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Resummation methods

In heavy av or production

Pav el Nadolsk 'y
P N., N. Kidonakis, E I. Olness, C.-P Yuan, Phys Rev, D67, 074015 (2003)
S.Berge, PN., E I. Olness, C.-P. Yuan, in prepar ation

3 Systematic calculation of differential distributions in reactions with
heavy quar ksH (H =c, b;or t) in perturbativ e QCD in the presence
of 3 distinct momentum scales (Q; My, and oy)

3 Relieson usage of a massive variable av or number (VFN) factor -
Ization scheme
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Heavy- av or contr ibutions to W & Z boson production
at hadr on collider s

Example: c+ s! W + X

3 Relevant momentum scales 3 Relevant kinem atic region
" heavy quar k massM y 5 5 5
o ocp My Q
Virtuality Q of the W bo- 5

son 0 ar

transverse momentum o o 5
of of the W boson including ar M
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Measur ement of W-boson massMy at the Tevatron
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The measurement of Myy relies on predicting d =dgr at gr ! 0 with
high precision!
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Heavy av or contr ibutions in vector boson production

Tevatron Run-2 (left); LHC (right)
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Char m contr ibutions in W production are sizable ( 8% and 26 %) and
much larger than in Z production
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It iswell known how to calculate d =dgr at ¢y ! O for masslessquar ks
(resumm ation for InP(g%=Q?))

Masslessappr oximation ignoresterms M 3=¢%, which may be impor -

tant at small gt
1

0

1 _1% 1 §
2 2 A2 2
Gr + M§ quJfMFT%

Estimate of masseffects would requir e simultaneous calculation of the
sums
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QCD factor ization at small gr and Q%  fmgg
(Collins, Soper, Sterman, 1985)

Finite-order (FO) factor ization Small-gr factor ization

2 2 2
éCD o Q° oco O Q

Solution for all G




Factor ization at ¢t

Q

Realized in the space of the impact

d AB1 VX X
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a;b=g; u’; d ;i

In the perturbativ e region (b? 1=

X
Wan(b; Q; xa; XB) vj e
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par ameter b (conjug ate to gr)

2 d2p

(2 )°

e " Dy, (b;Q; xa; xB)

2 .
ocp):

S(BQAP(xa; D) P y(xg; b);

d" %kre KT Op,(x; kT)

fil(Xa; F:D)

£ b) are calcula ble in PQCD
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Failure of the masslessapproximation at b 1=My

To calculate the Fourier integr al, P a(x; b) must be de ned inthe whole
range 0 b 1

Pa(x; b) at O( s) inthe masslessand massive VFN schemes

Charm quark PDF: Effect of the charm quark mass 20 Bottom quark PDF: Effect of the bottom quark mass
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b, GeV ! m=M, m=Mp b, GeVv'?!
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Failure of the masslessapproximation at b 1=My (continued)

Bottom quark PDF: Effect of the bottom quark mass

20 - —
17.5 _— Massive F 1_b
15 f - Massless
| X =001 MasslessP a(x; b)
125 ,
o] i .
X 10 3 under estimates the
N g mass-dependent
5 resultat b. 1=My
2.5 ¥ ————————______: 3 isil-dened at
o 02 04 06 08 1 b& 1=My

m=My b, GeVv !

Massive P a(x; b)

3 reduces to the masslessresult at b 1=M7 ( 2 M§3)

3 vanishes at ¥  1=M 3 (decoupling)

3 isautom atically continuous at the switching point ( g = My)
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Ot resumm ation for DISheavy
av or productio n

ep! e@X
Relevant momentum scales:

1GeV? M3 Q2 ¢f

(P N., Kidonakis, Olness, Yuan, Phys. Rev. D67, 074015 (2003))
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Heavy av or production in semi-inclusive deep inelastic scatter ing
(SIDIS)

e+ p! e+ c+ X
e+ p! e+ b+ X

QZ - q2
g
D
P
0 W X
p
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Pavatr o “
Or IS a rescaled transverse ~ T L C =0
A =
momentum, related to the PHA
polar angle in the Breit §

frame

= 7
Target fragmentation Current fragmentation

< e
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Factor i1zation
for
kt-integr ated PDF'sfa(x; Q%)
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Are heavy quar ks activ e par tons?

Fixed Havor Number (FFN)scheme MasslessVariable Havor Number

scheme
My 6 0 for all Q2 M3 My = 0 for all Q2 M3
4-flavor O () NLO
3-flavor O(c.2) MG
o2 In2( )
Fr(x.Q)
F.o(x,Q)
Vel
NLO
QZ
QZ
massless quark
massive quark 4
X
R IN™(Q2%=M 2
%/"’hard" part fe=p(X; Q%) AV (?nl )
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Massive variable av or number schemes

(Collins, 1998; Aivasis et al.; Chuv akin et
al.: Thorme, Roberts; Kniehl et al.: Buza et

Fo(x,Q)

al.; Cacciar iet al.; ...)

3 flavor

QZ

- !

X 1d X M

FS(x; Q;Mpy) = o —Cc¢ a(—; Q. H) fa( —)+O Qch
a = My Q

imgip  C exists;no terms O(My =Q) In the rem ainder

Aivasis, Collins, + >—R -
X S ]_—4—

Olness, Tung »
(ACOT, 1994) 99>
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Simplied ACO Tscheme
(Collins, 1998; Kramer , Olness, Soper, 2000)

N

N

3 SetMpy = 0in coef cient functions for incoming heavy quar ks
3 Not an approximation (exact factor ization scheme)

3 Signicantly simpli es calculations

3 Quar k-initiated process from the masslesscalculation

3 Close to the con ventional ACO Tscheme numer ically
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The Analytic Result for FH(x.Q%)

Which would you prefer to calculate?
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Resummation for heavy av ors: our procedur e

1. Start from the resummed form factor for mg6 0O; any b(CSS 1985)

X o .
W (b;Q;x; z) = | ejZP ﬁu:tj (z;b;fmgg) P J!n:A(x; b;f mqQ)
8 21 2 L 39
< Cs;Q°d C5Q -
P, pp 7N Eo A(M) + B(MS,

2. Calculate W for My 6 0 from itsde nition using the simplied ACOT
scheme

3. M3 (ZQCD: per turbativ e QCD isapplica ble

Z
_ X 1
P LA (X; b;f mgg) =

X F
—G (= EbiDMp)f ooa( 5 —
2 192 M2 4 X G=al— F H) T az=al( M)
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Simplied ACO Tfactor ization scheme

A ] + \\ > = —

< »/ <

N

Set My = 0 in hard subgraphs with incoming heavy quar ks
Only graphs with explicit av or creation retain My 6 0

My isdropped inthe Sudakov factor S(b;Q) and functions ir(‘q(x; b ),
j“t(z;b £) with incoming heavy quar ks



Sudakov Resummation of Soft Gluon Radiation

singular distributions

> —_— e—S are smeared to physical
}%}ﬁm — distributions
q

Soa(b1Q!MH) fdzz{A( S’MH)In<_z) B( S’MH)} SNon Pert

ResUlt | In Simplified-ACOT scheme,  \@&«My) = A@;0)
we obtain: B(a,M,) = B(a,0)
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oo R ]
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- ~—
Sewa
T

-
- -\

C & J
cancel each other

contains all terms/ (My=Q)"at Q My and correctly sums large
logs at Q2 M3
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O( g) resummed crosssection
Simplied ACOTscheme was used
) My 6 0 only in the gluon-initiated channels
Only q%(x; b:M: E) retains mass
+ derived from the ky-dependent PDF as de-
scribed by Collins & Soper, 1981 N\ 4
‘ dy d 1 1
in . . . _ y yT iXp*y + iRr ¥ —> i
Pj:A(X,RT,M,)— —(2 )Ze pry + iRy 11
" /! | N

ol O3y Syr)—- (0 Ip

inthe gauge A =0, 2<0: = (p )3 j%! 1
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My 6 O suppressescontr ibutions from 1=b. My

f(h) v _ 0. |\/||_|6 (O
T Pac(X)Ko (M b)

2e E (modi ed
Besselfunction)

; Paa(X) In

b,GeV -1
0.7
’ VM In (bM/ty)
-2 L 17]:2 - Massless
2 2
For M w oCD: the resummed ~d
crosssection can be calculated without the non- ..

per turbativ e input from b ocp! i
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Heavy av or production at epcollider HERA

ZEUS 1996-97
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30 70% of published cross
section for char m produc-

tion is reconstr ucted by ex-
“ wee trapolation using a theo-
retical model (currently 3-
av or number factor ization
scheme)
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Resummed cross section can be used for consistent extrapolation of
differential distributions in the whole range My Q 1
) Monte-Car lo integr ator in the S-ACO Tscheme
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Distributions of bottom quar ksinthe pc.m. frame
Threshold region Q = 5 GeV

x =0.05, Q =5 GeV

l" \<\‘
"' N\ . SUB

20 40 60 80 100

TOT= RESt FO SUB FO

g Sep = 300 GeV; My = 4:5 GeV; CTEQ5HQ PDFs; Peter son FF's; SNP(b;Q) = 0;

bnax = 1:123 GeV !
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Distributions of bottom quar ksinthe pc.m. frame
Q = 50 GeV

dxdQ“dg GeV x = 0.05, Q =50 GeV

0 5 10 15 0 *
B! O: ToT (solid) RE s(dot-dashed )
B 0: TOT(SO“d) Fo(dashed )

Enhancement of 25% in Ff(x; Q2) as compar ed to FFN
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Back to W boson production...
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Massive vs. masslessresults for d (pp! W™ X)=dgr

PHE W X (G =1960 GeV) PE W X @ =1960 GeV)
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Stong effect of Mc on the charm | put effect is small as compar ed
contr ibution at gr < 15 GeV ... to other channels
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Efect on electr on pt

pB W' X5 en X (Gs=1960 GeV)
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Efect of Mc 6 O islarger in W boson production at the LHC
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Summary

3 New procedur e (CSS+ACOT) for resumm ation in heavy av or pro-
duction

CSSresumm ation for three momentum scales (g1;Q; My)

Resummation that does not use the dimensional regular ization
for collinear singularities

Correct behavior at the threshold

Very soft physics suppressed by M 3 éC .
nonper turbativ e Sudako v contr ibutions can be dropped

3 At Q? M2, event rate enhancement ascompar ed to the xed-
av or number factor ization scheme

Larger reconstr ucted cm;b(x; Q2) at HERA

3 Effects of M & 0 on the measurement of M,y inthe Tevatron Run-
2 are not substantial
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Future applications
3 Of §) av or creation contr ibution to the resummed piece

3 Higgs boson production in 2 Higgs-doublet model
b+ b! Higgs+ X,b+ b! b+ Higgs+ X

3 Single-top production at the Tevatron, e.g. ub! dt




