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Q-Jets in SCET:

LANL
from Q-thrust to Q-(sub)jettiness =~ 8 %2

all arXiv citations are hyperlinks
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Whatisa "()-Jet™?

# classical (deterministic) substructure analyses

£1: find jet


http://arxiv.org/abs/1201.1914
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Whatisa “()-Jet™?

* classical (deterministic) substructure analyses

£1: find jet #2: cluster into trees
(depends on algorithm)

1 (groups soft first)
T

C/A (groups by angle) I


http://arxiv.org/abs/1201.1914
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Whatisa “(Q-Jet™?

# classical (deterministic) substructure analyses

“Mass Drop-+Filter”
Butterworth, Davison,

#1: find jet #2: cluster into trees #3: get “groomed” m; R
(depends on algorithm) (0802.2470)

“Pruning”
Ellis, Walsh, Vermilion
(0912.0033)

first)
kT (gto‘lps So{t ”Trimmil’lg”
Krohn, Thaler, Wang

(0912.1342)

C/A (groups by angle) I

ani‘i.kT

(groups SOft Iasy)


http://arxiv.org/abs/1201.1914
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Whatisa "()-Jet™?

# classical (deterministic) substructure analyses

“Mass Drop-+Filter”
Butterworth, Davison,

#1: find jet #2: cluster into trees #3: get “groomed” m; R

(depends on algorithm) (0802.2470)

1 (groups soft first)
T

C/A (groups by angle)

“Pruning”
Ellis, Walsh, Vermilion
(0912.0033)

“Trimming”
Krohn, Thaler, Wang
(0912.1342)

QL
=)
=
A
~
—~
5
g
b
@
@
=)
~
J—y
Q
@
<

MhA

+ Q-Jets: use “all” clusterings = mass distribution for each jet


http://arxiv.org/abs/1201.1914

Ellis, AH, Krohn, Roy, Schwartz 1201.1914

Whatisa "()-Jet™?

« different for different algorithms :

@
J
Sum over Trees

Jet Maés
* Variation larger for QCD jets (no real mj scale)

= “Volatility”:
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http://arxiv.org/abs/1201.1914

ATLAS-CONF-2013-087

Results from Last Year

+ compare to standard candle (N-subjettiness):

Dijet Rejection
2

—
o
N

10

1

0 0.1020.30405060.70809 1
W-jet Efficiency

ATLAS Simulation Preliminary |
anti-k, R=0.7 LC, /s = 8 TeV

z=0.1,d= m/pT, C/A Pruning
Ngijets = 79, = 0.1
MC, All Backgrounds

—— Volatility

----- N-subjettiness

min

1.2

0.8

0.6

0.4

0.2

Thaler, Tilburg 1011.2268

T=r 1 | T 1 | T 1 | T 1 | I

ATLAS Simulation Preliminary |

Dijet Selection, \s=8 TeV N
z=0.1,d= m/pT, C/A Pruning

Ngjets = 75, 0=0.1

Correlation Factor 0.24

"F“'"“'ml"“l'"“"*‘iﬂil,*l-l'***mmﬂ““*“iI'imiIﬁ

x10°

« BOOST2013 working groups: understand correlations

Jets


http://cds.cern.ch/record/1572981?ln=en
http://arxiv.org/abs/1011.2268

Why are Q-Jets different?

“* 2 reasons:

1. NOT deterministic: probabilistic assignments

2. NOT energy-flow variable (event/jet shape): fundamentally iterative

(depends on clustering, not just particle 4-momenta)

all observables
E-flow

Qjets?

+ Can we understand differences analytically?



()-Jet Volaulity Calculation (?)

+ non-trivial mass Q-dists require at least O(10) particles

= need O(a1%) calculation....

0-= -

Sum Over Trees

Jet Mass

+ also not well-suited for resummation in SCET

* both related to fact that Q-jets is recursive/iterative....



What can we Calculate?

« energy-flow (non-iterative) easier
* are probabilistic observables possible / sensible?

« if calculable, what is effect on Non-Global Logs?
(important in general, but esp. substructure)

= define Q-thrust (then on to Q-(sub)jettiness)



()-Thrust

« cluster L, R with some probability:
(r, — k*/Q)0 (8 < 2 )

= oy 24 Tr 0 . Thrust Axis
: (classical)
— Pr(6)
i T ’
ik o) /Q)@(e > 5)
— Pr(0)

« disentangle Q-Jets/N-subjettiness (un)correlation???
1. non-deterministic (like traditional Q-Jets)

2. but now energy-flow /shape var



()-Thrust

“ probability conservation:

Pr(0) + Pr(0) =1

+ IR safety:

Bl = Poln) =
* symmetry (not needed):

PL,R(H) =1 PL,R(T(' = 6’)

TL

Thrust Axis T

(classical)



“ Examples:
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()- Thrust

« definition for higher orders - IR safety:

# must use clustering!
* ]R safety requires (in collinear limit):

“ before splitting: “ after splitting:

collinear =
PL(M{”"&ﬁd ) limit PL(‘,,G’(%)




()-Thrust to Q-(sub)jettiness

« definition for higher orders

event or jet




()-Thrust to Q-(sub)jettiness

« definition for higher orders

event or jet

(classical)
N-(sub)jettiness axes




()-Thrust to Q-(sub)jettiness

“tuzzy” region ~ R

« definition for higher orders

event or jet

SN

N-(sub)jettiness axes

(classical)




()-Thrust to Q-(sub)jettiness

o, : “tuzzy” region ~ R
« definition for higher orders clustering size ~ 6

' event or jet

/
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(classical)
N-(sub)jettiness axes




()-Thrust

+ factorization (for R ~ 1):

do do
dro = /dTL dTrRé(TQ — T —TR) e
Y — H(Bem) J(r1)€ J (1)@ (71, TR) S
dap deEr Xt \ ;
e Sjehine So(7L, TR) = NLC Tr (0 Y1 (0)Y,(0) O( 7z, TR ) Ya(0)72(0) [0)

“ Inspiration tfor observable from Q-Jets:

- Zw(treeiw(o_@(treei))
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+ NGLs in soft function?



Non-Global Logs (cassica

Dasgupta, Salam hep-ph /0104277
Kelley, Schwartz, Schabinger, Zhu 1105.3676
AH, Lee, Stewart, Walsh, Zuberi 1105.4628

TR
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http://arxiv.org/abs/hep-ph/0104277
http://arxiv.org/abs/1105.4628
http://arxiv.org/abs/1105.3676

AH, Lee, Walsh, Zuberi 1110.0004
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http://arxiv.org/abs/1110.0004

(S()ft) ClUStﬁriﬂg NGLS (classical)

* anti-kt = only clusters soft when AQ ~ E ~ A2 2 umpesssr-me.
= cone and anti-kt don’t have clustering logs

total NGL e
ota S : :
: . : (pure clustering) : CrCa:
(including clustering)
Kelley, Walsh, Zuberi 1202.2361 AH, Lee, Walsh, Zuberi 1110.0004
. Sum of NGL coefficients
anti-kr: O 35 :
(soft last) 3.0 anti-kr .
25
& 20
20 i
C/A: E LS
/. : non-zero i ——— C/A
(democratic in angle) o -
05* .................. kT .\"};;
00 . T
Vot e 00 02 04 06 08 10 12 14
: ' .
(soft first) and bigger

# Note: while C/ A and krinduce C¢* NGLs, clustering reduces CrCa NGLs


http://arxiv.org/abs/1202.2361
http://arxiv.org/abs/1110.0004

I Loop Results

# jet function = inclusive (up to O(t/R))

* same Y, (soft anom dim) as thrust

+ soft function has finite shift:

asCr [t dcosf v : :
ASY (1) = —46(7) = /0 B In tan §[PL (0) — 1 (shift per hemi)
' 7.‘__2 PL(Q)Zl—I_ZCOSH
12
= —6(r)x {
5 R | :
In“ tan B | (“double step function”)
\ al ]




2 Loop Results

» after adding clustering, same as thrust vy,

M = 61267 1 5 1 6L6RFEFR 1 (L & )
— O 0 fi fy + 0105 L fo¥ (1 = f13) + 010" fi4a f R fT + (L & R)
* Cp? (can separate soft clustering)

* S@(x, y) =1/2(S(x,y))? + clustering
* CpCa (IR safety = don’t separate clustering effect)

* w/ clustering, all divergences cancel -> left with
different (finite) NGLs



2 Loop Results

a = tan

“tuzzy” region ~ 1 - a

clustering size ~§ <1-a A

clustering region ~A >1-a

+ Cancellation of NGLs:

=1 =0
(cluster everything in fuzzy region) el

A
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Conclusions and Outlook

¢ Q-thrust:

“ non-deterministic but energy-flow variable
+ calculable!
* interesting (important?) effect on NGLs!

+ generalizes naturally to Q-(sub)jettiness

+ Qutlook:

+ performance & correlations

* many related observables to study, should exhibit same
generic properties (calculability and NGLs)



