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EFT introduction



e Assumption : NP scale >> energy probed in experiments E
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One assumption : p2 < m”*
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Ex : Fermi theory “Sar2]”
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e if Vis very heavy _ZVWVW ~ 0

e andthe EOM is
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L= Lsy + Z Z ASLL O’4— SM fields & sym.
d>4 i
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Parametrize any NP but an « number of coefficients

N
C; .
L=Lsy+) ) w7704 SMfields & sym.
d>4 i
® Assumption : Eep <<A C a finite number of
L= Lsn + Z A—;Of coefficients
i =>Predictive!

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

e SMis the leading term : EFT for precision physics
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Parametrize any NP but an « number of coefficients

Ny
C; .
L=Lgp + Z Z = O;Z(- SM fields & sym.
d>4 i
® Assumption : Eep <<A C a finite number of
L=Lsu+ Y A—;'co? coefficients
j =>Predictive!

measure only C;/A*

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

e SMis the leading term : EFT for precision physics
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M ()" = [Msar ()| 2 (Msas (@) Mg(2)) H | Mas () + ..
S O (A7)

R (M () Mjg(x)) = \/ [ Msar () | Mas ()] cos a L{\
87 g R

Not always positive

Can be suppressed
Mspy(z1) =1, Msp(z2) =0

oo Y M) if Tint = 0
x Mag(z1) = 0, Mag(z2) =1

Observable dependent
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C, .
We measure 12 what iIsA?

SM+NP

= NP only 1/A®
Unitarity bound

SM 1/A°

Unitarity > A E
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C, .
We measure 12 what iIsA?

+Form
. Factor
SM+NP o .
------------- = NP only 1/A’
| Unitarity bound
........... SM 1/A°
v H—H—I—t-a-Fl-t-y > A =
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Precise : EFT

C, .
We measure —. what iIsA?

(Amoel ind.) G
R P —
. Factor
SM+NP o .
----------- = NP only 1/A°
| Unltarlty bound
........... SM 1/A°
\ 4 Unitarity > A =
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Precise : EFT We measure &, what isA?
model ind.) A

SMx+>100%
Assume SM
+dim6 only ettt :

SM+NP oo 5
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= Unitarity bound
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Precise : EFT We measure &, what isA?
model ind.) A

SMx>100%
Assume SM
+dim6 only ettt ,
Unitarity . +Form
allowed . Factor
SM+NP |

E
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Top example



Assume (To be checked) that all the operators without top are
better constrained by other processes (i.e. not involving the top)

U(2), xU(2), xU(2)4 flavour symmetry
=MFV with all F massless but t,b

four heavy quarks 11+ 2 CPV
two light and two heavy quarks 14
two heavy quarks and bosons 9+ 6 CPV
two heavy quarks and two leptons (8 +3 CPV) x 3 lepton flavours

1802.07237 C. Degrande



Two-light-two-heavy (14 d.o.f.) From the Warsaw basis

3,1

_ ~3(ii33 1 (~1(i33i 3(i33i
CQq - qug )+ E(ch(z ) - thg )
3.8 s oy 1(iikl _ _
Coq = Cas'®" —Cair®® Oy = (@ a45) (@),
1,1 — id 1334 1334 3(igkl) _ (= I — I
Coq = Cel™ + 003D 4 Fogle® OTkD = (g ! q5) (@' @),
1.8 oo e ..
Ccl = 01(1337,) _|_303(7,33'L) Ol(z]kl) _ (—. 7 )(ﬂ/ ’U,)
Qq qq aq qu iV 45 )\ UEY UL ),
1 — ~1(33i4) 8(17kl — A — A
‘Qu = O = (@ T q5) (e T,
3 _ ~8(33i1) o —_
C =C 1(ijkl) _
u ™ O, = (@7"q;)(drypd),
1(33i4
Coqa =C.5%" 8(ijkl) _ [~ A N7
3 _ o8(38i1) qu = (@ T q;)(dky, T dy),
d — B _
ClQ _ Ciiws) Oq(;fgkl) = (Uwuug‘)(uk%ul),
tq - v 16ijkl) - s
S = st Oua " = (uy"uy)(dryuds),
@ 8(ijkl) _ (~ _umA
C%u = C£i1f33) + %Cq&’f’?’i) Oud — (’LL@’Y“T ’U,j)(dk’yuT dl),
1 _ ~1(33i4)
Ctd - C('u,d
8 — ~8(331i1)
Ctd - C('u,d
iO(ij) (A ,LLI/TA ' ~GA
= (o™ T uy) ¢
Two-heavy uG = (G i) PG

e =ECE)
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4F interfere only with qqg

ttbar, A=1TeV

5x1061 (— [ R L — T [ R [ R I
1X106 B .
f f 2
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— SM — ctG=3 (int) — ctu8=20 (int)

— ¢tG=3 (NP2) — ctu8=20 (NP2) C. Degrande



Two-heavy (9 + 6 CPV d.o.f.)

Al o)

Coq =CFY -3

Coq =035 < TOp

c _ (33) :
G, eptonic
coy = Imiosy decay

ey =M —sw OB 4w @)

chy = ey 0 if mp=0
o =me

Two-heavy-two-lepton (8 + 3 )

63(5) _ Clzaq(ees3)

C—gf) _ Cl1q(ee33) B Cl?,q(em?,)
Cgi = C’éf;£33)

ey =

C%ﬁ) = (e433)

cf[l] (£) _ [ézn]{clle(ji%)}
C;F[I] (f)E ﬁil]{cf’éfﬁ?’?’)}

o 1= hrelt)

From the Warsaw basis

'Ol = Giu; @ (0Te),
0L = (1D )@ a5).
0% = (oD L)@ qy).
0% = (i) ) (@),
00T, = (@1iDup) (i dy),
05 = ) oW},
05 = (@t rldy) oW,
'00) = (@0"u;) @B,
0L = (qio™ T ;) ¢G4,
Ozlq(ijkl) = (Ly"1;) (@ @),
Op IR = (e 1) @y ),
OF*) = (L 1) (" w),
O = (8 es) (@ ).
OUIR) = (gv"e;) (upy"wr),
ORI = (Lie)) € (quw),
ORI = (Lo e5) € (quouwm),
Oty = ie)dhar),  C Degrande



(SM-like) Top decay

0 =i ("7 Dyo) (QV*7'Q) + h.c.

C. Zhang, S Willenbrock, PRD83, 034008

J.A.Aguilar-Saavedra, NPB843, 683

+ one four-fermion operator for the hadronic decay

1 2
—2|M
SX|M

VEg*u(m? — u) o CH)v? N 4v/2ReCow Vipmemy  g°su
2(s — m?,)2 Vio/\? N2 (s — miy)?

(3)
4Cy" g*u(mf — u) Lo (/\_4>

_|_
N2 s—mE,




C(3) (3)

¥ c
T({t=beTve) _ g 1541 0.019—7 +0026%+0 TeV?
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1 dI' 3 2 3 2 3 . 2
- = —(14+cosf)"Fr+ =(1 —cosh)"F.+ —sin“0F
Fdcosd 8l T )'Fr+ gl ) FL+ g 0
Fo— m;  4V2ReCw Vv’ mmw(m; — miy)
m? +2m2, N2 Vy, (m? +2m2,)?
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Fr = 0 :
% 0.001 © |
g _
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o
1074 3 E
(3) '
e Veou(mt —u) | 4G PumE—u) o3 :
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The top quark is
- one of the least known particle
» more sensitive to many dim-6 operators due to its mass

b g Iy 14 A;cos6
t T 2

'Y 1-Acosf
/ T 2

C. Degrande



1

Lt = 75 Coq (tLy"br)(drypur) + Cau(try*br) (dryuur) + Cou(trbr)(drug)

+qu(£LbR) (CZRU,L) — CqudR (t_RbL)(JR’LLL) — CqudL (t_LbR) (CZL’LLR)] -+ h.c.

In the top reSt frame 1_] T 1 1T 11 T 11 T 11 1T 11 1T 1 I—
N R E7 | :
f=rt, =i —=h, T=9X2 0ol -
|pj| |pj X pq| i =_=_=_=_=_=_=_=_=_=_=_:_E
j |
0.8 d,u,i,b, ‘\\\ dgu, t by ]
t g o duughby
A\
0.7+ d u.t.b v —
« q ; 3,u.1b, /'\\
. ~samez o] N
direction as single t \\\ilx
. _l 1 1 1 I 1 1 1 | I 1 1 1 1 I 1 1 1 1 I 1 1 1 | I l\l::l\\l—
the Jet °37 08 09 1 11 12 13
G/ o,

b

J.A. Aguilar-Saavedra, C. D. and S. Khatibi, PLB769 (2017) 498-502 C. Degrande



Ex: FCNC such as tt

JHEP 1510 (2015) 146

L — +0.2% +0.9%
SM  4.045+0.007 -10-1 *9-2% +0-9%  pbat 13 TeV

Orr = [trY"ur] [tRYuuR] up to 0.5 pb

Phys.Lett. B703 (2011) 306-309
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O = (¢To)(@it)p

CD, F. Maltoni, J. Wang, C. Zhang, PRD91 (2015) 034024

LO NLO |
Coefficient |o[fb]|Scale uncertainty |o[fb]|Scale uncertainty qg tB
C3) = 3.5 (2603| +13.0% -11.0% |3858| +7.4% -6.7% : B 7 h
CU3 = 0.04]40.1| +16.5% -13.2% |50.7| +4.0% -5.2% =7, 4,
C) =35171 | 49.7%-87% |310 | +7.3% -6.3% C;
c®¥ = 0.09/9.53| +11.0% -9.7% |16.6| +5.5% -5.1% LrrT = LsMm + Z FOi + H.c.
i
oL : pp—th at the LHC13
. NLO+PYTHIAG6
Small when constraints from -
ug — tare taken into
10° = ,
account : -

| A ) > L

Of =i (@T D fm) (@' Q) O i
o —

- a4 _ = [BE -
Ogolq’?’+3) =1 <90 D/LQO) (%”7“@) Q_f— _g e 9
Og;r?’) — (@Lﬁ Mgp) (Ty"t) 8 10° = ~INLO, €¥=0.04 = %

_ - NLO, SM pp—thj = %
O’l(LZg) :gY(q_iO-'uyt)@BﬂV’ 2_ l R R R R R B B R |' = _"rc)l
. _ as (13) o
Osg) — gs(qigWTAt)@Gle L NLO/LO, C,, NLO/LO, C'* ;
, ' — e e i —m SN o
0(13) — (q,O.,UJVTIt) ~WI 1 I R R R R SR T R S T T T RN T S B R g
aw = W \di P 0 200 300 400 500

Priop [GEV]
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Top fit



Process Dataset NT Info Observables Naat Ref
_ do /d|y.|, do/dp?, 5, 8,
tt ATLAS_tt_8TeV_ljets 8 TeV lepton+jets fdly], do/dpi [92]
do_/dmtﬁ da/d|ytt_| 77 i)
_ do /dys, do/dp?, 10, 8,
tt CMS_tt_8TeV_ljets 8 TeV lepton+jets /Ay /dp: [93]
d(T/dmtg, dO‘/dytt— 7, 10
dza/dytdpfa 167
_ _ d*o /dy.dm,;, 16,
tt CMS_tt2D_8TeV_dilep | 8 TeV dileptons [94]
d*o /dp/rdm,s, 16,
d’o /dy,sdm,; 16
_ do /d|y:|, do/dp?, 7,9,
t CMS_tt_13TeV_ljets | 13 TeV | lepton-jets fdly], do/dpi [97]
do [dmyg, do/d|y,] 8, 6
_ do/d|y:|, do/dpl, | 11, 12,
tt CMS_tt_13TeV_ljets2 | 13 TeV lepton+jets ], do/dp: [99]
do /dmyg, do/dly| | 10, 10
) do /dy:, do/dp!, 8, 6,
tf CMS_tt_13TeV_dilep | 13 TeV dileptons fdyr, do/dpi 100]
da/dmtf, dO'/dyt{ 6, 8
tt ATLAS_WhelF_8TeV 8 TeV | W helicity fract Fo, Fr, Fr 3 [95]
tt CMS_WhelF_8TeV 8 TeV | W helicity fract Fo,Fr, Fr 3 [96]

Only one distribution per measurement (correlation)
N.P. Hartland, F.Maltoni, E. R. Nocera, J. Rojo, E. Slade, E. Vryonidou and C.~Zhang,JHEP 1904 (2049) 100



Process Dataset /s Info Observables | Ngat Ref
ttbb CMS_ttbb_13TeV 13 TeV total xsec Otot (LEbD) 1 [101]
tttt CMS_tttt_13TeV 13 TeV total xsec oot (tttt) 1 [102]
ttZ CMS_ttZ_8_13TeV 8+13 TeV total xsec oot (tt2) 2 103, 104]
ttZ ATLAS_ttZ_8_13TeV | 8+13 TeV total xsec oot (tt2) 2 105, 106]
tHtW CMS_ttW_8_13TeV | 8+13 TeV total xsec oot (tEW) 2 103, 104]
ttW ATLAS_ttW_8_13TeV | 8+13 TeV total xsec oot (tEW) 2 105, 106]
ttH CMS_tth_13TeV 13 TeV signal strength e, 1 [107]
ttH ATLAS tth 13TeV 13 TeV total xsec oot (ttH) 1 [108]
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SMEFIT analysis of LHC top quark data
Marg. less constrained than ind.
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EFT and PDF



Events/40GeV

1905.05215 with S.
Carrazza, S. Iranipour, J.
Rojo and M. Ubiali

107"

Graviton, Vs =13 TeV, 3.2 fb™
Cut acceptance = 27.5%

ATLAS data
Background-only fit
ATLAS best-fit

Combined signal strength
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1905.05215 with S.
Carrazza, S. Iranipour, J.
Rojo and M. Ubiali
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Graviton, Vs =13 TeV, 3.2 fb™
Cut acceptance = 27.5%

ATLAS data
Background-only fit
ATLAS best-fit

-- Combined signal strength
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1.15

NNPDF3.1 DIS-only, Q =10 GeV

B, apa,.0) = 000,0) [SM] |

........ @, aua,.a)=(-0.3-1.8,-55)

............... (a, ag ay.a;) = (0,1.2,10,0)
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90%CL allowed region

\

DIS (this work, prefit, marg.) i
Low energy (marg.) i
S - === DIS (this work, prefit, ind.) 4
- === | ow energy (ind.)

- === LEP dijet (ind.)

- === DIS (this work, postfit, ind.)
- === LEP dijet+DIS (postfit, ind.)

-10 -
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Summary



C. Degrande



- EFT provide guidance (which observable)

- Check the validity of the single EFT assumption
- EFT is multi-channel/observable : correlation

- Global fit with a large number of parameters

» Distinguish PDF and EFT
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Thank you
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