-rooing [TMIDs with groomed jets

Yiannis Makris

pal

» Los Alamos

NATIONAL LABORATORY
EST.1943

Dijet decorrelation (lepton colliders)/ jet-lepton decorrelation (DIS)

(In progress: YM, D. G-Reyes, I. Scimemi, V. Vaidya, and L. Zoppi)
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TMDs with Jets

Proposed observables:

- TMDRJF (measurement along the jet axis)
arXiv:1610.06508 (R. Bain, YM, T. Mehen)

- JTIMDFF (measurements along the winner-take-all axis)

arXiv:1612.04817 (D. Nelll, I. Scimemi, W. J. Waalewijn)
arXiv:1810.12915 (D. Nelll, A. Papaefstathiou, W. J. Waalewijn, L. Zoppi)
- sITMDRJF (semi-inclusive)
arXiv:1705.08443 (/-B. Kang, X. Liu, F. Ringer, H. Xing)
arXiv:1707.00913 (Z-B. Kang, A. Prokudin, F. Ringer, F. Yuan)
- gTMDRJF (groomed jets)
arXiv:1712.07653 (YM, D. Neill, and V. Vaidya)
arXiv:1807.09805 (YM and V. Vaidya)
- TMDJF
arXiv:1807.07573 (D. Gutierrez-Reyes, |. Scimemi, W. J. Waalewin, L. Zoppi)
arXiv:1812.07549 (M. G.A. Buffing, Z-B. Kang, K. Lee, X. Liu

in-jet fragmentation
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Y

s with Jets

Measured observables:

Belle preliminary (arXiv:

1902.01552)
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TMDs with Jets

Drell-Yan:

do(b) ~ Sy (b; 1, v) X By, (b p,v) X B, (b 1, v)

TMDPDFS:  Fin (b v) = \/ S5 (bs 1, v) x B, (b )

Three dmensional momentum
distribution of partons inside the proton.

SIDIS:

do(b) ~ Sy (b; p1,v) x Bijp,, (b p,v) X Dy, (b5 1, v)

see talk by: Yong Zhao
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TMDs with Jets

Drell-Yan:

do(b) & Sy (b; 1, v) % By, (b p,v) X B, (b 1, v)

TMDPDFS:  Fin (b v) = \/ S5 (bs 1, v) x B, (b )

Three dmensional momentum
distribution of partons inside the proton.

SIDIS:

do(b) ~¢ Sy (b; p1,v) X Bijp,, (b p,v) X Diyp, (b5 1, v)
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Non-perturbative effects: what is universal”

TMD-FF:

TMD-JF: JZ Ih (b M )
(narrow [R<<1] jet, N
groomed jet,

WTA analysis)

1, in-jet 5
in-jet TMD-FF: Dz/én I (zp, b, M) =
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Non-perturbative effects: what is universal”

TMD-FF:

TMD-JF:

(narrow [R<<1] jet,
groomed |et,

N o .
= . S - N g
‘\_~ e g e - R — i

WTA analysis) New unknown function that need
to be extracted from experiment...” %,

B e
A

N
n-et TMD-FF: D /Zn Je
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N this talk

- Groomed Jets: soft-drop

- Dijet de-correlation in e+e-

Hadronization effects - Pythia simulations
g-Jet mass cutoff

Modes, factorization, and resummation
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Grooming algorithm: soft-drop

C/USZL ,
GF/DQ a/QOr/'gL 1
n

> Jet (R

—>

- The algorithnm is imposed only on the jet constituents
- Record clustering history in each step

- Particles closer in angle get clustered first

For details on soft-drop see: arXiv:1402.2657 A. J. Larkoski, S. Marzani, G. Soyez, and J. Thaler
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Grooming algorithm: soft-drop

"Declustering” with the

D@C/ reverse order:

? .
miny F;, B
L» E{+ ol i) N Zcut In this talk: 8 =0
True False w

Stop. Remaining particles  Drop the softer of the two
consist groomed et branchings
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Dijet de-correlation (work in progress)

jet + jet

jet + hadron (out) Q> Qzeyt >q1, R~1

nG1
4— ..................................................................................................................................................................................................
-
~ Pao
q, — ——
<9

2q1 2B,
0 = — 2 =
Q) Q
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Simulations (Pythia 8)
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Groomed Jet Axis (GJA) - Hadronization Effects

R=1., Q=100 GeV R =05, Q=100 GeV

8 } "i ----- - HadTOHiC |

— Partonic

Standard

000 005 010 015 020 025 0.00 0.05 010 015 0.20/ 0.25

2CIT/Q

4 zewt = 0.1+ Small hadronization
3 effects
(Up to normalization)

Smaller jet radius does
NOT fix the problem

(Groomed

0.00 0.05 0.10 0.15 0.20
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Groomed Jet Axis (GJA) - Hadronization Effects

R=1. () =100 GeV R=1. Q) =20 GeV
2 4.0 ¢
= 3.5
%’ 3.0
A, 25
E 20,
= 1.5
S 1.0
?é i 0.5
= 000 0.05 010 015 020 0.25 0.00 0.05 040 0415 0.20 0.25
2qr/Q 2q7/Q

— Standard Jet Axis (SJA)
— Groomed Jet Axis (GJA) [zews = 0.2, ey = 0.01]
Winner-Take-All (WTA)
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The jet mass cutoff
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The jet mass cutoff

Improve our opbservable by Imposing groomed jet mass cutoff. This will
eliminate hard splittings which could induce boundary effects.
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The jet mass cutoff

Improve our opbservable by Imposing groomed jet mass cutoff. This will
eliminate hard splittings which could induce boundary effects.

N 0 <1
.:‘ .........................................................................................................................................................................................................
2
T
Q—C;:e<ecut<<1
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Modes-Factorization-Resummation
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—qctorzation

Q > Qzeut > q1L ~ Qv/Ccut (Qelectyon-positron annihilation |
jet + et TMD jet function
do

Q27 = Héj (Q; 1) X Sy (1, v) @ Ti(€cut, @, Zeut; i, V) @ jf(ecut, Q, Zeut; 4, V)

p Universal soft function
—® same for Drell-Yan

jet + hadron (out):

do
d*qL

= Hy (Q; p) x S5 (s v) ® Ti-(€cuts @, Zeut; s V) @ D, (Q; i, V)
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TMD Jet tunction re-factorization

%L(ecuthazcut;Ma V) — / de \7j_L(€7Qazcut;,u7 l/) q1L ~ Q\/E/QJ_ > Q\/E
0

------------------------------------------------------------------------------------------------------------------------------------------------------------------
.....

soft-collinear: p*, ~ Qzcut( A2, 1, Ase)s Ase = q1 /(Qzeut)
collinear: pH ~ Q(N2,1,\.), A\e = Ve

collinear-soft: pf. ~ chut()\gs,l,)\ s)s Aes = V €/ Zeut

-
.....
----------------------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\4 4
.

B .

.

. .
. .
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

21 SCET 2019 - UCSD Mar. 26 2019



TMD Jet tunction re-factorization

€cut
%L(ecutaQazcut;ua V) — / d6 \7j_L(67szcut;,u7 V) ql ~ Q\/E/QJ_ =>> Q\/E
0
soft-collinear: p*, ~ Qzcut (A2, 1, Ase)s Ase = q1 /(Qzeut)

collinear: pH ~ Q(N2,1,\.), A\e = Ve

collinear-soft: pf. ~ chut()\gs,l,)\ s)s Aes = V €/ Zeut

-
'''''
----------------------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\4 4
.

B .

.

. .
. .
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- The e_cut dependence can only change the normalization of the TMD spectrum
and the change can be predicted analytically.

- No jet radius dependence
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Jet radius dependence

Direction of the groomed jet axis insensitive to jet Radius (for R ~ 1):

In contrast to the SJA where the shift is greater as we approach the
large R” Imit,

]
p—

Zcut — 02, Ccut — 001, Q = 50 GeV

R

| R=11 ——
i Q>>chutNQJ_ :
: | | R=1.2
2_‘ 7,
1/ R=14 ——
3 Q> Qzew > qu . R=15 —
O_
0.00 0.05 0.10 0.15 0.20 0.25 0.30
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1TNVD evolution

Rapidity divergences in global soft and soft-collinear using:
J.-Y. Chiu, A. Jain, D. Neill and |. Z. Rothstein arXiv:1202.0814

b by C \/SJ_ /Lays chuta,uaysc) Vg = \/Z Vse = chut
2 d | 1 aal
u d_u?F (b3 11, C) = Syr (s, OF (b 1, 6)

¢ CF% u,¢) = =D(u) F+(b; u, €)

One loop results:

P ) = 14 0 Lo (B2 Y1y ($) om (K2) T4 o))
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“erturpative @NLL vs Pythia Had. OFF

Cy Consistency check (effect of power corrections) against
ulba) = 7= Pythia simulations.
b, = b NLL cross section in good agreement with partonic shower
2
VI /o) of MC.
s \ Zeut = 0.2 GV, binax = 2.5 GeV ™" -
= | | =
S | 3
| 4f |
< S
5 | 5
s :
0__ ||||||||||||||||||||||||||
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Perturbative @NLL scale variation

Theoretical uncertainties estimated by varying canonical scales by factor 1/2 and 2.

Envelope of virtuality added in quadrature with envelope from rapidity variation.

Can we do better?

= 100 GeV)

do /oo(Q

0157 Zeut = 0.2, bpax = 1.5 GeV ™1,
go = 01, Cecut — 0.01
0.10r
NLL
0.05r
0.000

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

2q7/Q

= 50 GeV)

do /oo (Q

0.25F
0.20F
0.15F
0.10F
0.05F

0.00F

20
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Resummation in b-space @ NNLL

, d 1

v PFL([DMIL?C) — _fYF(/“%C)FJ_(b? M, C) )
H 2

- YWeonly need to figure the non-cusp part.
B | Jse consistency of factorization

YF (,uy C — chut) — VS (:LL)
N(2)LL from arXiv:1603.09338

d -~ .
C@FL(b; 1, ¢) = —D(u) F+(b; 1, €)

Universal
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Scale variation: NNLL vs NLL

For jet energies < 25 GeV, the theoretical uncertainty is relatively large for NNLL.,

VWWork in progress:
- Implement other resummation schemes, e.g. zeta-prescription.
- Cross section for DIS.

0'15__ Zeut = 0.2, bpax = 1.5 GeV™L, ] 0.25F
= go = 0.1, ey = 0.01 ' j
?‘5 | % 0.20[

0.10F @)
= | - NNLL o !
— LO 0.15_‘

|

(N VA _ NLL Q;
& M J = 0.10f
S 0050 | S i
> [/ D |
S = 0.05f |

OOO_ |||||||| O.OO_

000 005 010 015 020 025 030  0.35 000 005 010 015 020 025 030  0.35
2qr/Q 2qr/Q

28  SCET 2019 - UCSD Mar. 26 2019



Non-perturpative effects: rapidity AD

g2 (bmax)b2

——

Non-perturbative model for
rapidity anomalous dimension

1
D — D+ gK(ba bmax) gK(ba bmax) — 5

050 7N Q=100 GeV, buux = 2.5 Ge\;y/
WA AT
&.\ /1—-4\ 0.4r — (o = 0
) o :
|L |L 03_ ————— g2 — 005
= 5
N N —_— —
?%/ %’ 0.2 9> = 0.1
‘Z ‘Z ----- - (o = 02
0.1
oop o T/
0.00 0.05 0.10 0.15 0.20 0.25
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summary

Groomed jet axis much more stable during hadronization, independent of jet
radius (R ~ 1) or jet algorithms. Factorization involves universal soft function.

Additional measurement needs to be iImposed to avoid boundary effects
(Not necessary for Winner-Take-All, see arXiv:1807.07/573).

All ingredients for NNLL resummation are available.

In progress: Groomed jets in DIS give access to TMDPDES with minimum
additional input,

N progress: zeta-prescription using the arliMiDe package.

We need to understand non-perturoative effects.
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Additional slides
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Groomed Jet Axis (GJA) - Hadronization Effects

SJA

GJA

R=01, Q=100 GeV R=05 Q=100 GeV R=1. Q=100 GeV
25 o 50 8 !"“ ..... - Hadronic |
20 al N |
15 : ? — Partonic

r 3; 4;

1.0;*. 2, I
05 i 27
ooi ] oé' 077 “““““““““““““

000 005 010 015 020 025 0.00 0.05 010 015 020 025 000 005 010 015 0.20 0.25

IH(QR/QJ_)

25 .

2.0 ¥
15
10,
05

0.0 g , ;
0.00 005 010 015 020 025 0.00 005 010 015 020 0.25 0.00 005 010 0.15 0.20 0.25

2C]T/Q 2C]T/Q 2CJT/Q

In(QR/q.) . 10(Q2eut /41) ———
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Groomed Jet Axis (GJA) - Hadronization Effects

R=0.1, Q=50CeV

25+
20
15

1.0

Standard

05

00" f
0.00 0.05 010 015 020 025

2q7/Q

(Groomed

0.00 0.05 010 0.15 0.20 0.25

2C]T/Q
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The jet mass cutoff

~ 80% of the cross section is captured with e_cut < 0.01

LOF- L0 e
""""""""""""""" : Q) = 50 GeV
0.8_‘ """""" 0.8_‘
__06] __06[
Lt E L
5 - . ) i :
04k [ T, - Hadronic o4r: M [i  e=ee- - Hadronic
L , L .
- / . .
! K —— Partonic ! —— Partonic
0.2_‘ ! 7 0.2 i 7
: —— Groomed [z, = 0.2] | ' —— Groomed [z, = 0.2] |
0.0 __| : | | | | L 0.0 __| : | | | | L
0.00 0.01 0.02 0.03 0.04 0.05 0.00 0.01 0.02 0.03 0.04 0.05
: e=m’/Q° e=m’/Q*
Ccut Ccut
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