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e
Estimation of PDF uncertainties in ResBos

The number of events per iteration should be of order 1000 to
reach the fastest convergence of VEGAS
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Estimation of PDF uncertainties in ResBos
if X*) and Ax2 =y (X(” — X,L.(*)) 2/4 are computed in

=1 %
2N = 44 independent Monte-Carlo runs with N events each,
their resulting estimates are given by

N2

A2 LN () )2 2, N
AX :4;(&. ~X )2~ ax + =7

Egi) is a random MC error dependent on the input PDF, arising.
e.g., from importance sampling

As a result of the PDF dependence of sﬁi), the eror AX~ — AX?2 s

increased by a factor N ~ 22

Solution: PDF reweighting
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FROOT: « simple interface for Monte-Carlo PDF reweighting

pp - (Z° - €' €) X, VS=1.96 TeV

105

I o(Eigenset 1)
1.04 — mfor 900,000 ResBos events
103 |

/7 These are the C functions accessible from Fortran.

extern "C" {
//Tnitialization of the ROOT file
void initrootnt (const char *title, const| char *access, int Lltitle, int laccess);
void reinitrootnt_(const char *access, int laccess);
void addntbranch_(float *element, const char *chtag, int ltag);
void fillntbranch_(const char *chtag, int ltag);
int getnumbranches_();
void rootntoutp_();
void printnt_();
void teststr_(const char *str, int lstr);

}//extern "C"

— Reweighted
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Measurement of 1/ and resummation

QCD uncertainties on My arise from

B the model for W boson’s recoil in the tfransverse plane

B parton distributions

do/dQr for W & Z bosons is predicted
by the resummation formalism, which
evaluates > a”In™(Q%/Q?) at °
QT — 0toall orders of s °
( Collins, Soper, Sterman, 1985) s

dofdqy, pbiGeV
]

uncertainty in nonperturbative resummed parameters go, g3

tfranslates into § My, of a few MeV

* DATA

—— BINY

— KN,C3=bq
KN, Cg=2bg

pp—(2%~e*e’) X, CDF run-1

0 1 2 3 4 5 6 7 8 o 10 1"
. GeV

Let’s discuss QCD theory behind these estimates

Pavel Nadolsky (SMU) W boson workshop, Fermilab 2010

October 5, 2010 4



-
QCD factorization at Qr — 0

Small-Q+ factorization B Readlized in space of the
Noop < Qf < Q? impact parameter b
‘ (conjugate to Q1)
B At NNLL accuracy, we
include perturbative
coefficients up to orders

./4(3) (from Moch, Viermaseren, Viogt, 2004);

B@ ;and ¢
d b

Q<2 () (
a,b=g, u.,d

doap_vx

7LqT byrr
102 dyd QR Wap(b, Q, 24, 25)

Wab(b7anAa$B) |Hub| e bQ)fP(L(rz%b)fb(xBab)
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Three regions in bW (b, Q) in EW boson production

b W(b,Q) bW(b,Q) in Z boson production
0.7 . .
Perturbative ! Transition
0.6 region : ! region :
PQCD : PQCD(?)+power corrections
0.5 |
I
0.4
]
0.3 |
|
0.2 |
|
01 4
|
1

e W b<05GeV!
renpee (p ~ 1/b > 2 GeV):

dominant region, described
in PQCD at NNLL/NLO;

B05<b<15-2GeV!

025 05 075 1 125 15 175

- b, Gev (05 - 0.7 5 My 5 2 Ge\/):

higher-order terms in a, and v? affect do/dQr at Qr < 10 GeV;
have a large effect on My,

analyzed data

W, >15-2GeV ! largely unknown; negligible effect on the
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Nonperturbative resummed contributions

were extensively studied; see, for example,
B Davies, Webber, Stirling, 1984

B Ladinsky, Yuan, 1993

B Korchemsky, Sterman, 1995

W Eliis, Ross, Vieseli, 1997

B Brock, Landry, Ladinsky, Yuan, 2001
B Kulesza, Stirling, 2001

B Tafat, 2001

B Qiu, Zhang, 2001

B Kulesza, Sterman, Vogelsang, 2002
W Brock, Landry, PN., Yuan, 2002

B Konychev, PN., PL B633, 710 (2006) : an improved nonperturbative
parametrization, reconciles several studies, better agrees with the
Drell-Yan pr data
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Gaussian smearing in Z boson production

The large-b behavior of W(b, Q) is often approximated as

W(b7 vaAaxB) il b =~ AW/ip(b, Q,LEA’ $B)€_G(Q,$A,IB)(22’

where Wip(b, Q,r4,zp)is a continuation of the perturbative
(leading-power) contriobution t0 b 2 by ~ 1 GeV!

For example, in the "b.” model css, 1985

i fopd /Wv ert(b) b« bmax
W/ b) =W, er b* P ’
LP( ) P t( ) - { Wpert(bmam)z b > bTILCL:L‘

b

V1+062/02,,.

x =
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Gaussian smearing in Z boson production Il
The large-b behavior of W(b, Q) is often approximated as
W,Quzawp)| | ~Wiplh,Qza,wp)e(@easn)t

a(Q, x4,z p) is the nonperturbative “Gaussian smearing”;
B dominates NP terms at b < 2 GeV !
H is universal in Drell-Yan-like processes and SIDIS;

B can be found from a fit to pr data (currently 3 low-Q
Drell-Yan pair and 2 Run-1 Z production data sets)

B RG invariance + factorization properties of W(b, Q):

a(Q,ra,xB) ~ ar +azln go + a3 [¢(za) + d(z )]

Renormalon analysis+lattice QCD: a, = 0.191322 GeV? (Tafat)
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Gaussian smearing in global p fits

a1 2 3 found from the fit are correlated with the assumed form of

Wi p(b,Q,za,zp) (value Of by,q.)

Landry, Brock, P N., Yuan, 2002
ez = 0.5 GeVY):

a(Q) =
0.21 +0.68In +% — 0.13In(100z 42 3)
al az as

H a3 is comparable to aq, as
W For /s =1.96TeV,

a(My) ~ 2.7 GeV?
(surprisingly large)

Konychev, P N., 2006
oz = 1.5 GeV™Y):

a(Q) =
0.20 + 0.191n 5% — 0.03In(100z 4z 5)

W o, ~ 0.19 GeV? agrees well
with Tafat’s calculation

W a3 < a1, ap; in Z production,
a(Myz) =~ 0.9 GeV?

B reduced y?/d.o.f. = 110/95 in
the fit
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Independent scans of «(Q) in 5 experiments

1.2
* E288
1 = E605
A CDFZ :
0.8 A DOZ /
- ¢ R209 T
E 0.6 //// b ~ p2—>B
o _— ﬁ Fnp(b, Q) = a(Q)
© Té’/
0.4 )
;:ﬁg;pf a,=0.19 GeV
02| —
Bmax = 1.5 Gev™t
0
5 10 20 50 100 200

Q [GeV]

B All experiments prefer 5 ~ 0
B o(Q)~ a1 +a2ln(Q/3.2)

B o, ~ 0.18 GeV? agrees well with the IR renormalon + lattice
QCD estimate, (a2),,; = 0.197042 GeV?
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Scan over b,
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Best fit: b ~ 1.5 GeV 1t 5= 0102 (set to 0), a; ~ 0.23,
ap ~ 0.18, a3 =~ —0.05
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The pr fit based on the revised b, model

B leads o a consistent picture of the power-suppressed term

B suggests

» Gaussian
Fnp(b,Q) = b2[0.20 + 0.191n(Q/3.2) — 0.026 In(100z 12 5)]

» linear In Q dependence (consistent with SIDIS)
» small \/s dependence

» no tangible flavor dependence

B supports dominance of soft contributions in Fy p(b, Q)

B applies to light-flavor (u, d, s) scattering at = > 102
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Uncertainties in the nonperturbative function
f NP ( b) Q ) = Best-fit nonperturbative Gaussian smearing [KN1]

B Lagrange mulfiplier method ) N
evatron Run- z
» Constraints on a(Myz), < W
a(Myw ) from the global fit ~ os ,
=
better than from the Z g Y
data alone 08 e
0.7
B Hessian method PP —> WX - €'V, X (5=1960 GeV)
1.004 - B
» RESBOS grids for 6 extreme 1oz ™ eV
eigenvectorsin {ay, as, as} 1.002
1.001
space -
0.999
. 0998 = ..
B Otherimportant 0997 | o2, —
uncertainties exist! 0996 AN P > BOV
32 34 36 38 40 42 44 46
pi [GeV] S. Berge, 2006
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Small-z effects in pp — Z°X at the Tevatron

pp ~ Z°X (Vs =1960 GeV) pp — Z°X (Vs = 1960 GeV)
08 T T T T ] 80 T T T
07 | ) E 0L E
b No small-x broadening (BLNY) 3 [ No small-x broadening (BLNY) ]
o6 L | ------- With small-x broadening 60 [ -.-.--- With small-x broadening ]

o
13
T

CTEQB6M1
aly

CTEQ6M1
Iyl > 2

do/dg; [nb/GeV]
o
IS

o

w

do/dg; [pb/Gev]
[

02 20 f B
0.1 10 7
0:HH\‘H‘\‘H‘\HH\HH\HHMHF 0:H"m‘H\HH\HH\HH\HH\HH:
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
a; [Gev] q; [Gev]
No cufs: no visible effects ly| > 2
(the dominant contribution Visible broadening in the forward
comes from z|, _, ~ 0.05) region

Effect measurable in the Tevatron Run-2; may change My, by 5-20 MeV
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Resummation for + < 102 at the LHC

PR WX - erX (\/s UTY)

030 prrrr v : e
025 1 w' o € v, E
pp - Z°X - €' X (VS =14TeV) 020 1 3
50 F T T T T T T T T ] 015 E
- aF 1¥l< 25 E 010 £ E
> £ e — p(x) 0 E|
8 ntE Pre > 25GeV 3 005 P #0, ¢,=0013, x,= 0005 E
g 30 F % 0 | | | Lo E

& b/ E g S e 0 s s s 20 2s
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B do /dQr with SIDIS-inspired small-z contributions (red) is wider
comparatively to conventional models (black)

B The Qr broadening increases at large y; has different
magnitude in W', W~ and Z production
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Summary

B KN'2006 parametrizations of the nonperturbative resummed
function
» agree with estimates in the IR renormalon analysis
» different Q and /s dependence compared to BLNY’2002

» ResBos grids to evaluate uncertainty in «(Q) in the Hessian
method are available at the MSU resummation portal
(http://hep.pa.msu.edu/resum/)

B Broadening of do/dQr at x < 10-2 is observed in SIDIS, can
affect W, Z, and H observables at the Tevatron and LHC

B an ongoing PDF+Qr global analysis will constrain important
correlations that may exist between the PDF's and Fyp(b, Q)
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Backup slides
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Qr resummation in heavy-quark scattering
PN., Kidonakis, Olness, Yuan, 2002; Berge, PN., Olness, PRD 73, 013022 (2005)

B Fractions of events involving ¢ and b scattering at the
Tevatron (LHC)

» c5 — W: 8% (30%)

> -+ bb— Z: 5% (20%)

B Tangible dependence on heavy-quark masses when
QT R Meb < Q

B Resummation is ill-defined if m., m; are set to zero; properly
describes m.;, dependence when formulated in a
general-mass factorization scheme (S-ACOT scheme)
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R
m;, dependence in bb — Z°

pp - Z°X (VS=14TeV)
L L L L L L B

50 [ CTEQSHQL |
i B The shape of "massless”
or do /dQr varies considerably
s depending on the assumed
g aof continuation to b > 1/my,
g B With full m;, dependence,
S 20 do /dQr is well-defined:; low
L ] sensitivity to
wf ) — Massive (SACOT) 1 nonperturbative scattering
VA Massless (ZM-VFN') f contributions

T P IR R
0 5 10 15 20 25 30
g; [GeV]
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b, prescription with a revised ;. scale
1. Take the original b, prescription

W(b7 Q) - WLP(ZIM Q)ei‘IFNP(b%Q;b'maz)

2. Choose pup = bo/V, IN [Cj/q @ foya] (2, s, pr). with

Dmax=1. * (bo/bmax = 0.
b; = b*(b b/ )’ e (GeV) max=1.5 GeV ™" (bo/bmax = 0.75 GeV)

'y Ymax Qini=1.3 GeV (CTEQ6)
and 10
5
blmax = min (bma:ra 1/sz) \\
2 —
| Qu > b
1t bo/brmax T T _ bo.
pp =4 16 for b<Qumi
F — .
sz for b 2 Qini b (Gev™)
05 1 15 2 25

bmaz €CAN be safely increased at least up to 2 — 3 GeVl,
but the scale pp in f,/4(z, 1r) Never exceeds Qi
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- ________________________________________
E288 and E605

E288, b, = 1.5 0=7-8.Gev
35 @
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254 T —— C3=bo " ¢
20 e —— C3=2bp us | i
. 02
54 —
vo s ] - Q89 GeV
s 20
12 035 £
on
i | B Q=67 GeV/ £
os - Ca=bp 0 \i\\\.;
. 3= 2bg o . . : .
. o ooa Q=105-115 GeV
- o T oor
12 o S
a4s a0 e
s g Q=7-8 GeV/ 0 | =
03 B S — G3=ho -
o0 s O Ca= 260 o } E Q=11.5-135 G\l
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bb — H: variations in do /dQr due to m, effects

do/dg,

pp(bb) — H°X (VS=14TeV)
T T T T T T

CTEQ5HQ1 CTEQ5HQ1
M,, =120 GeV M,, =120 GeV
& .
kS
8 \«.\
—
— Massive (S-ACOT)
,,,,,,, Massless ("ZM-VFN")
sl b b b b b Lo b L I SR A A A |
5 10 15 20 25 10 15 20 25 30 3 40
g [GeV]

pp (bb) -~ H°X (VS = 1960 GeV)
T T T T T T

g [GeV]
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Tevatron, My = 120 GeV, u = My: the “*ZM-VEN" peak is
shiffed by 2 GeV (= 17%) w.r.t. to the S-ACOT peak

Slightly smaller m; dependence at the LHC
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