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A new heavy resonance?

In case of a new heavy resonance. How would we describe it?

10° e

ATLAS Preliminary

* Data
10°
—— Background-only fit

Events / 40 GeV

Vs=13TeV, 321"

AL R R B B
connd ol 1 vd 3ol

]
T

0

-5

-1
-15E

(3]
L L W e R

Data - fitted background

PO CTIR TIT YT TTiTTra i o

. 400 600 800 1000 1200 1400 1600
[llustrative purposex m,, [GeV]

Bianka Mecaj (JG SCETpgsp for Scalar Leptoquarks March 27, 2019 2/25



What's next?

In case of a new heavy resonance. How would we describe it?

use 'some Kind" of EFT

Lef = ZZ ,,,(/\,u On,i(M, p, v)

n>1 i
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In case of a new heavy resonance. How would we describe it?

use 'some Kind' of EFT

eff = ZZ nl(/\ ,U n,i(MnUJv V)

n>1 i

o Separate scales = logs of large ratios : af Iog2”(¥)
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In case of a new heavy resonance. How would we describe it?

use 'some Kind" of EFT

Ler=)_> Cn,/(\/:,,u) On,i(M, p, v)

- —_———
n>1 i A=Kk

e Separate scales = logs of large ratios : af Iogz”(¥)

o A tower of infinite number of effective operators for M ~ A
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In case of a new heavy resonance. How would we describe it?
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SCET as the EFT

Bauer, Fleming, Pirjol, Stewart 2001;
Bauer, Pirjol, Stewart 2002;
Beneke, Chapovsky, Diehl, Feldmann 2002;

————— #  Run the scale to resum the logs

H%OSCET =I(a, M, 1)Oscer
Oscer
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SCET ingredien

Describe the interaction of collinear particles emitted in n;
directions: collinear - soft interactions

pr="n-p% +n-ph+pl
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SCET ingredien

Describe the interaction of collinear particles emitted in n;
directions: collinear - soft interactions
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SCET ingredients

Describe the interaction of collinear particles emitted in n;
directions: collinear - soft interactions

@ Each field has a corresponding scaling with A at leading order
Ve~ A

G~ A
AL\

nj,

ni - Ap, ~ A2

— X is the power counting for leading and suppressed operators

Bianka Mecaj (JGU) SCETpgs) for Scalar Leptoquarks March 27, 2019 9/25



SCET ingredients

Describe the interaction of collinear particles emitted in n;
directions: collinear - soft interactions

o Fields are described by gauge invariant building blocks

V,.(x) = i (Pexp

f
) o

/

0 k
g(k) / dsnj - G,(7,. )(x + sn;)

Wilson line
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SCET ingredients

Describe the interaction of collinear particles emitted in n;
directions: collinear - soft interactions

o Fields are described by gauge invariant building blocks

lﬁ ’f: (k) 0 - (k) -
v, (x) = P exp Zg dsnj - Gp,’(x + sn;)

k —0o0

T
) o

Wilson line
P, (x) = W) (x)d(x), Do — (0,v) "
A = W [ WP ()]
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Application to a scalar singlet

[S.Alte, M.Kénig,M. Neubert; arXiv:1806.01278 & 1902.04593]

L = M Cyo(Ms, M, ) Og(p)+M Y [CAA(M&M,#) Oaa(p)+Caa(Ms, M, ) 5AA(#)]

A=G,W,B

with:
O¢¢ =5 ((I)jn q)"2 + @Lz (I)”l)

O = S g, At A%
Oua = Scl, ALapse

Matched into a UV complete model of a heavy vector-like quark:

2
Lov = Lem + = (a 5)(8S) — MS 5% — % S3 -T M g4

+ \TJ('LLD - M)¥ — (\Pd)GuuH + ‘i’qﬁ Gudgp + h.c.)
—miS¢l6 - T 5T
- S¥(X —insX)¥ - S (¥ VyQr +hec.)
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Application to a scalar singlet

Matching yields non-trivial Wilson coefficients.
Example: Production of diboson final state:

CAA—dA Tr(X) {45692(@—1] +ﬁ%

~ d -
Can= 5 Te(X)g*(©); &=M3/M?
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Application to a scalar singlet

Matching yields non-trivial Wilson coefficients.
Example: Production of diboson final state:

G = ‘ff TH(X)g*(©); €= MM

A resummation of an infinite tower of operators in EFT!

& - (k) ( ME\*
AA_— )ZkI‘ +k AM?
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Leptoquark application-motivation from B-anomalies

Effective Lagrangian at O()\?) for the 5;(3,1, —%)

)\2
E(SC%T = CRO% + C5.06, + h.c,

with the gauge invariant operators:
R -
Oul = ulc?,nlgR,nz(bT + (nl A n2)

L _ -c A\C,a b *
OQL =Urn L7n1€a,bLL,ng¢1

—_— — — — —
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Leptoquark application

Effective Lagrangian at O()\?) for the 5;(3,1, —%)

)\2
E(SC%T = CRO% + C5.06, + h.c,

with the gauge invariant operators:
O = Uk LRom @5 + (M1 + n2)
OQu =Ty QL €06 L1 01
Adding a light right handed neutrino:
Eg/\cz%T = ClO + Co0qL + Ca,, 0, + h.c.
OF, = df mVRm®t + +(m < m)

Its interactions with SM and a v at leading order are described by
only 3 Wilson Coefficients.
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Effective £ at O(A\3) for the S;

Two jet Lagrangian

LR R
cgﬁgT_A Z/ du {cl)L 00y + ¢ 0V + ¢ 00 ]
_/ 1,2

LR
K © 00+ —c(o) TOOF 4 he
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Effective £ at O(A\3) for the S;

Two jet Lagrangian

)

LR LR R
SCET = /\ Z / du |:C1 )L (’)(J) 14+ C(/) O(J) C(J) O(J)
j=1,2
LR
+ _Cl(O)Ld O(O)l[ —C(O) O(O)Q + h.c
A A
LR
o0 )Ld = Lm(I> dr n2¢1 (n <> ny)
LR
o )Qu = Qum VR n, 1 + (N1 <> )
LR
OO) Ld = Ln1H dr n2¢1 + (”1 — n2)
LR -
O(J)Qu = QLm HnjVR,n2¢1 + (m < m)
R —_
O(J)dy = dR,n1$iVR,n2¢l + (n]_ <~ n2)
Bianka Mecaj (JGU)
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Effective £ at O(A\3) for the S;

@ Similarly can build a Lagrangian with 3-jet operators

The £ at O(\?) breaks the fermion number while the O(\3) conserves the
fermion number. Therefore no mixing between O()\2) and O(\3)

\4

operators = decay rates from £**°) are (K)2 suppressed. 3 — jet
(3%

operators L further suppressed due to the phase space.
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Decay rates at )

The logs need to be resummed to get reliable prediction in
perturbation theory.

. M,
M6 — Tuuf) = Nego 2|l

d 3 1 N I .
ﬂ?ﬂcﬂ = |:<_CF'Y£ulp - §'Y£ulp> In W - g"/gulp ln(@ - ’77) + ’Y¢1 + "YZR +’YL’R CL’,?[

(1 — QrLR) = Nf

Mgy | 1 12
307 Cetl

d 3 1 I 3 1 1 M2 X
'udip, C(%L = |:<_CF’Y£Ulp + §’Y£ulp> In Midn + _E"/Eulp - §'Y£ulp (In @ —im) + 'Y(bl + 'YL + 'YQ CCL)L

_ M,
M(61 = dfm) = Ne 3, |
uin = [<7Cp'y (as) — 1’y (a1)> In-# + 4% +’yd’?} Cf
- cus, S cus|
d“ v P 9 P M¢1 v
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Decay rates at )

The logs need to be resummed to get reliable prediction in
perturbation theory.

M(¢1 — uf) = 3201 P
el = | (el — 3ol ) n ol — ool +im) 4% 415 4% €
dp 9 My, 3 M2,
M(p1 — QELR) = N,
d | _ ©) 1 Iz 3. 1 " L
”‘TﬂCQL = <CF’YCUSP 97cusp> In Moy + <_Z’Ycusp 7 cu5p> (|n ? +im)+ %+t +49| C,

M(¢1 — dive) =

d 1 4
MTH C§y = |:<CF7<:usp(as) - §'Ycusp((11)> In M/i@ + 7¢1 + Vd’?:| Cfl,

Next: Solve the RGE to resum the logs.
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Effective Lagrangian for a scalar triplet S3(3, 3, —%)

)\2
Léedr = CauOGu + hc

where: Oé,L = QﬁnlLL,nqu}'; + (1 < m)

A3 1 LR RL )R Nat
cgchzxz [ /0 duCP g 00 + OOV 4 PN o0

)LR )RL )RL

9% %C(O 0O + hc.
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(%)
ESCET =

A

iy

j=1,2

0)LR LR 0)RL RL
C§ ) @(o) AC( ) O(O)dL 1 he

[/ dut” OU)LR C() O(J)dL+C3(J)d WO

R
dvw

Bianka Mecaj (JGU)

LR -
O(O)Qll = QL,H1¢3¢OVR7n2 + (nl < n2)
ALR - u
O(J)Ql/ = QL,n1¢3Hr(1j)VR,n2 + (nl < n2)
RL -
O(O) = dr n1¢07a€a,b¢3L52 + (n < m)
RL - a(u)

oYy =dr mH 6a,b¢3/-52 + (n < )

O(j)du = dR,n1¢3an7uVR,n2 + (nl H n2)
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Conclusion

o SCET offers a consistent way to describe the decay of heavy particles
into SM particles

@ Deal with a finite number of operators to describe the decay of the
heavy particle

@ The presence of multi scales makes it possible to sum the large
logarithmic contributions
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Thank you!
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