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PROBLEMS IN HIM FITSTO (g

Salam and Wicke 2001 (hep-ph/0102343)

Secondly fits for the heavy-jet mass (a very non-inclusive variable) lead to values for o
which are about 10% smaller than for inclusive variables like the thrust or the mean jet
mass. This needs to be understood. It could be due to a difference in the behaviour of the
perturbation series at higher orders. But in appendix D] there is evidence from Monte Carlo
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Something is fishy about heavy jet mass
» Different power corrections ?
» Different perturbative behavior ?

Chien and Schwartz 2010 (arXiv:1005.1644)

NNNLL resummation with NNLO matching
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ay(mz)
Event Shape | a,(mz) | Anp (GeV) | x*/d.o.f.
Thrust 0.1101 0.821 66.9/47
Heavy Jet Mass | 0.1017 3.17 60.4/43
Combined 0.1236 -0.621 453/92




Fixed Order Perturbation Theory

e Data for Thrust seems matches shape of NNLO theory better than HIM in the far tail
Thrust
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Sudakov Shoulders are different
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| i » Thrust has right shoulder
i * HIM has left and right shoulders
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 Could resummation of the Sudakov shoulder

improve the theory prediction?



What range do we use to fit a;?

* p<0.08 has large power corrections
* p<0.1has large subleading logs .,

Chien and Schwartz: 0.08 < p < 0.18 used for fits

fit range
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Dijet Resummation important

Abbate et al. 2010 arXiv:1006.3080
0.06 < p < 0.24 for fits
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: shoulder logs important

F thrust ]

Shoulder logs large at p = 0.33
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Sudakov shoulder logs important for 0.13<p<0.25

* Resummation of the Sudakov shoulder logs
could have a significant effect on a fits for p

No effect on thrust, since thrust has no left shoulder
* In what range does one trust fixed order results?
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Sudakov Shoulders

First observed by S. Catani and B.R. Webber in C parameter
(hep-ph/9710333)
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v Shoulder at

* Range of event shape restricted at each orderin (s

3 1
C<4g, p,7<sz (3massless partons)

Discontinuity in perturbative distribution

* Real emissions near trijet configuration incompletely
cancel with virtual counterparts resulting in large logs



Sudakov Shoulders in Thrust & HIM

0.035F -
0.030f Thrust * LO has a discontinuity in first derivative
0.025F ]
_ _ * NLO inherits the same behavior, but with log
gz "k ] enhancement
b r 1
0015k ]

.~.n1.~.5. * Compared to C parameter logs, there is
o HIM ] however a phase space suppression

0.005F ]
0.000k / L \ ] * Left shoulders in particular need to be
0325 0330 0332 0334 0336 0.338 explained and are more important
x=TOrp . . .
phenomenologically (primary focus of this
talk)
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Right Shoulder (Both HIM and Thrust)



Physical Reason for Sudakov Shoulders

* Emission in light hemisphere get Sudakov enhanced
at small jet mass

o ~ aln? oL
o } oL * Energy must be drawn from the heavy hemisphere
: S restricting
| PH S 35— PL ﬁ

Okay at LL, needs refinement beyond
(next slide)

Wl

* Emissions in light hemisphere Sudakov enhance o
near trijet-threshold <:| U(PH _ % _ ﬂL) ~ o ln2 (% . PH)
* However, the phase space closes off near the tri jet
(apparent from LO ; the matrix elt is not
suppressed)

1
dll ~ [ = —
/ (3 ’ H)
1 ) In2 (1 ) (No such phase space suppression for C parameter
a In

— o(pm) ~ <§ — PH 3 PH shoulder logs)



Sudakov Shoulder Logs - Fixed Order Computation

* Parametrize 4 parton phase (5 dimensional) in terms of

w:2fb°(p3—|—p4>, (/b

n - p3
sosa = (3 +p3 +p1)°, ssa=(p3s+ps)’, z= :
s34 ~ L 234 (p3 D3 p4) 34 (p3 p4) = (p3 p4)

* Compute thrust exactly as functions of these variables and choose
n ¢ region where axis is along jet
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Sudakov Shoulder Logs - Fixed Order Computation

Power expansion of phase space
4/ . .
s~ T —w i A Y= sam— 1 A A e sy o AO * Matrix elements also factorize

About 40 (!) relevant regions of integration
However only 4 regions give us logs
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where

yv = —r + 2834, Yk = 2r — s34,
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%23 576 T3 9 T3 T3 T3t (2.35)

‘ Integrating matrix elements over these regions generates the shoulder logs
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Shoulder Logs from FO Computation

—_— = — — ) (2 | 4 (—) —n¢T — |1 In — 2+ 2In— 1
o 96CF(47T> (2CF +C4)rIn“r +48CF = {Snf r+ 5 < —|—3n81>—|-CF< + 1’181)}7“117“
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1 1

Binned histograms from EVENT2 (overlayed with log fits)

e Compare our result to numerical data from EVENT2, >0f

cutoff 102,12 trillion events. \ mf

* QGreat fit! 0]
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* Next step — Resum logs using factorization thm : / CrCa

derived using SCET o “

of ___— T Cpnylogs
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Factorization Using SCET
2

« Impose measurement function that sets thrust axis. With one massive parton p? = m?

| T1z§+r—2m% T2=§—7"+312—m% ngg—(slz—é)
" 1 1 Thrust axis along massive
TEg—p, tET—g, T1>T2,T1>T3.4/parton
— mi <r t <mi

™ /

Measurement functions bounding jet mass

no

* All order factorization needs to account for multiple soft emissions
HIM Measurement
m3 + 2p1ky + 2v3ks + 2uzks < 1+ m3 + 2poka + M3 + 2psks + 2v7ky  meks ek

ko

k1
t < m% + m% + m% + 2p1 k1 4 2pako + 2ps3ks + 2uiky + QUéki + 2@%/{3
\ /v ik >mng -k -
Thrust Measurement projection along the wedge i

k;;

* With a differential soft function, we factorize the cross section " Measurement Function
\
1 do | |
—— = H(Q)/d3m2d6q Se(q:)| R(my, gi, 7)0[ R(my, qi, 7))
J—— o1 ar

LO o

N

Inclusive Jet Functions Differential Soft function



New Ingredient — Differential Soft Function

S(q1, 93,93, 91,92, 93)

g =ki-n; >0
~~

fig-k>ng-k -

Projection along ith wedge
Ng -k >mny k .

k5
’ e Similar to direct photon soft function [Becher and Schwartz - 0911.0681]

and n-Jettiness soft function [Jouttenus et. al 1102.4344 ]. Non-trivial
computation due to projection onto wedges.

Find 4 independent integrals to compute

* Gieseking’s constant (transcendality 2 number) appears. Cancels out in
anomalous dimensions at NLL



Trijet Hemisphere Soft Function

S(qr,qm) = f d°q; S6(q:)0(qr — 1 — @5 — 45)0(qir — 41 — g2 — q3)

ng -k >ng-k -
, [ —4CFToIn 2L 45, as (1) —2CAToIn £ 4+,
Sone—loop , hemi =4 5 Qg (M) 5 H S ) H -
p (qz, qm, 1) = 6(qr)d0(qm) + “In (qr) ko + A (qm) Ty
ERLESCN , [ —2(Cp + Ca)Toln 2z 4 —2CFToIn £ 4
g one-loo emi Qs a A)%0 Tsag As F0 Tsq
Syreoon e gy gy, 1) = 6(a2)8(ar) + 2525 ) z + 2 50, z
4 kg 47 kr,

Vsqq = —4CFr1n6, Vsg = —2C2In3+4CpIn2

3
Yoqg = —2(Ca+ Cr)In6, ~v5q=—-2CFrln 5 +2C4,1n2

e At NLL, only contributions from three wedges inside a hemisphere contributes.
* RGE COnSiStency check - —Yh = ’y]g + 273(1 + /ysqq + /ysg — ’ng + 2’}/Jq + ’y‘sqg + ,YS(]

Nl

Previously computed in
literature

-themi o y
. Factorizes at NLL i.e. 5gmrm{k”: kr,p) = f,g(,{;L: ;_{.)*‘SW(!.:H: 1), —>  Makes resummation easier
Srélcrrli{kjh ij ,u_) — Srq(kL._. _IL)S(;Q(}ITII: ,U,)-,-



Resummation to NLL

d“o

= H(Q, n) f dm? dm3 dm3 dqp, dqg J(m3, p)J(m3, p)J(m3, 1) S(qr, g, i)

- 9 o 2\ . 2 2 9 2
X 0| my —my— Eq,[,(,w) o mpy —ms5—mj— Eqﬂ(,w)

e 2 g2
dm Ld mi

HIJM, Left Shoulder

2
do : : d“o : . : ‘
2 2 2 2\ 2 2
— = [ dm3dm7 ——(r+m m7)O(r +m m
dr [ H L d'ﬁt‘f d'”.‘.-‘;f( H L) { H L)

1 do d*o

Plugging in soft, jet and hard functions, we get the all order resummed (NLL)
results for the shoulder logs in HIM and thrust (Same Soft function needed at NLL)

Cross check - Resummed result @ NLO matches FO computation v



Resummation to NLL

Using notation of (Becher, Neubert and Pecjak , hep-ph/0607228 , Becher and Schwartz 0803.0342, 0911.0681 ), all
shoulders can be written out using a single RG kernel

1 doy, — ((9 5 )t (tQ ) netin o —ym(netnn) Iy (Oy,, Op, ) = exp {4CFS(M“ pin) +4CES (s, jn) + 2CaS (ph, frie) + 2C4S (pse, /t,;'z)}

01 dt gaTer i Hs F(2 + Te + nh) X €xXp [214789(”56- ,Uh) + 2A’y9qq(/ishv /Lh) + QA’YJ'H(:UM: :uh) + 4A“/jq(,u’7'h ,U’h)}
Ne+nn — + : _

L 9% _11.5,,0,) (29 e_etntm)  sin(aing) X H(Q, 1n)Jq <dm +In Qm) (r% +1n QM) (% +m S’) CHGMEACH
o1 dr g\Yng» Oy, 115 (2 + ne + np) sin(7(ne + nn) o Hin e

1 dO'g H (8 8 ) SQ Netnn 6_7E ("72 +77h) Sin(ﬂ')
_ 9 — s| —=
o1 ds g\Ong s Ony, i T

(2 + 10+ nh) sin(7r(77£ + nh)) Ne = QCA AF (:U’ja MS) QCA (

nn = 4Cr Ar(uj, ps) ~ —4CF (

Order by order expansion in (s is finite and contains large logs (we’re dropping linear terms for consistency at NLL)

Novel, singular behavior in HIM, at 7¢+7n € Z . Pole at 0 from p; = p1s can be dealt with subtraction (drop
linear terms by subtraction at r=1)

Pole at 1 — 'Sudakov Landau Pole’ — obstructs resummation. Without running,

17c

o Needs better understanding.
~ 0.01 *
T

Interestingly, same orderasa L ~ 1
(NLL region)

rr = exp [—%(C’A + 2CF)FO} = €exp [—



Sudakov Shoulder Logs are Global

* Measurement function @(m% + m% — t) seems to receive contributions from large masses for thrust (!)

MOM) = M — MO(~M)
Gives analytic (no logs) across t=0 Generates the non-analytic logs across ¢ > 0 , m%, m%% <t

Logs are global!

* For HIM, one ends up finding that integration over the light hemisphere mass leaves one with an integral of the form
00 M 00
/ dy 4"~ (r+y)* T = / dy y"~ (r+ )+ / dy y*~ ' (r +y)**
0 O/y M v\
Generates the logs through the region » <« A <« 1 analytic (no logs) across r=0
HJM Logs are global!

* However, the power corrections to the HIM logs are problematic

M
/ dy yb_l(”l“ + y)a—|—1 -~ Tl—l—a—i—b 4+ O?“QMG—H)_l
0
Equally important as leading term when a,b ~ 1

(around the same region as the Sudakov Landau pole)



Sudakov Landau Pole & Power Corrections (Toy Example)

. . g=|0.1l L
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1 - _
r —=e 2a ~0.001F ]
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™ PRELIMINARY 0000 0005 0010 | 0015 002
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| NLO
Gj J
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2
0
- O.éO o | | 0.25 | | o O.éO o | | 0.55 | o | 0.40

Je)
* Thus, power corrections can be parametrically important as resummation near the pole, and some care
needs to be taken to extend the resummation.



Future Work

Understanding the shoulder resummation @ and beyond NLL
Fitting to data, to see if HIM fit discrepancy is resolved
Understanding where FO calculations are valid (generically expect Sudakov shoulders at all n-jet thrust thresholds)

Compute the C parameter shoulder logs in SCET framework @NLL and beyond

Thanks for listening! Questions?
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