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Jet mass
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A cartoon of jet mass contributions

~ 10fm

1

Connors et al, The Definition of Jets in a Large Background
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Resummation using Soft-Collinear Effective Theory (SCET)

» Large logarithms of hierarchical scale ratios can be systematically resummed using
effective field theory techniques
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Multiple scattering in a medium and QCD bremsstrahlung

» Coherent multiple scattering and
induced bremsstrahlung are the
qualitatively new ingredients in the
medium parton shower

> Interplay between multiple
characteristic scales:

> Debye screening scale
> Parton mean free path A

» Radiation formation time 7

» Jet-medium interaction using SCET with background ok
Glauber gluon fields SCETg (Glauber-collinear: Majumder R

et al, Vitev et al. Glauber-soft: work in progress) ® M

» Leading-order medium induced splitting functions

P{’fj’.l(x, k, ) were calculated using SCETg (Vitev et al) 4L

11—z, —ko
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Soft Drop
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» Tree-based procedure to drop soft radiation (Larkoski et al)

> Recluster a jet using C/A algorithm: angular ordered
» For each branching, consider the pr of each branch and the angle 6

» Drop the soft branch if z < z., 67, where z =
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Soft Drop
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» Tree-based procedure to drop soft radiation (Larkoski et al)

> Recluster a jet using C/A algorithm: angular ordered

> For each branching, consider the pr of each branch and the angle 6
» Drop the soft branch if z < z., 67, where z = %
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Groomed jet mass function

» The process-independent groomed jet mass function JS° (m?, 11) captures all the
soft-collinear radiation inside jets (i = ¢, g)

TP (m?, p) = /dpzdk]i@27 1)SEP (k, R, zeus, )8 (m* — p* — 2Eyk)

where SfD(kv R, zeur, /1/) = S,C(kv R, Zeut, N)S,G(Ry Zeuts ,U,)

» Medium-induced splitting functions are used to calculate the modification of /52 (m?, u). At
O(ay),

TP p)=>" /P kL P k1 )8(m* — M?(x,k 1 ))Ou. Osp

,) 1/8 k).

> The full jet mass distribution can be calculated by weighing the groomed jet mass functions
with jet cross sections

2
MP(x,k1) = oty Ok = O(ERx(1 —x) — k1), Ogp = O(EsRx(1 _x)(

JSD( ,u)

7PSD 2, 1), where PSP (m? p) =

i=q,g
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Resummed groomed jet mass function

» Each function is calculated at 1-loop and depends on a single scale

PP (m?, )
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o H]Z cl;?ﬂ >2CiAI‘(l"xaMx<‘) (ZEJ tan 3 >2CAI‘(;U'9#‘7R) SiG(,uX)
248 B 2 7i .
Nr]c+ﬁ (ZEJ tan g) 58 Hijg m Jun (/‘LJR)
2 1+/3 2 _
K5 Zeut m ne  YEN
T(0m, 1)3€ (0 + In —5— ) (%7
B H; I'(n)

Y.-T. Chien (MIT) Heavy ion jet physics 10/17



Preliminary results
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» Medium-induced radiation enhances small mass region
> Large jet mass requires hard and wide angle radiation
» Soft contributions and hadronization are still under examination

ALICE, Phys. Lett. B776 (2018) 249-264
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Preliminary results

10

ATLAS preliminary R =04, py: 126-158 GeV
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> At parton level, m/pr distributions mildly scale with pr
» Hadron mass effect is large at low pr

ATLAS-CONF-2018-014
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Preliminary results

vV vyVvVvyy

010~ ! ! : : 006 ! ! ! ! ! ! -
Vsw =502Tev R=04,[n[<13 R=04,pr =150GeV  B=0, 24=0.1, AR;,>0.1
008l 140 GeV < p; < 160 GeV B 005 ) -
——  mediumgluon
B=0, z44=0.1, AR;;>0.1 soal  NLO vaowmgluon -
006~ 1 NLO 1 ——  medium quark 5
NLL — oo} vacuum quark B
o004l — PYTHIA8parton | dm -
: — PYTHIAS hadron ool -
0.02 B
0.01 1
0.00 - 0.00 L
0 40 5 10 15 20 25 30 35
m m

ARj; > 0.1 cuts out the Sudakov peak

Lower and upper limits of jet mass are dictated by kinematics

Medium perturbative contributions enhance small mass region

Soft contributions (underlying events, medium recoil, etc), hadronization and background
subtraction are still under examination

CMS-HIN-16-024
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Preliminary results
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Jet Mass

Collinear drop

An example of CD observable can be constructed using a Soft Drop + an Anti Soft Drop

(zent 1, 61)

(Zvut 2> 82)

Vo Ty ////

> Consider 6m* = mg;, — mg;, to quantify the radiation distribution within the “ring"
» Contributions from collinear radiation to soft-drop jet mass cancel
ngi ~ p? +2Ejn - Pes; » 5m2 ~2Em - (pcs'l - pcsz)

» Phase space constraints on the kinematics of soft emissions,
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Factorization and resummation of dm?* using SCET
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Soft Dropped » If two soft-drop conditions are hierarchically separated,
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Conclusions

Conclusions

Jet mass contains rich information of radiation inside jets
Jet mass can be systematically resummed using effective field theory techniques
Jet mass function allows us to calculate for arbitrary hard process at NLL accuracy

vV VvyVvVvyy

Collinear drop allows us to systematically explore soft phase space regions

Y.-T. Chien (MIT) Heavy ion jet physics 17/17



	Jet Mass
	Conclusions

