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Motivation

quarkonia w/ momentum fraction z

o%

* quarkonia @ LHC:

jet of radius R

«—  andenergyE

Wl
11

L)

» “unmeasured jets” : tagged with algorithm but unproved

L)

* “measured jets” : probed with mass, angularity, etc
e ————
“jet shapes” (not the jet shape W(r/R))

Ellis, Kunszt, Soper '91, ‘92
see also: Yang-Ting Chien’s talk

L)
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Motivation

quarkonia w/ momentum fraction z

# quarkonia @ LHC: e e

and energy E

* for “unmeasured jet” (tagged but inclusive in mass, etc)

R
oy(2) x GY(E,R,z,u=2FEtan =) (“unmeasured” fragmenting jet function)
2 Procura, Waalewijn 1110.0839
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Motivation

quarkonia w/ momentum fraction z

# quarkonia @ LHC: e e

and energy E

L)

* for “unmeasured jet” (tagged but inclusive in mass, etc)

R
oy(2) x GY(E,R, 2,4 = 2E tan 5) (“unmeasured” fragmenting jet function)
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Motivation

“ quarkonia @ LHC:

“ one step further:

* more info if “measured” jets?

+ unmeasured factorization not as well understood
« Pythia/Madonia not great for LHC J/W

-> setup o for measured case

(bye quarkonia, for now)
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« efe jet shape setup: * pp jet shape setup:

cut

E < A veto pr <pr  veto
jet Of Size R measure beam rapldlty cut
(e*e  algorithm) L& —Nr="i0t 767 Ycut
AL ] O R e e
< -nlung s‘\ beam func

jet of size R
(pp algorithm)

Ellis, AH, Lee, Vermilion, Walsh 1001.0014
measure
- pp
o . et T,
* changes: e

(DR ® A — pHt

eTe™ pp :
(2t Sl (4) + (unmeasured) beam functions/PDFs

* fragmentation: “just” change J(t) — J(T, z)
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“ combine particles 1,j if

Jet Algorithms

AR = \/(Ayw’)2 b0 e T

G )
> SinQ] | O(Hij)

« same for all kr-type (kr, C/A, anti-kr) to O(a,)

“ simple replacement

: R
R — Rsinf; = (and 2F tan E — pTR>
cosh vy 2
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Hadron Angularities

+ ete definition:

S original event shape: Berger, Kucs, Sterman hep-ph/0303051

e ,p ~(1-a)lyis
2EJ this def’n for jets: Ellis, AH, Lee, Vermilion, Walsh 1001.0014

:(QEJ)—(2 a) 1 aZ| T‘(sm@ > —a(1+0(9§J))

boost inv. offender (overall factor!)

cancels offender (and dimensionless)

* another simple rescaling: >
1 - = AT e
= AR e (—J) S0
= o D l(AR P = (T2) T o
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Scale Hierarchies

“ for unmeasured jets & beams, need

R
6_ycut < 1

“ for measured jets, could get full R-dep numerically

Bauer, Dunn, AH 1102.4899
see also: Jim Talbert’s talk

“ to avoid non-global and kinematic logs sesialishirtomCaneal s all

Gangal, Stahlhofen, Tackmann 1412.4792

see also: David Farhi’s talk from “14

t 1 2
soft scales: p3t/py ~ 15 ~ T

see also: Duff Neill’s talk; Larkoski, Moult, Neill 1501.04596
(within 1071

P J VaS 3 AN
hard scales: pyr~§~t~1
see also: Bauer, Tackmann, Walsh, Zuberi (“Ninja”) 1106.6047

see also: Piotr Pietrulewicz’s talk
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Factorized Cross-Section

+ born:

do—born PTIL1X2 1
= : :w) TriHpS

“ unmeasured jets:

do e g
dyldygde o 87TEélm N

B(a1; p) B(w2; o) Tr{H (p)S™™ 5 (1) FJ1 (1) J2 (12)]

unmeas./ measured jet functions (different)

“ measured jets:

do L Ry L
dyrdysdprdridr?  8mEL, N

B(z1; ) B(wa; ) Tre{H(1)S(75, 725 1)} @ [J1(75; 1) 2 (755 )]
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Unmeasured Beam Functions

o%

» “unmeasured” fragmenting jet function:

G(B,R,zi) =Y / L Fs (B, R 5 p)D) (/'3 1) + O(Wdp/E?)  Procura, Waalewiin 1110.0835
- 2

\ R

u77,] (E7 R7 Zlv :u) - «71,](2E tan 57 zla :u)

L)

. R :
* simple replacement: 2Etan - — Ecne™¥

same as D at O(ax)
+ unmeasured beam function: / (different at O(a3))

L)

dz g
Bi(Ecm, Yecut, Lis ,u) i~ Z ?~7Zj (Ecm€ ycu‘“a Zlv :UJ)fj (Z/Zlv ,LL) i O(AQQCD/EQ)

\ J
evolves like unmeas. jet

same as above to O(ay)
Procura, Stewart 0911.4980
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Jet Functions

unmeasured:

R
E tan 5 — pT'R

Ji

= e =

i

(

@ I
6_2+€>(pT73> =

N——

1,alg
& ]

now boost invariant!

measured: definition of J(t) and é(r — 4%) = 4A-15(4~ 17 — #)

o= (25

= 0(7a) —

s

7

2T

(

(—

pT

) (

I

Ta

2—a
g s
2F J) a)

ST A
el—a 1—a/2

-,

—

now boost invariant!
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Soft Function(s)

Sl =S (@) (S0t () dea s (Bl SOl

) - —/
—

always present add for each meas jet
— = (can sub in favorite jet shape)
o B
i
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Soft Function(s)

Sl =S (@) (S0t () dea s (Bl SOl

a a

) - —/
—

always present add for each meas jet

(can sub in favorite jet shape)
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Soft Function(s)

Sl e =S i)k [So St e d(ad e (el Ol

) - )
—

always present add for each meas jet
(can sub in favorite jet shape)

e+e_

rescaling 7~ 2 Tp D

AP

meas /[ __1 pr meas )
] Z<2EJ> % <<2EJ> )
(i7#7)
1 1+2¢ 2¢€
( ) (_> R2e(1-a)
)

1, C; e7ES

e Fl—e 1 —a

boost invariant

Andrew Hornig, LANL SEEEZ2015

Mar 27, 2015



Soft Function(s)

Sl e =S (@) (S0t ) dea s (Bl SOl

a a

&

N
g 1[5 2,7, (570 4 3758) e
(i) =

<«

V- )i

inc L as M & inc € d’k el
sirel = ( ) Zpel =~ - I 5(k2)B (k"))

ij

br 27T)d_1 (nz 4 k)(’n] . k) \
pr veto!
la A d°k el
{5 i S k == L J 2 0 k
e G E

* not simply related to anything calculated...
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Soft Function(s)

: 0 i e d%k T+ d07
S;I}cl et ) Imcl PR, 26/ (R 5 k2 O k() o)
1= ae (o) = [ e IO 0

JANAE ek / df; sinl=* 6, / dfy sin™ ¢ O,
J 2ﬁ1“(1/2 = 6) 0 0 1 — C1 1 — CZ'jCl — sijslcg
F(1/2—€) /ﬂ- T e ) 2\ €
X df3 sin “03(1 — (nBlcl + np3sSica + n33818263)
s ( )

ﬁi°]€261

ﬁj e — C;ijC1 1 83j81C2

np -k =mnpic1 +npasico + np3sisacs
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Soft Function(s)

: 1 —c;;)erBe [T % 2 5 | 1
I}I}Cl = ( (] / do - 1—2¢ 9 / d6 . 2€ 9
Y 2\/EF(1/2 = 6) 0 oy - 0 s : 1— C1 1— cijcl r= Sijslcz
B T T Y €
x[ 5%/I’(—e)) /0 Wiy Tl 93(1 — (np1c1 + np3sico + n33813203)2) ] .
planar 2\ € .
| e (1 — (nB1C1 + NpB2sica) ) => can boost for back-to-back jets!
=B ) e :
[- s ] : > sin“® 04 -> rapidity divergences...

incl B B
I T +1pp

alternative: rapidity regulate 7ivd & 7.
sum is IR finite (different with SCETn (measured) beam functions
coordinates) .
57 for pr resummation

o incl B\ J
By tIg; +1g;
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Soft Function(s)

Sl =S (@) (S0 ot ) dea s (Bl SOl

So [(1 e
sunmeaszsw{?o[(—mln = )sdw—o‘—(01+02)1n272

€ p%ut T

2004

T, -T51n (1 + eAy) In (1 -+ eAy)] + h.c.}
W—J
only one (new) matrix

T
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Soft Function(s)

Sl =S (@) (S0 ot ) dea s (Bl SOl

qunmeas _ Sl {_

: 1
(1#7)

W—J
only one (new) matrix

ni-nj

= =@, 3 1
° t(CB+CB)+Cl 1q2coshy1

Andrew Hornig, LANL
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R/
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R/
%

NLL’ Cross-Section

unmeasured result:

do prrize 1 —

dyrdyzdpr  8mE4, N

~B(w1; ug)B(we; pp)J1 (1) Jo(ps) W (g, fig, pB, o)

x Te{H (pr) U (1, fis, purr) S (s )U (1, fis, por )}

measured result:

do - PTIT1T2 1

dyrdyodprdrldr?  8wELX, N

B(w1; up)B(x2; uB) [Hmeas(ﬂi, T25 148 Sy i, fhB fhEr ) T {H(MH)UT(M, NS [Sunmeas(us)

+ So(f5(rasws, ps) + f(7a;we, ps) + (1 2))}U(u, s, uH)}]
+
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NLL’ Cross-Section

+ unmeasured result:

do _ przizs 1 .

= L gl ; B ; J i [runmeas ’_ ; ]
dy dyadpr — 8TEA, N (215 1B) B(22; p5) 1 (.7) T2 (1) (fiss figs 1B fom)

x Te{H (pr) U (1, fis, purr) S (s )U (1, fis, por )}

+ measured result:

do PTZ122 1 », meas 7 unmeas
= — B(z1; ) B(m2; ) |TI™* (15, 72; fis, iS» (o], 4B, poir) Tt {H(MH)UT(M,NS,MH) [S (1s)

dylddepTdT&dTg % 87TEélm N
+ Qs ) + £} sk D) + (1 2)| U, s )|

+

* fragmentation: fo+ s -3 [ |56 - =/a)s + 77(/)]

9270, 0 ) = 83501 — (70, @ ) + Pis(2)gid (77, 0 1) + €9 (2)
(reduces to convolving measured fragmenting jet function for a=0)

Jain, Procura, Waalewijn 1101.4953

Andrew Hornig, LANL SEEARP1S5 Mar 27, 2015



NLL’ Cross-Section

+ unmeasured result:

do _ przizs 1 .

= L gl ; B ; J i [runmeas 7_ ; ]
dyidysdpr  8TEL, N (215 uB)B(22; nB) 1 (1) T2 (1) (Ass iy, kB, pr)

x Te{H (pr) U (1, fis, purr) S (s )U (1, fis, por )}

+ measured result:

do PTIT1T2 1 = meas o nmea
= — B(21; uB)B(m2; pp) |II™ (74, 723 s, 1S [T s LB [LH) Tr{H(uH)UT(u,us,uH)[Su ®5 (1)

dyrdyodprdrldr?  8wELX, N
+ Qs ) + £} sk D) + (1 2)| U, s )|
+

* fragmentation: fo+ s -3 [ |56 - =/a)s + 77(/)]

numerically small!

oGz Pl )
- ; / (PRELIMINARY)
L i S =00 A O e Il o G S )

(reduces to convolving measured fragmenting jet function for a=0)

Jain, Procura, Waalewijn 1101.4953
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Summary & Outlook

+ most pp results can be obtained directly from e*e-
+ new soft function for out-of-jet/ beam radiation
# NLL" resummation of (boost inv.) jet angularity

+ future:

# comparisons to Pythia, etc
# quarkonia pheno...

* interplay between unmeas/meas beam approaches
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