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Motivations (1): luminosity®
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Motivations (2): ATGCs?
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Motivations (3): Data VS Theory (tensions)3
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3G. Aad et al. Phys. Rev. D87 (2013),

S. Chatrchyan et al. Phys. Rev. D89 (2013)

Mauro Chiesa

CMS. L=5.0fb' (s=7TeV
[ - MCFM
10° —e— W @]
E ev)y E
£ s 8 & Wy ]
%: t —+— Combined ]
= 1og E
= E 3
Z [ |
TL ]
1) £ - E
RS £ E|
o [ } = i i
10" E
2
< s 1.5+
=5
=\
= 0.5
0
15 60 90
pl threshold (GeV)

production at LHC witl



NLO QCD corrections with isolated ~

gl gl

LO NLO, Real

m QED singularities from the integration of real
QCD corrections

m no virtual counterpart, ...

Mauro Chiesa W~ production at LHC with POWHEG + MiNLO



Theory wayout (1): Frixione isolation*

" Vr<Ro 1—cosR
ey < (1250)
Rgi g 7 "\1—cos Ry

not directly comparable
NLO, Real with data

4S. Frixione, Phys. Lett. B 429 (1998) 369

W~ production at LHC with POWHEG + MiNLO

Mauro Chiesa



5

Theory wayout (2): fragmentation functions

Y m extracted from
) data
Dq/g—w(x? M)
m collinear

approximation
NLO, Real

5S. Catani et al., JHEP 0205 (2002) 028
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W~ production in POWHEG: target

m predictions for pp — W (lv)y
at NLO+PS QCD accuracy

m exclusive generation of radiated particles
(q/g or ) in the POWHEG framework
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Theoretical predictions: state of the art (1)

Theoretical predictions for pp — W~

m NLO QCD corrections:
J. Ohnemus Phys. Rev. D47 (1993),
U. Baur et al., Phys. Rev. D48 (1993) and Phys. Rev. D57 (1998)

D. De Florian and A. Signer Eur. Phys. J. C16 (2000)

m NLO EW corrections (leading pole):
E. Accomando et al., Eur. Phys. J. C47 (2006)

m NNLO QCD corrections (preliminary results):
M. Grazzini et al., Phys.Lett. B731 (2014),

M. Grazzini arXiv:1407.1618
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Theoretical predictions: state of the art (2)

isolated v production in MC event generators

m LO matrix element merged with QCD+QED PS
(isolated ~ and 7y production):
S. Hoeche et al., Phys. Rev. D81 (2010)

m 77y production with the POWHEG method:
L. D'Errico and P. Richardson JHEP 1202 (2012)

m tty and ttyy production in the POWHEG BOX framework:
A. Kardos and T. Trocsany arXiv:1406.2324, arXiv:1408.0278
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POWHEG © in a nutshell: QCD processes (1)

do = Y Bh@,) dcbn{Afb (@, p2™)
T

> B (®,)

[A%raa 6 (b = PF™) A (1, ) R (R 1) | }
arc{ax|fy}

P. Nason, JHEP 0411 (2004), S. Frixione et al., JHEP 0711 (2007),
S. Alioli et al., JHEP 1006 (2010)
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POWHEG in a nutshell: QCD processes (2)

Bi(®,) = [B(®,)+ V ()],

=P,
Y [ [0 (R (@) - C (@)} ]
OérE{Oér‘fb} ar
dz ag dz ag
+ Z /? G (Pne)+ Z /7Ge (Pne)
ag€{asl|fe} ag€{ag|fe}
Afb(énupT):
=3,
v (4D B (@1111) 0 (b (@111) — 1) |
exp{ — -
7
are{arlfi}) Bh (@n)
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W~ production in POWHEG: starting point

q//g jrad q//g jBorn

N~ N~

YBorn Yrad

W ~ w _
q 7] q v

m QCD (QED) singular regions are separated (FKS
method) and mapped on the corresponding
underlying Born configurations W+ ( Wj)

m hardest emission (¢/g or ) generated from the
modified POWHEG Sudakov form factor
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W~ production in POWHEG: W~ Underlying Born

QED Born singularities:
7/g Jrad removed by small generation cuts

\/

YBorn v 5
pT,min < pT,exp.Cut

¢ w 7 ARmin (’y, l) < ARexpcut (77 l)

Born Wy x QCDRad.
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W~ production in POWHEG: Wj Underlying Born

QCD Born singularities:
q//g jBorn

N~ B no exp. cuts on jgom = no safe

Yrad generation cuts on jBorn

m MiNLO"provides the Sudakov
w _ suppression factor that cancels the
Born QCD singularities

Born Wj x QED Rad.

K. Hamilton et al., JHEP 1210 (2012),
K. Hamilton et al., JHEP 1305 (2013)
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W~ production in POWHEG: remark

m MiNLO is mandatory for Wj underlying Born

m for W~ underlying Born MiNLO is used in order
to improve the ag scale choice in the QCD
corrections
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W~ production in POWHEG: implementation

m NC with No Competition
m C-LO with Competition, LO normalization

m C-NLO with Competition, NLO normalization

Competition
between QCD and QED radiation off quarks
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W~ production in POWHEG: NC (1)

Qr = QQCD
FKS

W~ UB

QCD singular region
1 Real ME
JJ = g
J=4a9

Qr = QQED

W3 UB

QED singular region
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W~ production in POWHEG: NC (2)

for W+ underlying Born®
m normalization:

Bwy = Bwy+ Viy + /[d@Rad(wa;j — )"

aQcD

m radiation dynamics:

AO;I%D = exp{—/[dfﬁRadRWW]aQCD}
B,

m scalup choice (POWHEG standard):

p%el. (jrad. )

8simplified notation: MiNLO factors understood
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W~ production in POWHEG: NC (3)

for Wj underlying Born

m normalization:

Bwj = Bwi+ Y /[d‘PRad(me— C)] P

QAQED

m radiation dynamics:

« R R [e
Ay —eXp{—/[d‘I’RadBVz;; 7}

m scalup choice:
® p7(fBorn) for QCD shower

= pg{“d'(%ad‘) for QED shower
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W~ production in POWHEG: C-LO

W+~ underlying Born: same as NC

for Wj underlying Born
m normalization: same as for NC

m radiation dynamics:

wj=exp{— > / d®paq W”}“QED

QQED

— Z / d‘I)RadRWjJ}aQCD}
W’

aQCD

m scalup choice (POWHEG standard): p&el(rad)
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W~ production in POWHEG: C-NLO

m same dynamics of C-LO

m NLO Wj normalization

Buj = Buj+ VE°+ Y / [d® paa( Ry, — C)] %

QQED

+ Z / dPRad(Rwj; — C)]“°"

aQecp
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Comparison with ATLAS data®: event selection

pt > 15 GeV, |ny| < 2.37, ARy, > 0.7,
Ry=0.4,¢,=0.5, >_R; <Ry Er ;< €n D1
ph > 25 GeV, || < 2.47, p2iss- > 35 GeV

EjTet > 30 GeV, |njet| < 4.4, AR(e/p/v,jet) > 0.3

9Phys. Rev. D87 (2013)
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Comparison with ATLAS data: cross sections

[Pb] ANjet =0 ]Vjet >0
Exp. | L77500s0™ £0.24syst | 2.7430 075 +0.32syst
MCFM 1.3940.17 1.96+0.17
C-LO 1.427012 2.257021

C-NLO 1.69701 2.9570.30
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Comparison with ATLAS data: distributions (1)
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Comparison with ATLAS data: distributions (2)
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Comparison with ATLAS data: distributions (3)
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Comparison

with ATLAS data:

distributions (4)
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Conclusions

m W~ production process implemented in the POWHEG-BOX-V2
generator

NLO QCD normalization
exclusive generation of the final state particles

m general treatement of isolated photons in the final states:

Z, vy possible applications

m improvement in the data/theory comparison

m the code will be available on the POWHEG-B0OX-V2 repository
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Backup Slides
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Comparison with MCFM, event selections

m Basic Photon cuts:

p1 > 15 GeV, || < 2.37, ARy, > 0.7,
Ry=0.4,e,=0.5

m Myp(lvy) cuts:

Basic Photon + M1 > 90 GeV

m Lepton cuts:

Basic Photon + p% > 25 GeV, |ny| < 2.47, p¥ > 35 GeV

955 in JHEP 1107 (2011) 018
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Comparison with MCFM: NLO results

Cuts MCFM | POWHEG NLO 7 TeV
Basic Photon || 13.12(4) 13.15(1)
Mypcut || 2.770(1) | 2.774(3)
Lepton cuts || 1.126(1) 1.123(4)

Cuts MCFM | POWHEG NLO 14 TeV
Basic Photon || 23.90(8) 24.04(3)
Mrcut | 6.230(2) | 6.250(9)
Lepton cuts || 2.342(2) 2.340(6)

Frixione isolation procedure
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Comparison with MCFM: full simulation (1)

7 TeV

Cuts MCFM POWHEG-NC C-LO C-NLO
Basic | 12.92(3)"5¢ | 13.11(3)75%%, | 12.95(3)™5% | 15.08(7) 2%
My || 2.625(1 )+6% 3.65(2)110% | 3.20(2)"11% 4,23(3)38‘;2
Lept. | 1077176 | 144(1) 58, | L) L | 175() 1y

m MCFM: fragmentation funtions

m POWHEG: experimental-like isolation condition
2Ry <o Brj < enpi
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Comparison

with MCFM: full simulation (2)
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Comparison with MCFM: full simulation (3)

— 10 ¢ T E[— 1 ¢ T 3
g MCFM +—+— | % E MCFM F—+—— 3
& 1 E PWGNC t--4--i 5 3 01 E PWG NC
=) [ PUGC-LO b-»-4 ] 3 1E PIG C-LO 3
= 01 F PWGC-NLO +—8— o = £ PWG C-NLO F—8—i ]
= i 1 = oo b =
< o001 b 4 = E E
o [ 1 = L 4
'g 0.001 £ - 'g 0.001
= 00001 [ | | | 1 = [ ‘
80 |- I MCFM SW
< 40 - S—_— B
B e e o [T T g e
S0 et [ ——)
<
-40 | | | 1 -

15 30 60 120 300
pL(y) [Gev]

Basic cuts

Mauro Chiesa /~ production at LHC witl



