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Understanding NP corrections is crucial for precision physics

PDG
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“Pronginess” matters for hadronization

(mbad)2 _ m5 Qi
p7 R? p7 R?

NP corrections in the m; — 0 region: | -
pr R

For larger jet masses we need to account for multi pronged
nature of the radiation pattern of the jet:

OO Parton level Hadron level
OO &
04 OO OOOOOOO
100

=
o

CMS 2011 Open Data

AK5 Jets, [Pt < 1.9 . y

piet € [399,401] GeV : 3/
CHS, p?FC > 1 GeV, Tracks | — Z

Rotated, Scaled to 400 GeV -

S
DO

Differential Cross Section [pb/GeV]

=
—_

0.0 e ' : : : : .
0 20 40 60 8 100 120 NP corrections in multi pronged jets cannot be simply

Track Mass myrack |GeV] ]
Komiske et al. 1908.08542 captured by a single O(Acp) constant



Boundary correction whenever there is a veto

’ Another type of hadronization effect
 Pymsa8, pp o t(o> bad) + X ; whenever there is a veto of some sort:

gl m =172GeV, R =12

10 do
o de,jet
o)

hadR pTR 1 Tlﬁ: T .

4:_ --- Parton level "=
- —- Hadron level \\\\\\_
- — Had+MPI T
2_ ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] ] ] ] |
550 570 590 610 630 650 A
~
do Prjet [GeV] T 1 K Q C D < O
dpr Dasgupta, Magnea, Salam 2007

1. Leads to migration of events to lower p; bin

2. Events at the edges of the bin are impacted

3. Impacts the normalisation: not a shift in the jet mass



Outline

1. NP corrections in soft drop jet mass

2. Calibrating MC Hadronization models

3. Application for o, measurement



Why soft drop jet mass?

1.25 B | | | | | | | | | | | ] ] ] | ] ] ] ] | ] ] ] ] ]
- PytHIAS, pp > Z + g jet ' 2 A
L pr=600GeV.R=08 ;%\ ¢=—~ 4  Apply soft drop
“r - No Soft Drop \ \ ! : o
= 0.751 ; o © [ a0
_8 o0 - — — . Parton level < |3
% 0 5:_ Hadron level E e
—lo [ —-— Had+MPI — 15
0.25:_.....5251?0 / ]
L T =&
0. L— =
-5 —4 3. -2 —1 0

0.75 ] ] ] ] | | | | | | IIIIIIII PI { | ]-I | ll
n . — — arton ievel -
- Igiﬂflé& lz P O_1> Z+qJet Hadron level -
T T st T — - = Had+MPI -~
- = 600GeV, R =0.8

0.5 “7 eYLRERS L £ = o

" With Soft £ =TT =%
- Drop

025+

- Measurable and calculabe observable for hadron colliders

- Reduces sensitivity to underlying event & hadronization effects

[Les Houches 2017] [Larkoski, Marzani, Soyez, Thaler 2014]



Perturbative region is two-pronged

. . . . Hoang, Mantry, AP, Stewart, 2019
The region where soft drop is active and perturbatively oang, \Vantry, AL, stewart,

calculable has an interesting two pronged geometry

Vincia 2.2, ¢'e — ¢gg, Q= 1000 GeV
OPE region: 2/2
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()075 I I I I | I I I I | I I I I | I I I I I I
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K,k

With Soft
Drop

do
o dlogy€&

Kk

0.25

Vincia 2SO = 1000 GoV
NP to OPE: 1/2
1 Seut = Ol,ﬁ = |

| | | | I:] | | | | | II| I:I

-3, —2. v\l 0. <

Soft drop resummation region

Non-perturbative region (perturbatively calculable)

(no theoretical control)




Shift and boundary corrections in SD jet mass

' jon i ' : Hoang, Mantry, AP, $ 2019
Shift correction in the groomed jet mass involves kR — R, oans, Mantry, AL stewart,
had \2 2 Collinear soft
A )
(mj,gr) L mJ,gI' 1Kk

p3R2  piR?2  prR,

Note that jet mass alone cannot describe the NP .
: Collinear
corrections:

- Need an auxiliary measurement of Rg for the two

pronged jet
1 dohad 1 d6, Q2. d 1 d%6 R
K _ Y K d K _ -9 __
o dE | 6. A6 Q d€ ( / EArYy dgdrg> =R @=prk

Final correction obtained by marginalizing over &,
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Shift and boundary corrections in SD jet mass

Despite the fact that SD is NOT a veto on jets, 2-pronged jets can turn into 1-pronged jets if they fail SD

u ﬁ: 19Z0ut:O°1

| | | | | | |
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...... £ = &ro ]

Hoang, Mantry, AP, Stewart, 2019
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Here we need both Rg and Z, auxiliary measurements at the boundary of the soft drop



Jet mass dependence of NP corrections

(T?,O/i + 5T?,1/§)

1 doa,.
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Hoang, Mantry, AP, Stewart, 2019

Studying soft drop jet mass
makes it clear that multi-pronged
jets

- Need non-trivial jet mass
dependent weighted cross
sections

These weights are perturbatively calculable

[AP, Stewart, Vaidya, Zoppi 2020] [AP, to appear]
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MC agrees well with parton level weights

Hoang, Mantry, AP, Stewart, 2019

C—they  Pamoncetemaq © | [ —meny Poncee—aa ¢ | Compare the weighted cross sections with parton
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Good agreement of NLL' calculation within
perturbative uncertainty
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Calibrating the MC Hadronization models using soft
drop jet mass

Ferdinand, Lee, AP (to appear)



Test predictions against MC

The NP parameters are found through least squares fitting from parton to the hadron
level using theory calculations of C; and C,

Pythia 8.306, pp—=Z+ glet ----- Partonic (0=0.900
: 059 Yi0=—-0.260 ~  ______
o Zat=0.2,6=2,R=0.8 — Hadronic | I 00964 7 T TTTRN
| 1450 < pr <550, |n| < 2.5 Fit
I - EOE 0.4
04 o — — ¢ro ,: \
NV St SO ' M, S R\
S | TNl I = /’, I N
S T | S 0.3 a |
< 034 TSN S
2 TS | S | |
S | ” | 1; | |
b ~ S~
E 02 n I I \\\\ : 02 ! :
: N (s Partonic |
| | A Hadronic |
0.1 1 | | | —— Fit Pythia 8.306, pp—Z + gjet |
(0=0.468 | | — — ok Zat=02,B=2,R=0.8 |
fio= ~0-689 | — — &Fo 850 < pr < 950, [n| < 2.5 |
0.0 Y;; =0.959 | | 0.0 - . pr nl<2. |
-3.0 25 ~2.0 ~15 ~1.0 -0.5 -3.0 2.5 ~2.0 ~15 ~1.0 -0.5
log10é log108

From theory we expect:

1. The parameters to be ©O(1 GeV)
2. Universal for quark jets

3. Universal for soft drop parameters



Testing quark jet universality

Let us test universality by testing if fit parameters for e"e~ — gg and pp — Z + g Jet agree

0.0
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Testing quark jet universality

Now add the include variation due to perturbative uncertainty in C,

0.0

— ee—(qQqQq

pp—Z + gjet

_04 -
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Testing quark jet universality

Include perturbative uncertainty in C, as well:

0.0
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Testing quark jet universality

Quark jets in the two process display compatible behaviour for the two processes in
Pythia8
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Testing soft drop parameters (in)dependence

We predicted that the boundary correction is linear in f:
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Testing soft drop parameters (in)dependence

Verify other universality cases: good agreement within perturbative uncertainty
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Prospects for SD jet mass for o, measurement

Hannesdottir, AP, Schwartz, Stewart (to appear)
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Perturbative uncertainty and NP corrections

Compute LO matched, NNLL resummed cross section for inclusive jets:

B Z/ dazadazbdz
d]?TdUdf Lalpc

e
O

Pert variation, inclusive norm

e
-
I ‘ I I

g jet, pr = 600 GeV
W 0.8 B=1, zeut = 0.1, R=0.8
Sk
1S 0.6
5
— éx I
. 0.4

=
DO

log((£)
[Kang, Lee, Liu, Ringer 2018] [Hannesdottir, Pathak, Schwartz, Stewart (to appear soon)]

do,
oincldlog;((€)

fala) fo(ay) HS (%)Qc(z,é), $= 5

[ ] [ ] [ ] [ ] [ ] °
\) S BN @)\ o0 S )
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g jet




Perturbative uncertainty and NP corrections

Ideally, fit for 7 parameters to stay model independent — a bit challenging?

702 YI Y& Y9 Y&
(ay, £27, 827, Yl,O’ YI,O’ Y1,1’ Y1,1)

Instead treat as nuisance parameters

Take uncertainty as difference between parton level and hadron level:

Q7 , = 0.14, ], =04, 7, =11, for quarks,
Qf , = 0.93, T, =-0.07, T7{, = 0.68, for gluons.

(Values obtained from fit to Pythia8)
Ferdinand, Lee, AP
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do,
oincldlog;((€)

-
@)\

-
=~
\ I \ \

Perturbative uncertainty and NP corrections

Knowing the perturbative weights associated with NP parameters enables us to
accurately capture the jet mass and grooming parameters dependence
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q jet
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Variations in a, (10% below) modity both shape and normalization
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[Hannesdottir, Pathak, Schwartz, Stewart]
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Projections for o, measurements
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NNLL perturbative
uncertainty dominates

Not constraining NP
parameters leads to an

irreducible O(1%)

uncertainty on o,
measurement

Quark and gluon jets have
comparable sensitivity
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Conclusions

New insights into hadronization corrections in multi pronged jets using soft
drop jet mass

NP corrections in 2-pronged jets require non-trivial auxiliary measurements

Calibrate MC hadronization models in this framework — uncertainty set by
perturbative uncertainty on C, (m%gr) and Cz(mjz, gr)

Use this formalism to determine ultimate prospects for @, measurements
using soft drop jet mass
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