0)

e (x4,%5)=(0,1)

103 3

MadGraph5_aMC@NLO
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Check : Known UV (P.Artoisenet et al, [HEP 1311 (2013) 043)
Production at the LHC (G. Das, CD,V. Hirschi, F. Maltoni, H.-S. Shao,

arXiv:1605.09359 [hep-ph])
Project : connection to DM

Project : unitarity violation

C. Degrande



NLO ingredients: R

1 _ N (g _ _
d9g—— (a) , D; = (G + pi)° — n?

1 N (q
Ry = lim I /ddﬁ_ — (4 q,_e)
e—0 (27-‘-)

Finite set of vertices that can be computed once
for all
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Computed in MadlLoop :R|

Due to the & dimensional parts of the denominators

Like for the 4 dimensional part but with a different set of
integrals

~2 -2 2
n- 4 e s o (P py)
d"g—— = ——— |m; _ O
/ quD] 9 mz+mj 3 + (6)7
~2 -2
_ q (I
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gt = — 40
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Only R = Rj+R; is gauge invariant [ > Check
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NLO ingredients: UV

) 1 0
d 4 =K—-+0 (¢
(27)* DoD; ... Dy € ( )

- :O%%—(’)(eo)

Relations fixed by the Lagrangian (finite part)‘

Finite set of vertices that can be computed once
for all
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Renormalization

External parametersl
rxo — T+ ox,

1 1
do = (L+50Zpp)¢ + > 50ZexX

Same for the conjugate field

Internal parameters are renormalised by replacing the
external parameters in their expressions

qq (140Z44)TL
gqg (Z 1(5(13 + 35Zgg TL '> Fixed by
9999 (1 + 5048 +20Z4,)TL
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Renormalization conditions

On-shell scheme (or complex mass scheme):

Renormalized mass = Physical mass

Two-point function vanishes on-shell (No external
bubbles)

8ij (p —my) + i [f (0) prv— + £ (0°) prs + £5F (0%) 7= + £57 (0°) 4]
Js @ mee 5760, = ¢
PUse) me o], = o
J i 105 02) 4 5 00 me 535 %) + 137 090+ 75 ) + 22 69) )|, = 0
Similar for the vectors and scalars
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How does it work!?

FeynRules

Renormalize the Lagrangian

MO e .MO
i model.gen L‘ ﬁmOdel nlol
FeynArts
Write the amplitudes - Public: Only for
\ | dim-4 or less

NLOCT.m
Compute the NLO vertices
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EFT at NLO (QCD)

B. Grzadkowski et al, JHEP 1010 (2010) 085
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EFT at NLO

(

In the loop: (¥ 0)(Gu, ¢

\ YLV 3
@\ same as SM (D, o)

LY

FABC (Av (Bp (3O More momenta: higher rank
ol G: (1AnY " of the integral numerator
" (NLOCT/MadLoopv)

Additional gamma algebra

_ 'LWTA . NGA
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EFT at NLO
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EFT at NLO
Q-0-O

Evanescent operators: O = (ay"T™u) (#y,Tt)

pPI

p2

LRIV PR 1 1WPR= E+ (16! 4a#)! *Pr " 1, PR
!“!!!"PR" !'-!!!HPR:|E+[4' (12| 4a)#]'“PR | PR

WORK IN PROGRESS
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EFT at NLO

® UV counterterms :

® Basis reduction needed for the anomalous
matrix (By Liam Moore)

® Check (R.Alonso, E. E. Jenkins, A.V. Manohar,
M. Trott, JHEP 1404 (2014) 159)

e MSbar : |/e from the amplitudes not from the

renomalization

® Running (UFO 2.0)
® Complex Mass Scheme (UFO 2.0)
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Conclusion

® BSM at NLO including EFT
® Nearly there
® Many pheno projects

® Discussion
o CMS

® Running

e UFO 2.0
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