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TMD factorization and resummation

Drell-Yan processes: (Z, W, Higgs, VV, ...)
e the all order structure is first understood by CSS at 1985

e« computer codes: CUTE, DYRES/DYTurbo, MATRIX, NangaParbat, RADISH,
RESBOS, reSolve, SCETIib ......

e NS3LL for single-boson processes (CUTE, RADISH, SCETIib,...)

 event-based automated framework (see Becher’s talk); threshold and TMD joint
resummatoin (see Hautmann’s talk)

Massive colored particles production: (ttbar, ...)

e Soft radiations from final states (i, Li, DYS, Yang, Zhu ’12 & Catani, Grazinni & Sargsyan ’18)
Jet processes: (jet substructures, jet distributions, ...)

o Jet pull (see Wu’s talk); Jet shape (see Waalewijn’s talk)!

e transverse momentum distribution of jets with the beam axis (this talk)
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Transverse momentum
balance measurement

bal

Pt = |ﬁT(Z) _|_Zjets ﬁT(Jz)|

This observable can be used for jet
calibration at pp & energy loss
study at PbPb

In the small ptPal region, one needs all-
order results ( log(ptPa/Q) resummation )

The predictions from different event
generators are not consistent !!!
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Jet TMDs and non-global logs

e Non-global logs in jet TMD resummation (Banfi, Dasgupta & Delenda ’08)

qT = ‘ Z ET,z‘

i€ jets

+ 0 (k7)

e sum over all soft partons not combined with hard jets

e deviation from q7=0 are only caused by particle flow outside the jet regions

 non-global observables (pasgupta & salam '01)

e E.g. narrow jet broadening resummation (Becher, Rahn & DYS '17)
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Previous works on the transverse momentum resummation for
jet processes

e CSS framework (NLL, log(qT/Q) w.o. non-global logs; partial log(R)
resumed)
o dijet "#$%&!'S(%!)I'S(Yol*+,1)I*+-.
o jet + V "#$%&!'$(%!)!'$(%!*+/0!123%&!45%8&!6(%7 &!635&!85(9&!:2(%7!1*+/.
o |epton + jet (two-loop NGLS) ":5$&!'$(%!)!I<3=5>11*+72.
® jet + top "1(9&!1#$%0&! (Y& 'B(%6!)'S(Yol*+/1)1*+7.

e SCET framework
e photon + jet (NLL, log(gT/Q) & log(R); coft modes; w.o. non-global
logs) "@$A%7&IB(%7&!;33N;5$!1*+/.



Jet radius and qr joint resummation for boson-jet correlation
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 Multi-Wilson-Line operators describe radiations along the jet direction for
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Jet radius and qr joint resummation for boson-jet correlation
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RG evolution and resummation

Resummation formula:
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RG evolution and resummation

Resummation formula:
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RG evolution and resummation

e Resummation formula: Logs from di ! erent scales
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LHCI13TeV, pi. > 200 GeV, |ny| < 2.4
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LHC13TeV, pf. > 200 GeV, |ny| < 2.4
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e Resummation is “consistent” with pythia (discrepancy in normalization)

e At NLL theoretical uncertainties mainly come from scale variations

e Non-perturbative corrections mainly comes from MPI contributions



Numerical results

LHCI3TeV, pr > 30 GV, R =04, |n;] <2.4 LHCTTeV, pi > 50 GeV, R=0.5, |ns| <25
k — COMS A 5+ £ NLL (correlated)
8_ -
E
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e NLL resummation is consistent with the LHC data (qr & AD)
e (¢ distribution can be a clean probe of "#3$%&'(")%*+,'%-")%M19==5%Y1)!45%$!*DZ&
LO73HY NI [$=N3HY!*+D&!'WW.

e NLL result has 20-30% scale uncertainties. Higher-order resummation is necessary
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NLL'(LR’) resummation of the jet mass

Balsiger, Becher & DYS (JHEP04(2019)020)
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Factorization in SCET

(Becher, Neubert, Rothen & DYS ’15)

Energy flow outside jet (single log observable) Qo

! ) // Q
A # ! — T
" (Q Q0= Hu((n},QW! Su({n} Qo =

m=k

/)
(0} — {n1.m0. 48800 7// Qo! Q

Soft function:

Sm({n},Qo, 1) = z: (01S{(N1) ... Sp(nNm) IXs)(Xs| S1(N1) ... Sm(Nm) |0) ! (Qo — E out)
Xs
Hard function: integrating over the energies of the hard particles, while keeping
their direction fixed

) #$ %,
Ei #% Y(Bot)" in $E i

g EO 3 (e
Hin(h QW = 505 T [ orydrz M mPDIM m({phI@ )% Q¥

spinsi=1 i=1

| indicates integration over the direction of the energetic partons
laa't taking the color trace
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A brief review of the leading log resummation

*

#-(Q,Qo) = )H 2({n1,n2},Q,kn) $ Uom({n}, Hs, pn) $ 1

outside jet: 5

Ho(t) = Ho(0)e?

b e Te

Hj(t) = | dt!Hz (t!) Rze(t" t')Vs
0

:
/.
fi%’ MC time
A

p-s! QO

|

start at t =n@h initial event E = amng,wejght W
iIncrease ! taccordingto Vg exp(! Vgt)

choose a dipole {n;, n)yith probability Vij /Ve

generate a new vector, if tCs inside the jet add it to the event, and return

step 2. Otherwise, stop and go to step 1
13



LL’(LR') resummaton
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Soft corrections

One-loop soft function corrections:

df) Ay [ dS2
Z (Hun(t) @ 8Y)) = <H2(t)5§1) +/4—7T1’H3 / 1/ 2241,(H)SWY + . )
Definition:
%s g(1) — g2 dk Ok ning g . .
ESm ({ﬂ}aQ()v — —gs W (z; 1—11, L~ 1} R 27_‘_ d_ 1 )n% . knj y Out(nk) (QO — k)
1]
N, .
Tir-T5r — Ty 04,51 c.m. frame of parent dipole (n;, nj)

o d¢ el 2|Sln¢| lab (~ 7
({n} QO :u Z 5Z]i1/dy/ |: 41Il QO +41n fz](¢, ) @out(y7¢)

1,7=1
weight factor
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Soft corrections

One-loop soft function corrections:

Z <'Hm(t)®8(1 ) = (Ha(t) 8(1) +/dQ1 1) /dSh/ dQQ S(l) £

start at t = O with initial event £ = {n1,n2} and weight w =1

increase ! ¢ according to Ve exp(! Vet)

choose a dipole { i, ;} with probability Vi /Ve

generate a new vector, if it’s inside the jet, add it to the event, and return step

2. Otherwise, add the weight factor at time t, go to step 1

o d¢ el 2|Sln¢| lab (~ 7
({n} QO :u Z 5Z]i1/dy/ |: 41n QO +41n fz3(¢, ) @out(ya¢)

1,7=1
weight factor
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Hard corrections

. . . . o s 7
Virtual corrections to #2 give trivial refactors H:(Q* n) =1+ 2Cr |81’ % - mn% 16+ 57

Z <%2({n17 77,2}, Qa :uh) ® UQm({@}7 s :UJh) ® ]-> — JOHZ(Qv :UJh)<U2m({ﬂ}7 Ms, /~Lh) ® 1>

m=2
i H H
. . . . 1 logv .
Hs is a distribution of two angles: H; !(u),!(v), S o, aa
+ +
q(p2)
q(p1) ) A~ 02 A~ 03
) - 02 = tan 5 = uv 03 = tan 5 - v non —logarithmic part

9(ps3)

1 . 1

1 "
du  dviHY (U,v,Qun)  Usm ({N}, Hs, tn) O 1¢
0 0

Slicing method:

Ly ~

/01 dv F] +§3(v) — /01 dv [gg(’v) - §2] = /U 783(7}) + Inwvy Sz + O(vp)
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LL'(LR’) + LO resummation

"@(=YS573H&!I@3G23H&!IC'H#&*+?

R(Qo)

QO (GGV)

e We match LL’ to LO and use a profile function to switch off resummation
 No Exp. data
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NLL'(LR’) resummation for the jet mass

"@(=Y573H&! @3G23H&IC'H&*+?

50 g _
| PYTHIA (hadtonic) |
40 j
N T PYTHIA (partonic)
30"
1 do i |
odp L — NLL'+LO |
2! — NLL
1oh
N 7 R S N S S
0.00 0.01 002 003 004 005 0.06 0.00 0.0l 002 003 004 005 0.06
p=M3/Q p

* Peak at p ~ 0.006 corresponds to us ~ 0.5GeV, Non-perturbative effects are
important and shift the peak

e Partonic PYTHIA is close to NLL'+LO
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Conclusions

e Jetradius and gr joint resummation for boson-jet correlation
¢ including NGLs resummation
e small N.P. corrections, perturbative predictions are reliable

e the winner-take-all axis? glauber modes? factorization violation
effects?

e First results for non-global observables which go beyond the (N)LL
(LR) accuracy

e full one-loop corrections to matching coefficients
e implemented in Monte-Carlo framework

e higher order corrections improve results significantly
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Thank you!
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