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Motivation

1
* Heavy quark masses:  Loussic = — 7 FapFs” + D Gal(iD —mg)ap v

flavors ¢

Fields, couplings, masses in classic action are bare quantities that need
to be renormalized to have (any) physical relevance
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Monte-Carlo Mass

o A perturbative
Most versatile and flexible tool 55 :
Can be applied for any observable - +Q
Mass scheme unclear .2
BUT: short-distance mass {57 Parton-
with scale R=Aq, o
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Motivation

* Total cross sections: _ | |  Germvemeones
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* normalization dependent 0= 30— 3as 380 355 360 166 170 175 180 185 190
\s [GeV] m® (GeV)

r — Cancellation of IR sensitivity in self energy and interaction
94 > 6 between quarks.

Op = C(u) - (WhoXtp)+o  H(S)
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Total ttbar Cross Section (ILC)

Status of NNLL (QCD) predictions:

¢ AIINNLL QCD effects known since 2000 except for NNLL RG-evolution of leading S-
wave production current Wilson coefficient c,.

® Non-mixing NNLL corrections to anom.dim. known since 2006 (apparently only
computable in yYNRQCD Hoang (2006)

[ J

Mixing usoft NNLL corrections to anom.dim. since 2011  Hoang, Stahlhofen (2007,2011)
Pineda (2011)

@ me o« e o . Non-mixing: from UV-div’s of 3-
Sl A S - - loop vertex corrections

LCWS 2013, The University of Tokyo



Total ttbar Cross Section (ILC)

Status of NNLL (QCD) predictions:

® Al NNLL QCD effects known since 2000 except for NNLL RG-evolution of leading S-
wave production current Wilson coefficient c,.

Non-mixing NNLL corrections to anom.dim. known since 2006 (apparently only
computable in yYNRQCD Hoang (2006)

® Mixing usoft NNLL corrections to anom.dim. since 2011 Hoang, Stahlhofen (2007,2011)
Pineda (2011) [pPNRQCD]

Mixing: 2-loop anom. dim.’s of
coefficients in NLL anom.dim. of c,.

Known soft corrections (spin-
dependent) tiny.

LCWS 2013, The University of Tokyo



Total ttbar Cross Section (ILC)

Status of NNLL (QCD) predictions:

Hoang, Stahlhofen (2013)

NNLL | (dashed), &NNLL  (solid)

~~~~~~~~~~~ 0 00__r_1fr3,_s_o_f'_c nm,sof
~~~~~~~~~ NNLL NNLL
1.02 = gnm,soft—i_é‘m,softl NLL
—0.02 m,usoft
1.00" : » :
0.1 0.2 03 04 0.5 0.1 0.2 03 04 0.5

y y
Uncertainty in NNLL evolution due to missing soft mixing corrections small
Evolution of c, stable

Huge cancellations between mixing and non-mixing corrections
Non-mixing corrections contain logs from NNNNLO fixed order !!

LCWS 2013, The University of Tokyo



Motivation

* Jet cross sections with massive quarks: — mass reconstruction for a
 invariant mass distribution o = single quark
- event shapes ¢ | 140 °f
o jettiness ';5;1500 6=10.6 GeV o du I
« end-point reconstruction - A
1000 10| '
i
500 St !
0 . 1 e |72 stecn enal ]
0 0.0 0.1 0.2 03 04
0 100 200 300 400 T
Mub (GeV) \ s:\oft particles
— color neutralization (collinear): jet functions " N\ /
— color neutralization (soft):  soft functions - ==
d20- » Q a) b) ) :ffff
B —— = 0 H s M H ('ITL, —, s ) @ o
(dw th-Z)hemi 0 Ho(@: fon) B 11 20 s 1 iy ot

x / artde B, (50 - ?—f D) B (s - % D, 1) Shemi(£5, £, 1)
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Fleming, Mantry, Stewart, AH (2008)
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Motivation / Status for Top

* Top invariant mass distribution for e*e-:  Fleming, Mantry, Stewart, AH (2008)
» Top peak region for hemisphere jets ,
* Full NLO calculation (+summation at NNLL) d”o
« Jet mass definition m,(R=I") dM, dMg
+ Relation to the MSbar mass  AH, Stewart 0.02
- Two-Loop B-jet function Jain, Scimemi, Stewart i
G TR NN 0.01
« Two-loop soft function Schwartz etal, "t"’#‘%:::}:t‘:::'
Gritschacher etal., 172 > 0.00
/174
my 176 -
M7 178 \\\ M, (GeV)
(GeV) 120 1?2
S
Control of scheme dependence Contr. of scheme dependence "

[ S l

P m A
MPE = my + Ty (s + a2 +...) + /—T(()zs ol ) R0 4 oD

my 1M Pr
* NNLO;y,, to be published soon Pathak, Pietrulewicz, Stewart, AH
* Generalization to LHC: w.i.p. Mantry, Pathak,, Stewart, AH
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Prelude

This talk:

— Role of massive quarks (m, > Aqcp, for all cases)
— Full systematics of massive quarks in jets
— Account for mass-dependent and ALL OTHER logarithms
— Can we “measure” the MC mass?
o~ HXxJ®S5S®A “profile functions”
_ -'1‘ pa ~ Q
f g ~ QVT
-1 observable
[ dependent ;
T S A
B m
B =
- -—./......................7‘
0.0V 0.1 0.2 0.3 04 0.5
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Outline

* Plain fixed-order vs. RG-improved: R-ratio for massless quarks

* R-ratio with a massive quark — CWZ (VEN) scheme for a,

 ACOT (VEN) scheme for parton distribution functions

(initial state jets) /p /p

* VFN scheme for final state jets: m

Simplest non-trivial case:
* Massless primary
* Massive secondary \ \
o gte- P p
CWZ: Collins - Wilczek - Zee
Outlook and Conclusions ACOT: Aivazis - Collins - Olness - Tung

/

* In collaboration with: P. Pietrulewicz, |. Jemos, S. Gritschacher

arXiv:1302.4743 (PRD 88, 034021 (2013))
arXiv:1309.6251 (PRD 89, 014035 (2013))

More papers to come
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Fixed-Order vs. RGI

R-ratio for massless quarks: — valid up to term O(m?./s)

~ Im [—7)/dxeix'q<0’Tj“(x)ju(0)’O>]

— vector current conserved: not renormalized
— UV divergences only related to strong coupling + field renorm.
— MSbar result for any scale p,

B — o(ete” — hadrons)

o(ete” — ptp~)

2

= e { e el) U [ B ()]

4

mheavy

I T

* oo — no large logarithms for p, ~ Vs
— /s characteristic scale

(4m)

ﬂo = 11— gnligh‘c

o yafi m e 1.

T2

q

— Same calculation applies also if there is an
ultramassive quark with my.,,, > Vs (up to terms O(s/m?e41y) ‘L

— Decoupling of very heavy degrees of freedom — Mg
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R-ratio with a Massive Quark

— no hierarchy between m and Vs

— approximations m<\'s or m>+'s not applicable

olete” — ptpu~) — full mass-dependent matrix elements and phase space
— renormalization scheme for the massive quark

B — o(eTe™ — hadrons)

Virtual quarks:

- mheavy
2 2
i(quay — 9uq”) T(q) T
T s 1 1 2 1 — 2 .
_ @ [——2/ dxx(l—a;)lnm2 z 237)((1 +’L€):|
T € 0 L
Choice 1: — MSbar for nj,,, quarks and massive quark m
— strong coupling o™ (1) with 8y = 11 — 2/3(n; + 1) s
* R calculation stable for m~Vs but also for m<+/s (calculation
smoothly approaches the massless result)
* R calculation with large logarithm for m>+'s
(ni+1) (ni+1) 2 T, RM) 2 \4
_po) 9 () pay (s () @ , Iy m e —
Ry = 10 1 g (DO e TR0 L
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R-ratio with a Massive Quark

— no hierarchy between m and Vs

— approximations m<\'s or m>+'s not applicable

olete” — ptpu~) — full mass-dependent matrix elements and phase space
— renormalization scheme for the massive quark

o(eTe™ — hadrons)

R =

Virtual quarks:

T_ mheavy
2 2
i(quqy — 9q”) (q7)
C Tras [ 1 ! 2 —a(l—a)(g®+1i
_ @ [——2/ dxx(l—a;)lnm2 z 237)((1 + t€)
T € 0 L
Choice 2:  — MSbar for n,, quarks, on-shell for massive quark (subtract I1(0)) m
— strong coupling o™ (1) with Gy = 11 — 2/3n, —T— s
* R calculation stable for m~Vs but also for m>> s
® (calculation smoothly approaches the decoupling result)
® R calculation with large logarithm for m<+/s ‘L
(ni+1) (+1) (o T. RO 2 A
R(s) = R© + O‘S—(S)R(l) I (O‘S—(S)) [R@) LR, m } ... == mygy
s s 3 S
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R-ratio with a Massive Quark

— no hierarchy between m and Vs

— approximations m<\'s or m>+'s not applicable

olete” — ptpu~) — full mass-dependent matrix elements and phase space
— renormalization scheme for the massive quark

o(eTe™ — hadrons)

R =

Virtual quarks:

m,

m,

mheavy

— Choice 1 and choice 2 are equally good for p ~ Vs ~m
— Scheme relation for the strong coupling:

o™ (1) = ™) (1+

Tral™ ™ (1) ™ )
n + ...
3 2

— Variable flavor number scheme: Choice 1 for p~s > m
(VFN) Choice 2 fory ~Vs <m
Swap 1<2at Vs ~ y, ~m

— Full m?/s dependence without approximations and w.o. any large logarithms

A\ 4
Collins - Wilczek - Zee (CWZ) scheme — comes at the cost of ——

o Might
additional y,,-dependence
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R-ratio with a Massive Quark

— no hierarchy between m and Vs

— approximations m<\'s or m>+'s not applicable

olete” — ptpu~) — full mass-dependent matrix elements and phase space
— renormalization scheme for the massive quark

o(eTe™ — hadrons)

R =

Virtual quarks:

m,

m,

N Mpeavy
— Zero-Mass Variable flavor number: (ZM-VFEN)
Use agnl“)(u) fory~+s >m @ massive quark treated massless
Use o™ (u) forp~<s <m e massive quark decoupled m
\s
— Very simple implementation (in lack of full information)
— Gap in the description for y ~Vs ~m
— Useful as long as kinematic region Vs ~ m not crucial
Y
— Might
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ACOT Scheme for Hadron Collisions

_ _ Q2 — _q2
e.g. Deep Inelastic Scattering: do(e pdgde + X) "314 | o
X |
— consider all quarks as as light (m, <A) L i N
— quark number operators with an anomalous dimension
between proton states — DGLAP equations ,1/611” i NS
— Hadronic tensor: l ; |
N N
W @z) ~ > fali) © wu (Q. 2, ) —— Q

partons a

— u-dependence with DGLAP equations for (light) parton distribution functions

3 [qi(x, 0% _oz(Q' /dE
J1n 02 (g(.\'- Qz)) Z

X X 3
P, - (7. - N _)_. N ~
x R’“"’:(E g ')) Fus ( @ )) (q-f‘-f~Q") (11)
Raw_f (%‘ o8 (Q: )) P“ (g' a\(Qz )) g(E‘ Q—) |
S A
do a2 9 — m
S(Q2) _ _50 s(Q) I ﬁo — 11 — S Mlight RN E— light
dln @ (4m) 3
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ACOT Scheme for Hadron Collisions

do(e™p — e~ + X) .
dQ) dx ’l/[/]

— realistic case: massive quarks with Q > m > A p/
(charm, bottom [top])

e.g. Deep Inelastic Scattering:

— Hadronic tensor: g

",
Wi (m, Q) ~ > f D (1) @ wy (m, Q) ]

a:q7gaQ P/
ACOT scheme: A

2

/

®* DGLAP evolution for n, flavors for y < m (only light quarks)
®* DGLAP evolution for n+1 flavors for y = m (light quarks + massive quark)
® Flavor matching for a4 and the pdfs at y,, ~ m

n 1 n
fcg,gl,—lé_? Hom) Z gQIa m Mm)@)f( l)( m)

a=q,g v

— hard coefficient w,,,(m,Q,x) approaches massless w,,(Q,x) for m—0
— calculations of w,, (m,Q,x) involves subtraction of pdf IR mass singularities N

— full dependence on m/Q without any large logarithms —— Mgy
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Final State Jets in SCET,

Bauer, Fleming, Luke
Bauer, Fleming, Pirjol,

consider: dijet in e*e-annihilation, all quarks are light (m_, <A
- J g ght (mq <A) Stewart
2
pS Q/\ p_ ~ Q
pL~ QA
n < n
n* = (1,0,0,1) At = (1,0,0, 1)
nt nt
o +7
b p 9 +p 9 +p1
p’=p pt+pl
mode Pt =(+—1)| p° fields
hard Q(1,1,1) Q? —
n-collinear Q(N\?,1,)) QN2 | ¢, AK
A-collinear | Q(1,)\2,)) QPN | &, AM
ultrasoft QN2 N2 0% | QP\* | qus, AL

do=H - TRS
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Final State Jets in SCET,

— consider: dijet in e*e-annihilation, all quarks are light (m, </)

e.g. Thrust: Z |£. ~
|t - pil
T=max=<——-+— 7=1-T
¢ Ez |7i
ALEPH, DELPHI, .3, OPAL, SLD
20¢ /
%g—g 1 peak » T=0
15 . 2]ets + soft radiation /
SR
0"«
;& tall
5 . 2 jets, 3 jets
:' Tt eacan
0 | |7 S e aiein een loce.s aian J
0.0 0.1 0.2 03 04
T

Schwartz

d
e QzaoHo(Q, 1) / dl Jo(Ql, 1) So (QT — £, 1) Fleming, AH, Mantry, Stewart

Bauer, Fleming, Lee, Sterman

dr
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Final State Jets in SCET,

do
d = Q UoHo O ,LL dﬁ Jo QE ,u) So (Q’T — 6 ,LL)
-
0, T 0 i) pr ~ Q
ldo | :
o dt [ r
IS5t
[
0F"
i
St . ‘%‘é; s ~ QT observable-dependent
) VvV Q@Aqep profile functions
0 : L e e el o J Ay F -
0.0 0.1 0.2 0.3 04 0 0.1 0.2 0.3 0.4 0.5
T
Ho@ o "M 1 — evolution with n, light quark flavors
U, Un| |Us Ho — consistency conditions w.r. to
Jo(m, ) X | ¥ different evolution choices
U Uses — top-down evolution considered
Us > Ho | Unaf |Urg in the following
S(A’ uA) Y YYy

" \___/
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VFN Scheme for Final State Jets

Gritschacher, AH,

— consider: dijet in e*e-annihilation, n, light quarks ® one massive quark Jemos, Pietrulewicz

— obvious: (n+1)-evolution for y = m and (nj)-evolution for y <m

— obvious: different EFT scenarios w.r. to mass vs. Q —J — S scales

“profile functions”

0 pH ~ Q
L] ~ T
i~ QVL —
m \ 4
L ng
V@AqeD ¢
Ao =2 . AN
0. 0.3 0.4 0.5

— Deal with collinear and soft “mass modes”

— Additional power counting parameter Am = m/Q

mode | p" = (+,—, 1)

ncoll MM | Q(\5,1,Am)
soft MM Q(Am, Amy Am)

33

Aims:

Full mass dependence (little room for any
strong hierarchies): decoupling, massless limit

Smooth connections between different EFTs

Determination of flavor matching for current-,
jet- and soft-evolution

Reconcile problem of SCET,-type rapidity
divergences

'12/Q L ,’,'
.
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VFN Scheme for Final State Jets

Simplest non-trivial case to study:

— massless primary quark dijet production in e*e-annihilation:
n, light quarks ® one massive quark arise only through secondary production

V.

p p

— does not lead to bHQET-type theory when

/o N\

m
the jet scale approaches the quark mass
\ — only SCET-type theories
Y Y
0 [ pH ~ Q

VQAqgep k

Aqep
“ 0.0
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VFN Scheme for Final State Jets

Simplest non-trivial case to study:

— massless primary quark dijet production in e*e-annihilation:
n, light quarks ® one massive quark arise only through secondary production

/ — field theory: close relation to the problem
of massive gauge boson radiation

=

— dispersion relation: massive quark results
can be obtained directly from massive gluon
calculations when quark pair treated inclusively

(e.g. hard coefficient, jet function)

Iy o .
/ me‘O@m@ - c f I (womooo) < Tm [Lf Y4
i M

¢ — M?

/q — separation of conceptual issues to be resolved
and calculations issues related to gluon splitting.

& <
3
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VFN Scheme for Final State Jets

Scenario 1: A\, >1>A>A (m>Q>J>8S)

® EFT only contains light quarks
® Massive quark only in current matching coeff.
® Decoupling for m/Q —

MITP High Precision WS, March 20, 2014



VFN Scheme for Final State Jets

1231
p ‘hard’ integrate out mass modes at QCD level
o 2
52 ~ [ ()| U (um, pis)
s x [ dt [ dsdo(s) UP(QL = s, s, j1) So (Qr — £, pus)
U, U): massless evolution factors
" T co ML, C' (1) = Co(un) + 0F3"
Co: massless matching coefficient
§FR“P: massive full theory contribution (OS)
— decoupling for M/Q — oo
— |IR-divergent expression for M/Q — 0
us LY

soft ML
Ui(o) stands for: (a) massive gluon integrated out

(b) (n,)-evolution

ML = massless
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VFN Scheme for Final State Jets

Scenario 2: 1>A,>A>AN (Q>m>J>8)

»>

QAmf ® Massive modes only virtual
¢ Jet and soft function as in massless case
AT ® Hard coefficient must have massless limit
et ®* Known Sudakov problem for massive gauge
boson
S : - » P
QX QX QAm Q Chiu, Golf, Kelley, Manohar

Chiu, Fuhrer, Hoang, Kelley
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VFN Scheme for Final State Jets

HHg Frm==== "
= thard;
N mass modes enter SCET, but integrated out before the jet scale
MM - §
scoll. MM : e - I 2 1 2 0
| o andt B |8~ 1S " U Gats ) IMisGuan) P U (o, as)
Il [ FE| x [ de [ dsdo(s, ps) UP(QL — s, g, 1s) So (Qr — £, us)
" 11.ML (1). i (1) (0)
coll. U,,’: evolution factor (v,,” = 2v,,’)
C"(un) = C'(un) — SF5' (1ar)
SFET- massive SCET contribution
N’va (O)
soft ML U, stands for: (a)massive gluon integrated out

b) (n,)-evolution

ML = massless
MM = mass mode

(
(

Ui(l) stands for: (a)massive gluon dynamical
(b) (n+1)-evolution
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VFN Scheme for Final State Jets

Scenario 2: mass mode SCET calculation

- p /p /p
g’s [ o W

~ ~ ®\
\ \\ \ @ Wfb
\pl \p/ ~ _/ —_ = = — — —
Va Va V.

p

S

2 2 2
SFE(Q. M, ) = 25F {m (%) [mn (‘ufz) _n (%) _ 3] S g}

Chiu, Golf, Kelley, Manohar (2008)
Chiu, Fuhrer, Hoang, Kelley, Manohar (2009)

large logarithm In (f—f) cancels between ¢’ and §F:!!
H

correct massless limit for ¢ (14):

QM. ) = C(Q, M, jy) — 5F5(Q. M. 1) "28 2Co(Q, )
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VFN Scheme for Final State Jets

Scenario 3: 1>A>A >N (Q>J>m>8S)

QAT
®  Current evolution unchanged w.r. to Scen. 2

®* Hard coefficient must have massless limit

* Jet function must have massless limit

® Massive and massless collinear in same sector
®* Collinear mass modes integrated out at m

QAmf
Q>\2 L
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VFN Scheme for Final State Jets

HH Fro==== 1
thard ;
e mass modes enter jet sector,
~ but integrated out before the soft scale
2
92~ |C"(ur)[" UL (s ) | M) P U (o, ps)
x [dt [ds [ds" [ds"Jyim(s. ) U(S = s, g, pm)
1Ly X My(s" — s, um) USO)(S" — QU pm, p1s) So (Qr — £, ps)
coll. MLL -
r(;(-)il-i\-/f".i g J S _ J S ) 5Jvirt S O(s M2 6Jreal S
pif it 5| Som(S: 110) = (S, pa) + 0Jm7(S, ) + 68 = M7) 0 7(s)
150 ' .
ON | ’ *qé oJy" virtual piece of jet function (distributive structure)
sJi": real radiation piece of jet function (function)
Hs
soft ML

L A, &,
J, g J.

ML = massless
MM = mass mode
M = massive
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VFN Scheme for Final State Jets

HH Fro==== 1
:hard ;
Of mass modes enter jet sector,
~ but integrated out before the soft scale
- 2 (1 0
92~ |C"(n)|* US (pavty ) | M () 2 U (s i)
x [dt [ds [ds" [ds"Jyim(s. ) U(S = s, g, pm)
. x My(s" — ', ) UD(s" — QU pm, 1s) So (Qr — £, us)
coll. MLL -
r(;(-)il-i\-/f".i g J S _ J S 5Jvirt S O(s M2 6Jreal S
150 ' .
ON | ’ *g oJy" virtual piece of jet function (distributive structure)
sJi": real radiation piece of jet function (function)
IS
soft ML Matching to full theory:
— MP(@Pr, M, 1) = QP5(7) — 53" (QPr, M, )
ML = massless Continuity Scenario 2 <« Scenario 3: (“consistency condition”)
MM = mass mode
M = massive — J0+m(S, ,LLJ) MJ(S, ,LLJ) = Jo(S, ,uJ) (for s < m2)

MITP High Precision WS, March 20, 2014



VFN Scheme for Final State Jets

Scenario4: 1>A>AN>A (Q>J>S>m)

2k
X ®  Current evolution unchanged w.r. to Scen. 2

® Jet function and evolution as in Scen. 2

® Massive and massless coll. modes same sector
® Massive and massless soft modes same sector

® Hard coefficient, jet and soft function must have
massless limit

® All RG-evolution for (n+1) flavors

Q)\Q-

QA
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VFN Scheme for Final State Jets

HJ

coll. ML
coll.M

Hs

soft ML
soft M

M

ML = massless
M = massive

mass modes enter all sectors

do .,

9~ | (i) | U (1, 1)
x [ dt [ dsdoim(s,ps) U (QE = s, g, 1s) Sorm (Qr — 0, jus)

80+m(£, IUS) — So(f, /‘LS) + 53;;?((\ /‘LS) + 9(6 o M) 58;7%‘1](()
5 Sy virtual piece of massive soft function (distributive structure)

5 S real radiation piece of massive soft function (function)
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VFN Scheme for Final State Jets

mass modes enter all sectors

o~ {C”(MH)|2 U (s, ps)
x [ de [ dsdorm(s, 1) USP(QU = s, 1, pis) Soam (QT — £, pis)

Sorm(l, 11s) = So(l, pus) + SSU (L, ps) + O£ — M) 5SE(¢)

HJ
5 Sy virtual piece of massive soft function (distributive structure)

coll. ML
coll.M

5 S real radiation piece of massive soft function (function)

No matching correction:
— agreement with expanded full theory result at fixed order

S

soft ML
soft M
HM Continuity Scenario 3 <« Scenario 4: (“consistency condition”)
ML = massless 2Re [0F51(Q, 1) 6(7) — QPodm™ (QPr, 1) — QS (Qr, ) =0
— consistency relation between virtual modes
MITP High Precision WS, March 20, 2014




VFN Scheme for Final State Jets

Important role of consistency relation: soft — jet — hard for scenario lll

thard: thard
&
alternative description in bottom-up running (x ~ un):
do ., ‘C”(‘f””z [defde [ [ dsas
X U.(/ )(3 — 8" g, pn) Jo(S' 1) U(S )(f" —S/Q, um, pLH)
x Ms(l' =", ) U (€ — €, s, pum) So (Qr — £, us)
g
coll. ML coll. MLL
icolLM i colLM Ms(4, ) = 8(£) + 5S4, um)
S [ SR W
< < consistency relation:| Ms(. i) = Q | Mu(pm)|? My(QL, piy)
jis /s TR () YT (1)
L — similarly: Ug’ (¢, s, um) = QUL (um, 1ns) Uy (QY, puu, pes)
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VFN Scheme for Final State Jets

Numerical results: secondary bottom effects (Q=14 GeV)
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VFN Scheme for Final State Jets

Numerical results: secondary bottom effects (Q=35 GeV)

Possible effect on as-determination

massive vs. massless as(Mz) = 0.119 vs. as(M;) = 0.118
1 do 1 do
o, dr 07);
15} ¢ 15:_
10t 10}
11 v :
| \ 5:
0.0d - 005 - 010 - I0.|15‘ - 020 - 025 . IEBOT 0.00 0.65 O.IIO O.|]5 0.‘20 O.I25 T3OT
relative deviation relative deviation
massive vs. massless as(Mz) =0.119 vs. as(M;) = 0.118
1 do
o, dr
: 0.02
: 0.01
] 005 1 010 015 020 025 030 0.00 / ' : : o
~0.01 E _0.01 0.05 0.10 0.15 0.20 0.25 0.30
-0.02 11 i v -0.02
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VFN Scheme for Final State Jets

Numerical results: secondary top quark effects (Q=500 GeV)

@ Q=500GeV < ILC
@ comparison of ML (6 light g) and M (5 light g + massive t) thrust distribution

@ default values: as(M;) = 0.118, m; = 175 GeV

Thrust distribution: massive vs. massless

I v
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VFN Scheme for Final State Jets

Consistency check: continuous transition and correct limiting behaviour

Thrust distribution: Q = 500 GeV, 7 = 0.15 fixed, vary mass
massless limit (6 flavors): dashed
decoupling limit (5 flavors): dotted
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VFN Scheme for Final State Jets

Comparison with Zero-Mass VFN scheme:

Thrust distribution: 7 = 0.15, m; = 175 GeV fixed, vary Q
massless limit (6 flavours): dashed
decoupling limit (5 flavours): dotted
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Outlook & Conclusion

Conclusion: /p /
— VFN Scheme for final state jets %
This talk:/ 2 /p Upcoming: \m

m \ p/ p/
/ p p

\\, \ /m

p p

— Upcoming: m \m

— Combination with ACOT scheme for PDFs (DIS) v v
— beam functions
— etc.

— Conceptually important.
— Relevant issues where VFN scheme for jets is important:

— (top) mass measurement from jets (reconstruction)
— MC mass systematics (Is the MC a more model OR more QCD?
— intrinsic charm and charm mass determinations (e.g. DIS)
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VFN Scheme for Final State Jets

Scenario 3: Jet function m @
ﬁ -® ®V---® ®--F=--®
J, Jp J.

diagram J; individually not well-defined — soft-bin subtractions are crucial!

ddm ~ Ja — Jaom + Jb + Je

Josm(S, M, 1) = do(s, ) + 65 (s, M, 1) + 6(s — M?) 5J (s, M)

isaito. 0 =57 {o@) [~ () ~omn () w0 —2et] v (2) [*7] }

_ asCr {Z(Mz—s)(33+M2) L8 In( s )}

real
OJm” (8, M) = 47 s3 B

— 0Jy" = virtual radiation (3 = s/p?)
— 0J5"" = real radiation for s > M?, continuous: 6J5" (s = M?, M) =0

— correct massless limit: Jom(s, M, 11y) i 2Jo(S, 11g)
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VFN Scheme for Final State Jets

Scenario 4: Soft function

rapidity divergences in S; and Sy, (not regularized by DIMREG)
— we use an analytic regulator ([ dk™ — [dk™ (££)”) Ssmirnov (1995)
—)Sa:O,(sSm:Sb

S()+m ([~ Ma N) — So(f, /J') + 5S;T]7n(£ Ma ,U) + Q(E o M) 58;;’31&1(6 M)
. B 2 2 2 =
wosie(e M =222 Lo 2t (4 ) + T —em (B5) |22
47 3 .

2 p2 l

2
osi () =57 {5 (4 )

— S = virtual radiation (£ = ¢/p)
— 6S*" — real radiation for ¢ > M, continuous: 5SEN(l=M,M) =0

— correct massless limit: So.m(¢, M, ps) e 250(4, ns)
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VFN Scheme for Final State Jets

From massive gluons to secondary quarks:

p P
/ / — dispersion relation: massive quark results
can be obtained directly from massive gluon
M M calculations when quark pair treated inclusively

(e.g. hard coefficient, jet function)

. & T dMd? - aY
”MGC‘OM@ = L [ 5 (oooooooy)x Im [ ¥~ | ]
4m? M

@ — M?

m — explicit two-loop calculation needed when quarks

m m are treated exclusively
\ (e.g. soft function — hemisphere prescription)
Y 4
non-global
Gritschacher, AH, Jemos, logs

Pietrulewicz
arXiv:1309.6251

MIT Seminar, 11/25/2013



