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Soft Drop, z4, and Rgq

® Use C/Ato obtain angular-ordered tree
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® SD criterium:
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Soft Drop, zy5, and Rq

® SD criterium:

0\ " —_—
4‘19_> Z > Zeut <_>
> R

Z

Stop

Zg — 2 of softer branch

Rg o 6’ between branches

Larkoski, Marzani, Soyez, Thaler '14

Larkoski, Marzani, Thaler ’15
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® Most direct measurement of the QCD splitting functions

® Measured at ATLAS, CMS, ALICE, STAR

® LL accuracy: Measurement probes color of parton initiating jet
® NLL accuracy: Probes color and spin

® Heavy ion - probes hard-collinear splittings in Quark-Gluon Plasma



Sudakov safety

® For 3 < 0, 24 isinfrared and collinear safe (IRC safe) \/

_ Larkoski, Marzani, Thaler ’15
® For 8 > 0, Z4 is IRC unsafe X

2g =0 2qg # 0
—

® What to do?

do A
1) Measure 24 and R, dR, Resummed
do
2) Resum R, hence —— (R, =0)=0
avoiding collinear configuration dR, \
3) Integrate out R, obtaining do
dzg R,



Jet production

Dasgupta, Dreyer, Salam, Soyez 14

® Collinear factorization Kaufmann, Mukherjee, Vogelsang '15

Kang, Ringer, Vitev ‘16
o a/
o b .
do
dpr dndz,

jet
Ge

=fo ® [,® HS, ® G 14+ O(R?)]

Cal, Ringer, Waalewijn 19
® Schematically: QJet Zg E ch(gd Zgj

/ Sensitive to

talks to hard function measurement
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® LL accuracy: e First computed by Larkoski, Marzani, Thaler 15’
® Dominated by one soft-collinear emission

200, C; dz db
0 Soft and collinear limit: dProb(z, ) = @ <
T 2z 6
0 B
< = Zcut |
¥ = (5)
® Lund plane: In = T Soft )
z y
7
O L7
s d @
o d ®
7
1 % g ®
In /
Zcut
collinear
>
>
R
In —
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® LL accuracy: e First computed by Larkoski, Marzani, Thaler 15’
® Dominated by one soft-collinear emission

200, C; dz df
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® LL result: H = Rg
7 R
do 2043 200,C;;
dzgdH o ‘ X €XP [ ] 1/2 > Zg > zcuté’ﬁ)

_ 2 A
ngdeg_ T deg exXp [ (6 In 99 =+ 21nzcut In 99)] @(1/2 > <g > Zcuteg)

® Integrating over @ g agrees with Larkoski, Marzani, Thaler 15’

@ LL result above: e Probes color factor ()

1
e Probes singular part of splitting function P; ~ —
z

e Fixed coupling

® Can we probe the full splitting function?
P T Sptng } >> Need higher accuracy

® Can we probe the spin of the initiating parton?
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zgat NLL

©® First step: fixed order calculation

. s 1
G = 0(1/2 > 25 > 20ub?) (8, < 1)22 [Py (zy) + qu(zg@

T 0,

Probes full splitting function
Cannot integrate out ¢, for 3 > 0, it's IRC unsafe

Joint resummation to NLL accuracy in g and 2

Match to FO in order to probe non-singular

e Integrate out (99

® How to achieve NLL'? == Factorization theorem in Soft Collinear Effective Theory
(SCET)



collinear

>
S
H C & ln%
N . 3 d d -
Gi = O(1/2 > 2y > zew0)) H; CE5 5987 Sy x S..
dz, do,
Kang, Lee, Liu, Neill, Ringer 19’ 9 l _ , l
g cross section at NLL sets Zg and () g

® Only RG consistent expression possible

See also Cal, Lee, Ringer, Waalewijn ’20 for factorization of energy drop
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® Additional complication: Non Global Logarithms (NGLs) can
also set 6’9 and Zg Dasgupta, Salam 01’

Banfi, Marchesini, Smye ‘02

® NGL Numerical effects are small ~ 1%
Schwartz, Zhu ‘14

~

gz’ — @(1/2 > Zg > Zcuteg)f{i C@EgrsggrSG SNG(Zcut)

d d 4 S'NG S'NG B
X dz, db, Sz + 81 (29) + 857 (zeutly / 2)
i 10




® Comparison to Pythia

8
0
S|
® NLL' uncertainties allow us tosee =%
effects of matching to full splitting
function
2
0
30% _| I I I I | I I I I | I I I I | I I I I |_
/s =13 TeV, pr =50 GeV, R = 0.8, |n| < 1.7 ]
25% 2wy = 0.1, =0 =
> B —— NLL/ -
e 15% =
> - :
' 10%E =
5% | -
0% N |Z
0.1 0.2 0.3 0.4 5

pd
pd

/s = 13 TV, pr > 600 GV, R =08, g < L5 -
:_zcut =0.1,3=0, 6" =0.25 _:
] === NLL'+LO -
i =0 —— NLI/ 7
E Pythia 8.2: E
- ---- Partonic
. TR Hadronic 1
:l ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] |:
0.1 0.2 0.3 0.4 0.5
~g
® Around 10% difference between quark/
gluon non-singular
® Observable difference between quark/
gluon splitting function due to spin



® Comparison to Pythia
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_l [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ |_£| I I I I | I I I I | I I I I | I I I I ]
[ /5 =13 TeV, pr > 600 GeV, R = 0.8, || < 1.5 L V/s =13 TeV, pr > 600 GeV, R=0.8, || < 1.5 i
. [ zew = 0.1, B =1, 05" =0.25 T zews = 0.1, B = —0.5, 65" = 0.25 i
: B NLL' +LOT == NLL'+ LO -
- =1 e LL T — —U. . -
o & 6 6 + B 0.5 Pythia 8.2: -
2 |€ - Pythia 8.2: T ---- Partonic ]
i ---- Partonic } = Sy, 00000 - Hadronic g
i . Hadronic T :

2 - -

O : | | | | | | | | | | | | | | | | | | | | | -I--.I.--lz_
0. 0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4 0.5

Zg Zg

® Effects of matching to full splitting function similarto 8 = 0

® (SCET) LL compared to NLL’: Larger bands, no matching
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® Comparison to Data

ATLAS ALICE STAR
0 ——
Zl\/Ez 13 TeV, ;laT > 300 GeV, lez 0.8, |n| < 1|.7 lIl\/E: 5.02 TeVl, pr = 60-80 Gel\/, R=0.2,|n| I< 0.7 liil\/§: 200 Gev,I pr = 30-40 Gel\/', R =06, |n] I<o.4
eew = 0.1, 5 =0, 65" = 0.01 T2u=01,3=0 T zew = 0.1, B =0, 65" = 0.05 ]
ST T ATLAS T T ALICE T I STAR |
6L B NLL +LO === NLL +LO T B NLL 4+ 1O -
SRS . T T ’
S B LL 1 1 E
b T I E
B + i £
oo | L | [T1 | | | [T L | [ |
0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4 0.5
Zg Zg Zg
. ATLAS
VA= 13TV pr > 300 GV, =08, |pl <17 _ _
g [P 0L A=1 67 =000 : amas o @ Very good agreement with available data
A
- NLL'+LO ] ' I
NN : S ® Ahigher §¢"*would further improve the agreement
— | b 40
® Good benchmark for heavy-ion collisions
2 [
0 F coo b b b
0. 0.1 0.2 0.3 0.4 0.5
Zg
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Conclusions

Prediction for future EIC!

® Joint resummationin @ g and <Zg atNLL o105 GV, 02> 25 GV, R— 1, 0.1 < 4
i . : : [ pr = 30-40 GeV, zey = 0.1, 8 =0, 6" = 0.25
accuracy achieved through factorization in 8 F ’

SCET

< 0.85

® NLL +LO accuracy probes the full splitting
splitting function

® Excellent agreement with Pythia for any 3 R E——
® Very good agreement with data from multiple collider experiments

® Important to have 6;“‘3 In order to control nonperturbative effects
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Outer boundary:

® Standard hemisphere NGLs in <cut

collinear

® Anti-kt, hard boundary: no clustering effects

Y

In —
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@ Inner boundary, two NGL contributions

® Need to work differentially in zg and tg

& l 3.. l collinear
%
lng
S., < CF S., < Sa
S{NG’(Q)(,Z ) = 1.2907;014(%)2 ! In z (7)
%1 I o2m/) 2y, 7
o cu S 2 ]- cu 0
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) g 2w/ z40, g



