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Framework and models

Particles and motivation
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Framework and models

Particles and motivation

Motivations
o . Focus on new particles

@ Precision era of LHC: also

th tical predicti ! . .
eore Ic_a Fhea Field Representation Name

@ Vector-Like-Leptons:

arise in composite or it (1 2)_1/2 VLLO

"4321" models ~0

(2208.09700) N (L, 1)o VLNO
o Type-lll seesaw EO° (1,1) , VLEO

(1711.02180): generation B i

of v masses via SU(2), b (1,3)o Sigw

triplet

Accurate, precise and kinematically correct predictions — higher orders
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Framework and models

Our work

Public UFO models in the FEYNRULES repository
@ So far LO + PS available — with this work: NLO

o MADGRAPH5 AMC@NLO (and PYTHIA8) automatically
generates NLO (+ PS): try yourself !
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v/ Z v /Z 4

QI
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Increasing theoretical precision: resummation

@ Reducing scale dependance when going to higher order

e Going further by resumming at N* Large Logarithm accuracy
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Framework and models

About soft gluon threshold resummation

o Factorization theorem:
Soft scale vs. Hard scale

e Large logarithms arising

from soft gluon emissions
2

e Threshold: z= — —1
s

ez—>1+ N—ooin
Mellin space, need to
resum log(1l — z) or
log(N) terms
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Framework and models

Threshold resummation for Drell-Yan like processes

o Only massless initial states quarks emitting gluons
— apply to all similar processes: Drell-Yan like

o Universal soft part known up to N3LL

AN, M2, p7) = Bo.q5(M?, UZ, 1%)
NKLL NkLO
k+1 )
< e (g10a() NN + Y- 2 (13 ()
j=2
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Cross section results

NLO impact on total cross sections

Total cross section 1.50F i
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NLO+ NNLL total cross section
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Cross section results

Resummation improvement

NLO+ NNLL total cross section
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Cross section results

Parton shower for pr distribution

[fb/GeV]

do
dpr

Remarkable features

@ LO x 6(p7) not shown

o LO + PS drops too fast
compared to NLO

@ NLO + PS distored at

low-pr and captures
NLO at high-pt
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Conclusion and take away message

In conclusion

e NLO UFO models for VLL and Type-Ill seesaw

@ UFO embed the complete models — any NLO computation and
tunable models: any ideas or upcoming interesting searches ?

@ Higher orders: accuracy, precision and correct kinematics

NLO + PS now publicly available, ready to
use within MADGRAPHS  AMCQ@NLO.
Further improved by resummation with
NLO + NNLL/NLO K factor when available
Feel free to come back to us if needed.
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Conclusion and take away message

Thank you for your attention!
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Large logs

dUP1P2—> - §:| P1P2—>

For the qg — Z process at NLO:

Qs — — 1
dé qq%Z = dag (1 + oy [4CF|n2(N) — 4C¢In(N) In(m%/p2) + CC(]q)ﬁZD

Q2

N Mellin conjugate to z = T IN| = 400 +—z—1

Generic logarithms coming from real emissions of (collinear-)soft gluons
appear to all orders: can be
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Backup

Expansion of logarithms

Resumming and exponentiation of logarithms produces a new power
series in oL at large L = In(N): Leading-Logarithms (LL), NLL, N¥LL

a;"L" LO NLO N"LO

LL m=k=0 k=2 m+1<k<2m
NLL 1] m=k=11 .. m<k<2m-—1
NPLL 0 0 L m+l—p<k<2m—p
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Eikonal approximation

P F.-K

i(p,— k+m)

(pa — k)2 —m? +ie

Mo =My (—igsT°y")u(pa)e, (k)

—pH
Mo — Mpu(ps)gsT?—2—¢*(k
g hu(pa)e: pa.k+ie€”()

Effective Feynman rules for soft (k < p) gluon radiation and generators
depending of particle nature and if it's incomming/outgoing.
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A building

a —Pf; *
= /%Bornu(pa)gs-r — € (k)

€ Eikona pa.k + i€ ®
2Paon
d e d orn
7 XE,E,k2(1 — cos2(0)) B
Phase space factorization:
d¥ "k 27 _ 2k
dP, = T5(55 1+ 2)

(2m)9—12ky 5
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Backup

Regularization and resummation

When we add the virtual contribution in the same eikonal approximation
to regulate z — 1 divergences and integrate over phase space we get for
each massless leg:

1
dcos(0) s
1=2G [ d —
/ 2 1-2z /,1 1 —cos?(0) «
6>
In the collinear limit cos(§) ~ 1 — > and we can approximate

de?  dk?
2l

where k represents the momentum taken away by the gluon.

(1-2)2@? dk? o ()
/—C/dz 1> /g 2

We can extrapolate this for multiple emissions, decoupled for this LL
integral:
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General formalism

In a general way, we can write the factorized formula:

dojre o Tr(Hel 'sel M) ain,

j—...

@ H: “hard” matrix, high energy process part
@ S: “soft” matrix, low energy emissions and color structure

e [: soft anomalous dimension color matrix controlling the evolution
over RG of S
o A;: (colinear-)soft radiations from initial state massless partons

A,‘ — egl(as In(N)) In(N)4g2(cxs In(N))+...
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Matching

We can also expand d&":" to NLO in as and compare it to the usual
NLO cross section (obtained with MADGRAPHS AMC@NLO).

Fixed order e Resummed @ f. o.
dU|NL0 do.res.
Yalid anay o) Valid near threshold Double counting

threshold

Matching: doy,,, + do"™ — da"sf(‘) valid everywhere
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Expected behaviours

1 (do.res. dores
do®/dM? \ dM? dM?

o We expect the ratio 0

) iz
NLO/ M?KSy

Away from threshold the logarithmic terms are not important and
the behaviour is captured by the first orders of the expansion.

1 dO’NLO do'es:
dUO/sz( am? dM?

@ We expect also 0

) i
NLO/ M?—S,

In the threshold regime, the resummed expanded reproduces the
behaviour of original cross section.

To obtain a sensible cross section in all ranges we may consider the

H HR, res. __ _res.
combination: o, +0 Toro
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Some Feynman rules

= E- >
{E —iey# —iey#
iet tan(fy) tan(20,,) tan(6,,)
N N
E* N
—ieyt iey#

ﬁsin(@w) sin(26,,)
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g functions

BSye = %64 + 6—34@ — 8L + 8Ly,
5 - —1;91 . 64;42 . 36%33(22 . 45;;3@
2
L (13924 - 185;8(2 . 32343)

148 416(, 32
+Lq,<9 — 64l + 9@ 3<3>,

with Ly, = In M i . Lg =Inkk i and (n being the Riemann zeta function.
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Lagrangians

ma
me

Ly = Lsu + iZLDL — myNN — mgEE + lKI&N — m,q,lill‘/ + IEQE — mg
+ Z [hu': (&E’PL 4 /%‘R"PR)E +%\TJW‘@“PLW
V=E E
+- 8 0z (R{’PL + Ry PR)£ + H.c.}
2CW

+ [hmf’PLw n ﬁu‘:z;ﬁ’aw n %@ W (@”pL " K%PR)Z + H.c.} ,

v=N,N

(4)

PLrypertt = Lsm + Zin + (yz L, Er 4 2ys ®- {Zk TkLL} + H.c.) . (5)
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