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A new heavy resonance?

In case of a new heavy resonance. How would we describe it?
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What's next?

In case of a new heavy resonance. How would we describe it?
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What's next?

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

use 'some Kind' of EFT

Cni A>
Eeff — Z Z ’A(—nu)on,i(Maﬂvv)

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

use 'some Kind" of EFT

Cni A7
[:eff = Z Z MOn,l(]\fa K, /U)
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In case of a new heavy resonance. How would we describe it?

use 'some Kind" of EFT

Cni A7
[:eff = Z Z MOn,l(]\fa K, /U)

n>1 1

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

use 'some Kind" of EFT

Cni A7
[:eff = Z Z MOn,l(]\fa K, /U)

n>1 1

e 2n ¢ M
@ Separate scales = logs of large ratios : o log™ (")

@ 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;
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Beneke, Chapovsky, Diehl, Feldmann 2002;

e SCET is used to consistently describe the decay of heavy particles into
light and energetic particles.
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Bauer, Fleming, Pirjol, Stewart 2001;
Bauer, Pirjol, Stewart 2002;
Beneke, Chapovsky, Diehl, Feldmann 2002;

e SCET is used to consistently describe the decay of heavy particles into
light and energetic particles.

@ The expansion parameter is not a canonical dimension but an

expansion parameter A = ;7
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In case of a new heavy resonance. How would we describe it?

SCET as the EFT

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

e SCET is used to consistently describe the decay of heavy particles into
light and energetic particles.

@ The expansion parameter is not a canonical dimension but an
expansion parameter A = 7

@ Assign a field for each direction of momentum flow: (p™,p~,p.)
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SCET framework for particles charged under SM

Scenario: Consider a heavy (scalar) Leptoquark decaying into light and
energetic SM particles.
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SCET framework for particles charged under SM

Scenario: Consider a heavy (scalar) Leptoquark decaying into light and
energetic SM particles.

@ Describe it by means of non-local EFT = SCET
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SCET framework for particles charged under SM

Scenario: Consider a heavy (scalar) Leptoquark decaying into light and
energetic SM particles.

@ Describe it by means of non-local EFT = SCET build all the gauge
invariant (sub)leading order non-local operators, fields dressed up by

Wilson lines.
0.7 0 f
U, (z) = ZTZ (P exp iZg(k)/ dsn; - G,(l]j) (x + sn;) > P(x)
k —00
Wilson line
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SCET framework for particles charged under SM

Scenario: Consider a heavy (scalar) Leptoquark decaying into light and
energetic SM particles.

@ Describe it by means of non-local EFT = SCET build all the gauge
invariant (sub)leading order non-local operators, fields dressed up by

Wilson lines.
oh s 0 f
U, (z) = ZTZ <P exp iZg(k)/ dsn; - G,(l]j) (x + sn;) > P(x)
k —00
Wilson line

@ Non-singlet: has to account for its interactions with SM particles and
non-trivial renormalization of the heavy field.
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SCET framework for particles charged under SM

Scenario: Consider a heavy (scalar) Leptoquark decaying into light and
energetic SM particles.

@ Describe it by means of non-local EFT = SCET build all the gauge
invariant (sub)leading order non-local operators, fields dressed up by

Wilson lines.
7 0 f
U, (z) = ZTZ <P exp iZg(k)/ dsn; - ng) (x + sny) > P(x)
k —00
Wilson line

@ Non-singlet: has to account for its interactions with SM particles and
non-trivial renormalization of the heavy field.

e Construct an heavy field effective Lagrangian
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Heavy Scalar Effective Lagrangian

o Treat the heavy scalar momentum as: pg = Myv* + kY, where
vt = (1,0,0,0) and Ak ~ AQCD
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Heavy Scalar Effective Lagrangian

o Treat the heavy scalar momentum as: pg = Myv* + kY, where
vt = (1,0,0,0) and Ak ~ AQCD
o With wave function —L—e= M2 (z),

\/2M,
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Heavy Scalar Effective Lagrangian

o Treat the heavy scalar momentum as: pg = Myv* + kY, where
vt = (1,0,0,0) and Ak ~ AQCD
o With wave function —L—e= M2 (z),

\/2M,

{ 1
Lrspr = 50lv- Do+ s3p Dud(Di o)

C 1
ZS =1+ las*
2 e
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Application to Leptoquarks

Scalar Leptoquark Sy(3,1, —%)
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Application to Leptoquarks

Scalar Leptoquark Si(3,1, —%) +vg

3
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Application to Leptoquarks

Scalar Leptoquark S1(3,1,—3) +vg

Only three leading order operators:

2
LS s = CROE + C5,05, + CROR + hee
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Application to Leptoquarks

Scalar Leptoquark S1(3,1,—3) +vg

Only three leading order operators:

2
LS s = CROE + C5,05, + CROR + hee

R _
Out = Uk ny LR ST + (11 4 M2)

L ~C,a b
OQL = QL,nlembLL,nzST aF (n1 L 77,2)

OF = d%p,VRne ST + +(n1 ¢ ng)
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Application to Leptoquarks

Scalar Leptoquark S1(3,1,—3) +vg

Only three leading order operators:

2
LS s = CROE + C5,05, + CROR + hee

R —
Out = Uk ny LR ST + (11 4 M2)
L ~C,a b
OQL = QL,nlembLL,nzST + (n1 < 77,2)

OF = d%p,VRne ST + +(n1 ¢ ng)

o Effects of NP in three dimensionless Wilson coefficients.
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Application to Leptoquarks

Scalar Leptoquark S1(3,1, —3)+vg

OB, = s+ (5 )
OQL - QL n1 ea:bL%,nQSik + (nl <~ n2)

Odu = dR,n1 VRJTQST + +(n1 A 7’L2)
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Application to Leptoquarks

Scalar Leptoquark S1(3,1, —3)+vg

O ul — uR ’I’LleR,TLQSi( + (nl < n2)
OQL - QL n1 ea:bL%,nQSik =+ (nl A nQ)

Odu = dR,n1 VRJTQST + +(n1 A 7’L2)

@ 57 mixes right-left handed particles L
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Application to Leptoquarks

Scalar Leptoquark S1(3,1, —3)+vg

O ul — uR ’I’LleR,TLQSi( + (nl < n2)
OQL - QL n1 ea:bL%,nQSik =+ (nl A nQ)

Odu = dR,n1 VRJTQST + +(n1 A 7’L2)

@ 57 mixes right-left handed particles L

@ Fermion number violated at O()\?)
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1, —3) at sub-leading order

Operators for Sy (3,
Two jet operator-Lagrangian

R
(J)dy

L0

1 1 I
SCET = Z /0 du [Cy)Ld olt )LR C,(j) (’)(J)Llj " ij)dUO
j=1,2

1
+ Kc§°)Ld 0O KC{WQV(O(O)Q +he
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Operators for Si(3,

1, —3) at sub-leading order

Two jet operators

L *
OO = L, %R ., SF + (n1 ¢ ny)

LR =

O(O) = QL nl(I' VRnQSI a4 (nl — n2)
LR

ou; = L, H}! dpny, S5 + (n1 > np)
LR =

O() v = QL Hy VRny S1 4 (11 ¢ n2)

R _
09 g, = dppy Bry VR iy S1 + (n1 4 )
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Operators for S1(3,1, —3) at sub-leading order

Two jet operators conserve the fermion number = no mixing between

A
Eg()}ET and Egc)ET

OO — L, 8%p .St + (n1 ¢ na)
(’)(O)LR =Qr mCI‘ VRneS1 + (N1 ¢ n2)
oY >§§ = Loy HY ARy St + (n1 5 n2)
OVGr = Qo HY VRnaS1 + (1 ¢ )
0(3)51, = CZR,nlﬁi_jVR,ngsl + (n1 < ng)

Bianka Mecaj (JGU) SCET BSM for Leptoquarks June 20, 2019

11



Operators for S1(3,1, —3) at sub-leading order

Two jet operators conserve the fermion number = no mixing between
2 3
Eg‘ch and C(S)‘C)ET = decay rates suppressed by (%)2

OO — L, 8%p .St + (n1 ¢ na)
OO G = Q. 80, St + (m1 > 1)
0@25 = Loy HY ARy St + (n1 5 n2)
OVGr = Qo HY VRnaS1 + (1 ¢ )
O(J)Z/ = JR,mﬁTJ{j VRnyS1 + (N1 < na)
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Operators for S1(3,1, —3) at sub-leading order

Two jet operators conserve the fermion number = no mixing between
2 3
Eg‘ch and C(S)‘C)ET = decay rates suppressed by (%)2

OO — L, 8%p .St + (n1 ¢ na)
OO = Qg DV ey S1 + (1 ¢ o)
o@ff — Loy HY gy S5 + (n1 & na)
0Dy = Qo HY VRgS1 + (n1 4 1p)

R —
O(])dl/ = dR,nlﬁi_jVR,ngsl + (nl < n2)

3-jet operators further suppressed by the phase space!
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Scalar Leptoquark S5(3,3, —3)

Lagrangian at leading order:

2
‘CE9>\C’)LCT = C3éLO£2L + h.c

OéL = Qc’a ea’bLb S; + (n1 <~ ng)

L,y L,ns

+5 more operators at sub-leading order!
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+Energy

NP
- A
- M Run the scale to resum the logs
——————————— p
d
py Oscer = Oscer
Oscer "
— v

@ Anomalous dimensions from the renormalization of the operators
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+Energy

NP
- A
- M Run the scale to resum the logs
——————————— p
d
py Oscer = Oscer
Oscer "
— v

@ Anomalous dimensions from the renormalization of the operators
@ I's depend on the gauge coupling and on the scale
o For leptoquark interaction both QCD and EW interactions must
be included.
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+Energy

NP
- A
- M Run the scale to resum the logs
——————————— p
d
py Oscer = Oscer
Oscer "
— v

@ Anomalous dimensions from the renormalization of the operators
@ I's depend on the gauge coupling and on the scale
o For leptoquark interaction both QCD and EW interactions must
be included.

@ Numerically solve the above RGE to estimate the effects from the high
scale M-the mass of the leptoquark
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Leading order effects on the decay rates of the singlet S}

Assume an S7 with mass M ~ 5TeV.
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Leading order effects on the decay rates of the singlet S}

Assume an S7 with mass M ~ 5TeV.
lp
€l<

TR
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Leading order effects on the decay rates of the singlet S}

Assume an S7 with mass M ~ 5TeV.
lp
€l<

F(Sl_ﬁ%TR)resum Ict('m't)|2_|C’(1\451)|2 T

F(Sl%t%TR)fiz \C(mt)|2

~0.19
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Leading order effects on the decay rates of the singlet S}

Assume an S7 with mass M ~ 5TeV.

F(Sl_nf?{TR)resum Ict('m't)|2_|C’(1\451)|2
F(Sl%t%TR)fiz \C(mt)|2

~0.19
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Leading order effects on the decay rates of the singlet S}

Assume an S7 with mass M ~ 5TeV.

F(Slﬁt%TR)resum |C(m't)|2_|C(Z\451)|2 ~ 0.19 h
C(S1—=t%7R) fin [Clma)l? '
tr
S1<
F(Sl*)tiTL)resum |C(mt)|27|C(Msl)‘2 ~ 0 25 K
L(S1=t57L) fia |C(me)l? ‘
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Leading order effects on the decay rates of the singlet S}

Assume an S7 with mass M ~ 5TeV.

F(Slﬁt%TR)resum |C(m't)|2_|C(Z\451)|2 ~ 019

F(Sl%t%TR)fiz \C(mt)|2
157
Sl<
F(SI‘)tETL)resum |C(mt)|27|C(Msl)‘2 ~ 0 25 "
L(S1=t57L) fiw IC'(me)[? :
b4
Sy
VR
June 20, 2019 14
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Leading order effects on the decay rates of the singlet S}

Assume an S7 with mass M ~ 5TeV.

F(Sl_nf%TR)resum Ict('m't)|2_|C’(1\451)|2 ~ 0 19 B
T(S1=t47R) fic IC(m)]? ’
157
Sl(<
F(SI‘)tETL)resum |C(mt)|27|C(M51)‘2 ~ 0 25 "
L(S1—t57L) fia |C(me)? )
b4
S
F(Sl—w%”R)resum |C(mb)‘2_|C(Msl)|2 ~ O 92 o
T(S1=bR{VR) fin |C(my)[? ’
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Leading order effects on the decay rates of the triplet S3

2
Eg/\C’)L?T = C3éLOCgL + h.c

OéL = Qc,a Ea’bLb S; + (n1 — ng)

Lny L,na
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Assume an S3 with mass M ~ 5TeV.

2
Eg/\C’)L?T = C3éLOCgL + h.c

OéL = Qc,a Ea’bLb S; + (n1 — ng)

Lny L,na

Bianka Mecaj (JGU) SCET BSM for Leptoquarks June 20, 2019 15



Leading order effects on the decay rates of the triplet S3

Assume an S3 with mass M ~ 5TeV.

2
Eg/\C’)L?T = C3éLOCgL + h.c

OéL = Qc,a Ea’bLb S; + (n1 — ng)

Lny L,na

tr

T
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Leading order effects on the decay rates of the triplet S3

Assume an S3 with mass M ~ 5TeV.

2
Eg/\C’)L?T = C3éLOCgL + h.c

OéL = Qc,a Ea’bLb S; + (n1 — ng)

Lny L,no
tr

T

F(SB_)tiTL)resum |C(mt)|27|C(M51)I2
F(S3_>ti7'L)fi:v |C(mt)|2

~ 0.12
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Conclusion

o SCET offers a consistent way to describe the decay of heavy particles
into SM particles
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@ Deal with a finite number of operators to describe the decay of the
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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 = sum the large logarithmic
contributions and estimate possible NP effects
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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 = sum the large logarithmic
contributions and estimate possible NP effects

Thank youl
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