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Relevance of a precise W mass measurement
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Tevatron has collected 600.000 W— IV events
Final Tevatron error on MW:~ 15 MeV ? |.Zhu, arXiv:0907.3239

LHC with | fb ' and a total (no cuts) xsec of ~10 nb will collect 10 M of Ws

potential for an even more accurate measurement at the LHC?
Alessandro Vicini - University of Milano CERN, July 1st 2010



Relevance of a precise W mass measurement

Sensitivity to the precise value of the Higgs boson mass or e.g. to SUSY particles
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W mass workshop
Milano, March 17-18 2009

http://wwwteor.mi.infn.it/~vicini/wmass.html
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Outline

® measurement of MW (probably) at the 15 MeV level at the Tevatron
® measurement of this pseudo-observable heavily involves theoretical ingredients

e classification of the impact of different classes of radiative corrections
in terms of shifts of the final value of MW

® estimate of different sources of theoretical uncertainty
to obtain a final theoretical systematic error on MW

e fixed order calculations provide the first basic estimates
but
a realistic simulation shows which effects survive after e.g.
convolution with multiple gluon/photon emission
smearing of lepton momenta or photon recombination

® change of EW input scheme, use of factorized expressions, higher orders
e combination of QCD+EWV corrections

e QCD corrections by different codes

® PDF uncertainties
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The Drell-Yan process at fixed (NLO) order (X input scheme)
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The effect of initial state multiple gluon emission
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The effect of multiple photon emission and of subleading EWV terms
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_| Effects of multiple photon emission studied

HORACE : full all orders QED Parton Shower

W-ZGRAD, Dittmaier-Huber:
final state structure function approach

6 [

ntp I
(sllll]“i—'}’
4 - si7 1 HORACE
FIJ*LL multi—=
2 __r,—l"rJ —LL‘ _;——gﬁ_&h_\_
=) Or Hii d '
b= _2 L —|_ I_I
—4 L oy d
—6 r Z
Dittmaier Huber
f8 1 1 I 1
60 70 30 90 100 110 1

My[GeV]
CERN, July Ist 2010



The W mass as pseudo-observable

The VW mass is not a property of measured (final state) particles, but
it is rather an input parameter of the Lagrangian which can be chosen
to maximize the agreement theory-data for some given distributions.

If we want to measure MW, in the SM, in the gauge sector, it is possible to use as inputs
(aamW7mZ) (Gu,mw,mz) but not (Oz,GM,mZ)

The W mass is defined starting from the pole, in the complex plane, of the W propagator

Since the final state neutrino escapes detection, it is not possible to reconstruct all the components of the
W momentum (and therefore its virtuality).

It is possible to infer the value of the transverse components of the neutrino

provided one has an excellent understanding of initial state QCD+QED radiation

The lepton and the missing transverse momentum and transverse mass distributions
have a jacobian peak about the W mass.
The peak of distributions provides a strong sensitivity to the value of MW.

MV = \/Qpip’i (1 — cos ¢y,)
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Radiative corrections and simulation tools: QCD matching
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EWV results and tools
O(Og%) ~ O(Oéem) * Need to worry about EW corrections

W production

Pole approximation

Exact O(alpha)

Photon-induced processes

Multiple-photon radiation

Z production
only QED

Exact O(alpha)

Multiple-photon radiation
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The template-fitting procedure

A distribution computed with a given set of radiative corrections and

with a given value MW
is treated as a set of pseudo-data

The templates are prepared in Born approximation, using 100 values of MWV,
Each template is compared to the pseudo-data and a distance is measured

N 2
Npyin e (O?a’ta . O;ﬁ.empl:z)

Xzz — Z (gdata)Q

Jj=1 J

izl’...7Ntempl

The template that minimizes the distance is considered as the “preferred one”
and the value of MW, used to generate it, is the “measured” MW

The difference MW-MW, represents the shift induced on the measurement of the W mass
by including that specific set of radiative corrections

The distributions used in the evaluation of X?; in general do not have the same normalization.
It is also possible to compare distributions that have been normalized to their respective xsecs,
to appreciate the role of the shape differences
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Validation of the template-fitting procedure

In this template-fitting procedure,

the reduced X? is never close to one because the distributions are “by construction” different

Fit pseudo-data computed in Born approximation reduced X 2~|

The fit should exactly find the nominal value MWO
used to generate the Born pseudo-data

The accuracy of the fit depends on the error
associated to each bin of the pseudo-data

In the case of Born pseudo-data,

the AX* =1 MW points fix the 68% C.L. interval
associated to the estimate of the preferred MWV.

A larger number of pseudo-data events increases 0.5

nominal M
Tevatron
pp — W= -

V=80.398 GeV

oy

. .
e a®

tenpplates with 1B events

the accuracy of the prediction, shrinking the X2 curvé™ * a5 5030 0 39]5\4 .
w (Ge

80.4 80.405 80.41 80.415 80.4:

The templates are not smooth functions, but are generated with a Montecarlo

They also suffer of statistical fluctuations.

We can not arbitrarily increase the number of pseudo-data events,
because we are limited by the number of events used to generate the templates
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E7sotimate of MW shift due to higher order corrections in the fit
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The ratio of two distributions generated with nominal MW which differ by 10 MeV
shows a deviation from unity at the level of few per mil, with non trivial shape

If we aim at measuring MW with 10-15 MeV of error, are we able to control
the shape of the distributions and the theoretical uncertainties at the few per mil level’

Not all the radiative corrections have the same impact on the MW measurement
not all the uncertainties are equally bad on the final error
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The HORACE formula and the input-scheme dependence
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The matched HORACE formula is based on the all-orders QED Parton Shower structure

The presence of the overall Sudakov form factor guarantees the “semi-classical” limit
The Sudakov form factor contains the (IR) LL virtual corrections

The exact O(X) accuracy is reached by adding
finite (no IR-div) softtvirtual effect in the overall factor F_SV
exact (vs. eikonal) hard matrix element effects to every photon emission F_H,i

This formula has to be compared with a fixed order expression, where the precise sharing
of 0- and |-photon events can be slightly different

. 2 3
ag 0= a500+ aglosy +0op)
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The HORACE formula and its impact on the MW measurement
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in the matched HORACE formula the change of input scheme affects:

the overall couplings of the Born cross-section doy and

the F_SV factor
in both cases it modifies the overall normalization of the cross section

the sharing of 0-, |-, 2-,.... photon events remains the same in all the input schemes
and therefore the shape of the distributions (relevant for MW) remains the same

The input scheme changes differ at O(x?) and
modify mostly the normalization of the cross section,
Therefore the X* of the fit that exhibits a corresponding variation,

but also the precise MW determination is affected.
Alessandro Vicini - University of Milano CERN, July 1st 2010



EW higher orders in the Xy scheme

Born templates with 10 billions of events: maximal accuracy 2 MeV

The FSR QED Parton Shower 1.4 4 a(0) O(a) FSR-PS ——
truncated at O(X)
yields a change of MW of -92 MeV 1.2 -
1 A
&S
5 0.8 nominal MW=80.398 GeV
| bare cuts
T 0.6 - Tevatron
pp— WF — ptuy,
0.4 -
0.2 4
O T T T T T T T
80.3 80.304 80.308 80.312 8&0.316 &80.32 80.324 80.328
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EW higher orders in the Xy scheme

Born templates with 10 billions of events: maximal accuracy 2 MeV

The FSR QED Parton Shower 14 - a((()g) O(a) ggg_gg
truncated at O(X) a(l) exp Foh-

yields a change of MW of -92 MeV 1.2 4
The FSR QED Parton Shower b
to all orders N

min

) o . S 0.8 - nominal MW=80.398 GeV
yields an additional shift of +6 MeV | bare cuts
T 0.6 - Tevatron
pp— Wt — uty,
0.4 -
0.2 -
0 T T T T T T T
80.3 80.304 80.308 8&80.312 &80.316 80.32 80.324 8&80.328
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EW higher orders in the Xy scheme

Born templates with 10 billions of events: maximal accuracy 2 MeV

The FSR QED Parton Shower 1.4 4 ao(é(()g) Oe(ozg gggzgg
truncated at O(X) D a(0) exact O(@)
yields a change of MW of -92 MeV 1.2 4

The FSR QED Parton Shower
to all orders N

min

S 0.8 - nominal MW=80.398 GeV
yields an additional shift of +6 MeV | bare cuts

T 0.6 A Tevatron
The exact matrix element at O(X) pp— W+ =y,
and 0.4 4
O(«x) FSR QED PS prediction 09 |
differ by +6 MeV (subleading EW) ' W

0 . . s . . . .
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EW higher orders in the Xy scheme

Born templates with 10 billions of events: maximal accuracy 2 MeV

The FSR QED Parton Shower
truncated at O(X)
yields a change of MW of -92 MeV

The FSR QED Parton Shower
to all orders

yields an additional shift of +6 MeV

The exact matrix element at O(X)
and

O(«x) FSR QED PS prediction
differ by +6 MeV (subleading EW)

The best matched results

O(«) + full QED Parton Shower
yields no shift (0 MeV)

w.r.t.the fixed order exact O(X)
(which is based on a different formula)
This results is true in the Xy scheme

Alessandro Vicini - University of Milano
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EW input schemes

G: QZ tree . 2
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the three input schemes differ by O(o?) terms

the change of scheme yields a different overall normalization
but also
the sharing of 0- and of |-photon events is different in the 2 Gmu schemes

the same in Xy and Gmu-Ill schemes
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EW input schemes

) 5 | |
Gu _ 9 (1 + Ar) a,;“ = G— ,mz, sin® Oy,
V2 8m2, \ﬂf
9
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the three input schemes differ by O(o?) terms

the change of scheme yields a different overall normalization
but also
the sharing of 0- and of |-photon events is different in the 2 Gmu schemes

the same in Xy and Gmu-Ill schemes
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EW input schemes

" 2
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the three input schemes differ by O(o?) term

the change of scheme yields a-different overall normalization
but also

the sharing of 0- and of |-photon events is|different in the 2 Gmu schemes
the same in Xy and Gmu-Ill schemes
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EW input schemes

Born templates with 10 billions of events: maximal accuracy 2 MeV

i ag, scheme I
¥ (e T —— At O(c)
L using Xo or Gmu-l schemes
(different 0- and |-photon sharing)
1 yields a change of MW of 6 MeV
83
N>§ 0.8 A nominal MW=80.398 GeV
| bare cuts
S 0.6 Tevatron
pp— WT — uty,
0.4 A
0.2 A
0 T T | T T T T

80.3  80.304 80.308 80.312 8&80.316 80.32 80.324 80.328
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EW input schemes

Born templates with 10 billions of events: maximal accuracy 2 MeV

1.4 - ag, scheme I
| 04(0) O(a) ............
ag, scheme IT e er o
1.2 -
1
B
NXE 0.8 A nominal MW=80.398 GeV
| bare cuts
T 0.6 1 Tevatron
"" pp — W+ — ,u“‘y'u
0.4 - <
0.2 - ‘ 55
0 I I ‘:'I‘. i: T T T T
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At O(x)

using Xo or Gmu-l schemes
(different 0- and |-photon sharing)

yields a change of MW of 6 MeV

At O(cx)

using Xo or Gmu-Il scheme
(same 0- and |-photon sharing as )

there is no extra shift in MW
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EW input schemes

Born templates with 10 billions of events: maximal accuracy 2 MeV

i ag, scheme I
14 a(0) O(Q) - At O(O()
Ly ag, Sof};emg}g using Xo or Gmu-l schemes
' (different 0- and |-photon sharing)
. yields a change of MW of 6 MeV
E
C\’XE 0.8 A nominal MW=80.398 GeV
| bare cuts At O(O()
<06 A : Teva“;’i . using Xg or Gmu-ll scheme
0.4 - ; e T (same 0- and I-photon sharing as &)
there is no extra shift in MW
0.2 - E
) In the Gmu-I scheme
80.3 80304 80.308 80312 80.316 80.32 80.324 s0.328 O(CX) and best approximation
My (GeV) differ b)’ 5 MeV
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EW input schemes

Born templates with 10 billions of events: maximal accuracy 2 MeV
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At O(x)

using Xo or Gmu-l schemes
(different 0- and |-photon sharing)

yields a change of MW of 6 MeV

At O(cx)

using Xo or Gmu-Il scheme
(same 0- and |-photon sharing as &)

there is no extra shift in MW

In the Gmu-| scheme

O(X) and best approximation
differ by 5 MeV

In the best approximation

Xo or Gmu-l schemes
differ by 2 MeV

(different normalization)
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EW input schemes

Born templates with 10 billions of events: maximal accuracy 2 MeV

min
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Good stability of the matched formula
against scheme changes

Different schemes may yield at most
a change of the X? of the fit

Alessandro Vicini - University of Milano

At O(x)

using Xo or Gmu-l schemes
(different 0- and |-photon sharing)

yields a change of MW of 6 MeV

At O(cx)

using Xo or Gmu-Il scheme
(same 0- and |-photon sharing as &)

there is no extra shift in MW

In the Gmu-| scheme

O() and best approximation
differ by 5 MeV

In the best approximation

Xo or Gmu-l schemes
differ by 2 MeV

(different normalization)
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EW input schemes and MW beyond SM

With the SM templates, MWV is measured in the SM |, | 6, schome
I T
. 1.2 ag, €xp
A measurement in the MSSM N a(0) exp
could in principle yield different results :
NS 0.8 - nominal MW=80.398 GeV
[ bare cuts
. s 0.6 - Tevatron
The difference between SM and MSSM pp— W* = it
o 0.4 -
enters via Ar
0.2
. . . 0 . : i"-r i':' ; ; ; ;
The InPUt SCheme Prescrlptlon (GmU'I VS GmU'”) 80.3 80.304 80.308 80.312 80.316 80.32 80.324 80.328
or the fixed order vs matched approximations My (GeV)

may or may not yield a different final result
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Present uncertainties

Transverse Mass Fit Uncertainties (MeV)
CD F uses (CDF. PRL 99:151801, 2007: Phys. Rev. D 77:112001. 2008)
. . 61'r ectrons Inuons common
Resbos for the QCD simulation S : |
W statistics 48 54 0
4 Lepton energy scale 30 17 17
and applles Lepton resolution 9 3 -3

EW corrections with W/ZGRAD Recoil energy scale 9 9

Recoil energy resolution

exact fixed order, no mu Itlple photon Selection bias 3 l 0
Lepton removal 8 5 5
Backgrounds 8 9 0
S umm ary Of unce rtai nties g production dynamics 3 3 3
~a Parton dist. Functions 11 11 11
Source [o(mw) MeV mz [o(mw) MeV py [o(mw) MeV E,] QED rad. Corrections 11 12 11
Experimental _ _ ‘ Total systematic 39 27 26
N Electron Energy Scale a4 3 3
ki Electron Energy Resolution Model 2 2 3 Total 62 60
c Electron Energy Nonlinearity 4 6 7
E W and Z Electron energy 4 1 1
E loss differences (material)
g Recoil Model [ 12 20
= Electron Efficiencies 5 6 5
Q Backgrounds 2 5 1
© 'Experimental Total 35 37 ' 11
E W production and DO uses
= decay model o o
n 2
& | o ) Resbos for the QCD simulation
Boson pr 2 5 2 .
'W model Total 12 14 17 and aPPIIeS
K "Total 37 10 2]

statistical 23 N N QED corrections with PHOTOS
total 44 4 50 FSR multiple photon

Jan Stark The physics of W and Z bosons, Brookhaven, June 24-25, 2010 46

It is possible to reduce the QED uncertainty, by using more complete tools
like e.g. HORACE
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The effect of smearing the momenta and of photon recombination

B Ib-zn-e— . . .
el porn core | Calorimetric energy deposit
0 | OB lis not pointlike but approximated. by gaussian distribution
a5 | | — smearing of the lepton momenta
% 30T i (13 ’ . .
S sl | Photons “close” to the emitting lepton are hardly
S . .
g o) Tevatron | disentangled: they are rather merged with the lepton
5L calo cuts | need to simulate these events by adding photon and
muon . .
0 [ lepton momenta to yield an effective lepton
5 [ | Effective partial KLN cancellation of FSR collinear logs
O 1 1 1 L
25 30 35 40 45 50 95
l . . .
P (GeV) How do the effects of higher order corrections survive
after smearing + recombination?
Effects measured with smeared Born templates
50 T 25 T
Born bare— Born bare—
45 + Born calo— - Born calo—
NLO-EW NLO-EW
40 + 20 +
35
= I £ I
3 30 (QB) 15 §
A g calo, cuts
o 20 | Tevatron sf 10 - mon
S[EA <|=
S calo cuts =
15+ muon
10 5+
5 B T
0 1 I I - —— 0t L L L
25 30 35 40 45 50 55 50 60 70 80 90 100
pnlliss (GGV) MYV (GGV)
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EW corrections impact after smearing and recombination

calo Born templates with | billions of events: maximal accuracy 4 MeV
calo setup: smeared lepton momenta (at tree level no recombination)

. oy Eexrp
1.4 B0 O(0)
g, exp
1.2 - ag, O(a) ............
1 -
£ R
“f 08 4G nominal MW=80.398 (reV
| calo setup
T 0.6 4 Tevatron
pp—= WT =ty
0.4 A
0.2 A
0

80.304  80.312 80.32 80.328 80.336 80.344

In the X, best w.r.t. fixed O(X) results differ by | MeV
In the Gmu-| scheme best w.r.t. fixed O(X) results differ by 4 MeV
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MW and QCD corrections: transverse mass
The perturbative and the non-perturbative content
of POWHEG+HERWIG and POWHEG+PYTHIA are different w.r.t. each other and w.r.t. to Resbos

They share NLO-QCD but differ in the inclusion of subleading higher-orders and in the matching of
fixed order with resummed results

Differences appear at the level of normalization and at the Ievoeol4of shapes
30 . . . . T

POWHE:.G+HERWIG I I PUWHE(I}+HERWIG
POWHEG+P¥THTIA 0.035 | A POWHEG+P¥THTA |
25 Resbos -~ 1 ' ik Resbos-- -
NLO-QED—— o
0.03 | i
20 + Tevatron x i
— ¥ . F 1
N S 005 pormalized &
G 15 O , I
S = ]
= g 0.02 |
S T !
B 10 + o P "
SE 92 0015 P !
= =lb s ;
L “!.:""’ L
g 0.01 | - |
I ‘!_,_,.r L.
| ‘,_r: l
. absolute o005 | L
s M
_5 1 1 1 | O 1 ! L i
50 60 70 80 90 100 50 60 70 80 90 100
m" (GeV) m"W (GeV)

Resbos templates: MW=80.398 GeV, | billions of calls: = maximal accuracy 4 MeV
Fit with “absolute” templates (different normalizations w.r.t. pseudo-data)

POWHEG+HERWIG AMW = +[8 MeV POWHEG+PYTHIA AMW = +18 MeV

Fit with normalized distributions (templates and pseudo-data each normalized to its cross-section)
POWHEG+HERWIG AMW =+ |8 MeV POWHEG+PYTHIA AMW =+ |18 MeV

Weak sensitivity to the details of multiple gluon radiation
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MW and QCD corrections: lepton transverse momentum

The lepton transverse momentum distribution is sensitive to the details of multiple gluon emission
(i.e. to the gauge boson transverse momentum)

35 T T T T T O~03 T T T T T
POWHEG+HERWIG ‘,_~ POWHEG+HERWIG
POWHEG+PY¥THIA , ;d" ; POWHEG+P¥THTA:
0T Resbos - i 0.025 + Tevatron A & Resbos- -~ i
NLO-QEb—— A ]
) o !,
25 | il - & i
- H 02 =t !
N < 0.0 F h
=~ © e i
) 20 - U J_r' %
S ~ N 4
§ 3 0.015 + F,?' )
g P 1 s g . 1
<I% MK normalized %
0.01 (" i
10 . kY
-l absolute 0.005 | M,
-."?1\,_,;{“?&{‘"%
O 1 1 1 1 1 0 1 1 1 1 1 M
25 30 35 40 45 50 55 25 30 35 40 45 50 55
ll (GeV) pl| (GeV)

Resbos templates: MW=80.398 GeV, | billions of calls: = maximal accuracy 4 MeV

Fit with “absolute” templates (different normalizations w.r.t. pseudo-data)
POWHEG+HERWIG AMW =- 48 MeV POWHEG+PYTHIA AMW = -6 MeV
Strong sensitivity to the precise normalization (role of PDFs and choice of non-pert. params)

Fit with normalized distributions (templates and pseudo-data each normalized to its cross-section)
POWHEG+HERWIG AMW ~-50 MeV POWHEG+PYTHIA AMW ~ +46 MeV
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MW and QCD corrections

The different results obtained with POWHEG+(HERWIG_6510, PYTHIA 6.4.16)
in units RESBOS

can be understood in terms of

non-perturbative, model dependent, parameters
® old tunes of the SMC

® old description of the underlying event by HERWIG (use JIMMY instead)

perturbative effects
e different inclusion of NNLO terms (partial vs absent)

e resummation of different subleading logs
HERWIG vs PYTHIA showers in POWHEG
vs logs in RESBOS

e different matching prescriptions between fixed order and resummed results
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PDF uncertainty: Hessian vs Montecarlo approaches

Hessian  (CTEQ, MSTW)

For each of the 5 values compute the pdf spread (not necessarily symmetric)

(AFgs)+ = \ >~ {max [ Fos(Sf) — Fos(Sy), Fos(Sy) — Fos(S,), 0]},
k=1

T

(A I‘I}F‘)— — \ Z {II]EL}{ [ Fﬂ-S(SU) o FQH(SL—_L Fas (SEI) o FQS(SI:)v D} }2?

k=1

With these As one builds a band for the (e.g. transv. mass ) distribution
but it is difficult to derive an interval of allowed values for MW

Montecarlo (NNPDF) N 1/2

oF = Set_lz(f{q ]—<f[{q}]>)2

Average and standard deviation of any observable are derived by computing N times its distributions,
each time with a different replica.

Since each replica is a representative of the ensemble of allowed (from the data) proton parametrizations
we can fit the transverse mass distribution and obtain the corresponding preferred MW
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PDF uncertainty: HORACE Born with NNPDF20 100

The transverse mass distribution
computed with different replicas
have differents shapes and normalizations

1.5 1

They have been fitted with
(HORACE with CTEQ66) templates

0.5 4

0

E ~ L
80.38 80.39 80.4 80.41 80.42 80.43

The corresponding preferred MW are

20

NNPDF20-100 different
18 -
161 The distribution of the 100 MW values
14 1 yields
12 1 MW = 80.402 +- 0.005 GeV
10 -
8 - The choice of the PDF set and of the
6 - non pert. parameters to describe
4 soft gluon radiation are correlated
2 4
0 . . . . ]
80.39 80.395 80.4 80.405 80.41 80.415 80.42
My (GeV)
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QED induced W(Z) transverse

i (pb/GeV)

100

10

0.1

0.01

0.001

NLO-EW—
NLO-QED

0

5 10 15 20 25

pY (GeV)

momentum
The uncertainty on ptWV directly translates into

1 an uncertainty on the final MW value.

1 Photon radiation yields a tiny gauge boson
| transverse momentum.

_: This momentum is different in the CC and NC

channels because of the different flavor structure.

| The “non-final state” component

differs in the 2 cases by 54 (Z) - 33 (W) =21 MeV

100000 :
10000 —
1000
100

10 | ™

"W QED-PS
W best

7 QED-PS  x
7Z best

Z FSR-PS 0409 GeV

<p‘£> _ Z best 0463 GeV

W FSR-PS 0.174 GeV
W best 0.207 GeV

The fit of the non perturbative QCD parameters
is done on the Z transverse momentum

and it is necessary to properly remove

the EW corrections to the NC channel

Alessandro Vicini -

University of Milano

6 8

%In the simulation of the CC channel the relevant

EW corrections are then applied
CERN, July Ist 2010



Combining QCD + EW corrections

G. Balossini, C.M.Carloni Calame, G.Montagna, M.Moretti, O.Nicrosini, F.Piccinini, M.Treccani,A.Vicini, JHEP 1001:013,2010

factorized prescription
do

do
do _ (14 &) vcanto — Li6) nErwic Ps y do
10 - o] 10
QCDQEW 401 LO/NLO EWJ) HERWIG PS

additive prescription
) ccar = 10y ™ 10~ 0,5

e different inclusion of higher orders O(ag) and (’)(aozs)

the factorized prescription includes the bulk of the reducible O(Oz?) terms
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Combining QCD + EW corrections

600
e the factorized and the additive formulae - = pcoNLosEIRACE |
differ by few per cent ' e P s
o differegt inclusion of higher orders 2
O(az) and O(aoy) ]
40 1 1 “H-| """
_ QcD
30 QCD+EW y
QCDxEW
20 |- EW H
. — 1
=T m
0 fomr | |
10 b e
_2(] | | | | | |
60 65 70 75 80 8 90 O

MY (GeV)

® additive prescription: NLO-EW convoluted with HERWIG QCD-PS

e factorized prescription: NLO-EW convoluted with HERWIG QCD-PS +
+ NLO-EW times (non-log NLO-QCD)
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Combining QCD + EW corrections

templates: Resbos, same inputs of the pseudo-data: MW=80.419 GeV, GammaW=2.048 GeV

fac/add 14 - additive
. factorized
normalized
0.99 - Tevatron 1.2 4
+ +
pp = W=t 1 - ominal MW=80.419 GeV:
0.98 | s
. a5 0.8 -
| W+ — 1Yy,
0.97 1 06 -
0.4 -
0.96 -
0.2 4
095 T T T T 0 T T T T
50 60 70 80 90 100 80.3 80.32 80.34 80.36 80.38 80.4
MW (GeV) My (GeV)

® in the ratio we observe an offset, mostly due to higher order QCD corrections,
and a different shape

® the bulk of the shift (w.r.t. the nominal value) is due to EW corrections
e the different recipes can be translated into a relative MW shift of ~10-20 MeV ? (low statistics)
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Summary
Many calculations and many codes available:  crucial is the tuning phase

the template fit procedure has been implemented to study

EW corrections (bare and calo Born templates)
QCD and QCD+EW corrections (Resbos templates)

in the EW sector we can classify, in terms of MWV shifts

the impact of different perturbative approximations and of theoretical ambiguities:
missing higher orders or different scheme choices induce tiny changes of MW

the factorized HORACE formula exhibits a good stability

exact O() matched with multiple photon is needed e.g. to precisely determine pt_ W

in the QCD sector we can, in principle, compare how different “best predictions”
(perturbative approximations + matching procedures + (soft+non-pert. models) )
differ in terms of MW
In practice, a dedicated work of tuning of soft+non.pert. models is required

before one can attempt to make an estimate of the QCD theoretical uncertainty

two recipes to combine QCD+EW corrections induce differences in MW of O(20 MeV)
(although mostly factorized recipes are presently used)

the PDF uncertainty “alone” induces an uncertainty of +- 5 MeV (68% C.L.)
but there is an interplay with the non-pert. parameters

Work in progress in the framework of the W mass workshop
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The Z transverse momentum distribution and the WV observables

» modeling of soft gluon and non-perturbative effects
in the Z production case

* extrapolation of this model to the W kinematical region:
the W transverse momentum distribution is the
theoretical observable for comparisons

* use of a Montecarlo simulation
based on the two above ingredients
to predict in the W case: lepton transverse momentum
transverse missing momentum
transverse mass

* a definite improvement has to be obtained in step |

(fit of Z observables)
before any sensible comparison is carried on

Alessandro Vicini - University of Milano
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Radiative corrections and simulation tools: QCD matching 4
BCDF@G Bozzi, Catani, De Florian, Ferrera, Grazzini Lff

doye; A 2\ 2 2y M2 [ b v . 2y 2 2
dqz (GT; M, s; &S(P}R)? K Rs :U’F) - 5 ) db 5 JU(bQT) Wab(bn M, s; "IS(:U’R)} HRs ;uF) |
T
process dependent

Wﬁ;(b} M; Oﬂs(p’%), :U’?%? :”’12?‘) = H}:T (M? Oﬂs(,u?{); Mz/:”’?%: Mg/ﬂf?‘:' MQ/QQ)
x exp{Gn(as(ur), Ly M*/ugn, M*/Q%)} ,

. . universal
Q is the resummation scale

Lol N\ ——— NLL4LO Q=mg/2

0.075 —| o —
;! —— NLLALO Q=mg/2 gye=08 GeV® ]

| Wy
' * Do
WYy

do/dqr (pb/GeV)
1/e de/dgy (Gev'!)

1073 i
o 4 -
[ pp=Z"+X=e"e"+X By

| ve=196 TeV T
r 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |

MR R B 0.000 20 25 30

E pp =204 X—ete +X
L Wa=1.8 Tev

! I- 4 ! 4 !

20 100 150 200 4] 2 10 1
g (GeV)

in progress: matching of NLO+NNLL using the recent NNLO results in

Catani, Cieri, Ferrera, de Florian, Grazzini, arXiv:0903.2120
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Radiative corrections and simulation tools: QCD matching

POWHEG (Alioli, Nason, Oleari, Re) MC@NLO (Frixione,Webber);"%

® event generation at NLO

e merging with HERWIG Parton Shower
using PS-dependent counterterms

e fixed matching scale

® normalization & hardest emission with NLO accuracy
e rest of the radiation by any vetoed shower,
allowed to radiate below the virtuality
of the hardest emission
® no matching scalg.(dynamical) B

pp. VS=1960GeV
dashes: MC@NLO
solid: POWHEG ]

100

102 picobarn

per bin

10—4....|....I....I

102 ————
10! &
100 ¢

1071

10_2 E
103 L TR L L ) S R S S
0 a0 100 150 200 1] b 10 15 20
z z
Pt Pr
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Radiative corrections and simulation tools: QCD matching

RESBOS

® Finite order: part of the NNLO results
lepton spin correlation at NLO
® Resummed term W at NNLL
for Sudakov factor and non-collinear pdfs
® Two representations of the
hard-vertex function H

dag

dOT  gpol

(pb/GeV)

400+

200}

Alessandro Vicini -

600

QCD factorization as a function of gr

(according to Collins, Soper, and Sterman approach)
Small-gr term

Large-gr term

Overlap term

FO

matching-at the crossing point between resummed and fixed order results

15
QT (GeV)

University of Milano

10

dc

] ﬂrQT 35?
|(pb/GeV) 55 f

25}
20},
I5t

10}

S0 e0
QTfGE’-VJ

30 40
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