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Introduction | Motivation

Fully exclusive NNLO QCD calculations desirable for several reasons
@ Experimental accuracy has significantly increased.

9@ A reduction of the unphysical dependence on factorization and renormalization scales
— and in particular reliability of the remaining scale-variation uncertainty as an
estimate for missing higher orders — is expected at NNLO.

2 In many process classes, all partonic channels are included only from NNLO on.
o In some phase-space regions, NLO is the first non-vanishing order.
o Jets are treated more realistically.

On the same expected order of magnitude (by naive counting of coupling constants),
NLO EW corrections should also be taken into account.

Importance of V'V production (with leptonic decays) at NNLO QCD
@ Important Standard Model test — trilinear gauge-boson couplings.
@ Background for Higgs analyses and BSM searches.

9@ Some moderate excesses (= 20) in experimental data compared to NLO prediction,
e.g. Wy (ATLAS, 7 TeV), WW (ATLAS, 8 TeV; milder excess also seen at CMS).
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Calculation of NNLO QCD corrections with g~ subtraction Idea of the g subtraction method

Overview of the gr subtraction method

Consider the production of a colourless final state F via qq — F or gg — F:

N)NLO (N)LO
dO'( = dO' f
F G770 F+jet
where gt refers to the transverse momentum of the colourless system F. [catani, Grazzini (2007)]
dg(NMNLO . L . .
fops 0 is singular for gr — 0, but the limiting behaviour is known from
qr

transverse momentum resummation. [Bozzi, Catani, de Florian, Grazzini (2006)]

@ Define a universal counterterm with the complementary gv — 0 behaviour,

dUCT = Z(qT/mF) ® do’LO7 with > known up to NNLO. [Bozzi, Catani, de Florian, Grazzini (2006)]
Qo dagij% can be treated by any local NLO subtraction technique, e.g. by conventional
dip0|e subtraction. [Catani, Seymour (1993)]

@ Add the gr = 0 piece with the hard—collinear coefficient 7, which is derived from the
1-(2-)loop amplitudes in a process-independent way. (Catani, Cieri, de Florian, Ferrera, Grazzini (2013)]

< Full result for (N)NLO cross section

do-i,N)NLO _ ﬂ;N)NLO ® dol© + [do_gi?;? _ 3 (N)NLO @, do_LO]
cuth—>0
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Calculation of NNLO QCD corrections with g~ subtraction Implementation in the MATRIX framework

External ingredients: amplitudes applied in the calculation

Scattering amplitudes up to 1-loop with OPENLOOPS [Cascioli, Maierhdfer, Pozzorini (2011);
Cascioli, Lindert, Maierhdfer, Pozzorini (20149

9 Tree, one-loop and real-emission amplitudes (including colour/helicity correlations
9 Provides also finite (1-loop)-squared amplitudes (not only)

9 Fully automated for NLO (QCD+EW) for any SM process

@ Compact and fast numerical code

Tensor reduction by means of the COLLIER library [penner, Dittmaier, Hofer (2014)]

@ Numerically stable Denner—Dittmaier reduction methods [penner, Dittmaier (2002 & 2005)]
@ Scalar integrals with complex masses [penner, Dittmaier (2010)]

Rescue system by quad-precision CUTTOOLS for critical points [ossola, Papadopoulos, Pittau (2008)]

@ Scalar integrals from ONELOOP [van Hameren, Papadopoulos, Pittau (2009); van Hameren (2010)]

2-loop amplitudes from analytic results

@ Drell-Yan-like amplitudes from [matsuura, van der Marck, van Neerven (1989)]

@ V7 helicity amplitudes from [cehrmann, Tancredi (2011)] , USING TDHPL  [Gehrmann, Remiddi (2001)]

@ On-shell VV amplitudes from private code [von Manteuffel, Tancredi (2014)] , using GINAC
(apphed in [Cascioli et al. (2014); Gehrmann et al. (2014); Grazzini, SK, Rathlev, Wiesemann (2015)] )

@ Off-shell he|ICIty VV/ amp|itudes from VVamp [Gehrmann, von Manteuffel, Tancredi (2015)] ,
using GINAC  [Bauer, Frink, Kreckel (2002) + Kisil, Sheplyakov, Vollinga, - ..]
(independent calculation by [Caola, Henn, Melnikov, Smirnov, Smirnov (2014)] )
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Calculation of NNLO QCD corrections with g subtraction

Amplitudes

OreENLoOOPS Dedicated 2-loop codes
(CoLLiEr, CuTTOoOls, .. .) (VVamp, GINAC, TDHPL, .. .)

MuNICcH
MU N CH

gr subtraction <& ¢t resummation

MATRIX
MunicH Automates qT Subtraction
and Resummation to Integrate X-sections.
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Numerical results at NNLO QCD and comparison to data | NNLO QCD results for pp(— V) —> €8~ /lv~/vvy + X

Setup adapted to the ATLAS analysis @ 7 TeV [aTLAs collaboration (2013)]

ONLO ONNLO

process | p3 .o | Njet | oLo [pb] onLo [pb] | oxnLo [pb] oaTLAs [pb] — | —

5 oLO ONLO

+4.2% 1.3% 40.02 stat% o o

Z~ >0 1.222142% | 1300 113% | 73] +0011 (syst) | +50%|  +8%
o0 £ 0.8149 +8:0% 5.3% 2.3% +0.05 (lumi)

T ol 7" 1osieam | 1osot0m | o105 500 (3 | torv|  +3%

= OO gy | YUY _1ay 7 X004 (Tumi) ° °

hard | >0 [0.0736"%%% | 0.1320 2% | 0.1543 131% +79% | +17%

o o, =+0.013 (stat

Z~y >0 0.1237 4% | 0.1380 *25% | 0.133 1000 {ovor) | +57%| +12%
0.0788 10:3% ” o =+0.005 (lumi)

— vry . —0.9% 1.2% 1.0% =+0.010 stat; o 0

=0 0.0881 "% 10.0866 155 10.116 £o.013 fever) | +12% | —2%

16.8% 4.1% +0.03 stat% o o

Wo >0 2.058 108% | 2.453141% | 77 £0333 (syst) |+136% | +19%
¢ £ 0.8726 +6:8% 6.8% 4.1% +0.14 (lumi)

TR o TP 1305052 | 1037 | 176 T00 (3 | te0%|  +7%

= I 5ige | IR a7y " X008 (Tumi) ° °

hard | >0[0.1158 *%%% | 0.3950 %.%% | 0.4971 5% +242% | +26%

@ Loop-induced gg contributions in Zv turn out to be very small (< 15% of NNLO).
@ Larger K factors in W+ than in Zv can be explained by breaking of radiation zero.
9 Larger K factors in hard wrt. soft setups due to implicit phase-space restrictions . ..

) W S T
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Numerical results at NNLO QCD and comparison to data

NNLO QCD results for pp(— V'

¥) = Ly /Lvy/vvy + X

ransverse mass distributions for pp — (v /lvy + X

PP (— Zv) = vy +X

Distribution in the invariant mass mye,

oy
VE=TTeV
pp > 15 GeV.

dadmg, (/G

0 oy o
Vs =T TeV NLO
10 P} > 40 GeV | — NNLO

b i

Tooa00 500 To00

. N L L
i T (GeV]

o Implicit LO phase-space restrictions: mys, ~66 GeV (soft) vs.

pp (— W7) = vy + X

Distribution in the transverse mass m.

oo 10
ey [6eV]

myey =97 GeV (hard)

— by, [}
ey " i
Vs =T TeV
Nie 20

—= NDO
— o
11 ATLAs

Lvy
107
>ty ©
V=T TeV -- NLO
10t pj > 40 GeV [ — NnLO|

.
214 3 1.4f 214
H i i
ERY L SH— 1 1
o o o

9 Implicit LO phase-space restrictions: mT"7~75 GeV (soft) vs. m"” ~100 GeV (hard)
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Numerical results at NNLO QCD and comparison to data NNLO QCD results for pp(— V~) — L~y /lv~/vvy + X

p+ distributions for pp(— Z~y/W~) — v /vy + X

Distribution in the transverse momentum of the photon p7.

o ey mo
VESTTV |1 1 amas
=0

PP (—Zv) — v+ X

do/dp [/GeV)
dodp]. (1/GV)

Njet 2 0 (|eft)
Njet = 0 (right)

214 214
[ P o % L £ o di AL H
o 1t L H
o 20 50 100 200 500 1000 o 20 50 100 200 500 1000
o7 6] 27 6eV]
pp (= W7) = vy +X w ) « mote = o
VETTV (5 5 aTias z VE=TTV g § atias

Ny 20 : * Ny=0

dafdp} (B/GeV]

dofdp] [/GeV]

Njet > 0 (left)
Njet = 0 (right) Wl 0

B §y 1

20 EJ 100 200 500 000 20 50 100 200 500 Tooo
#f [GeV] 7 [GeV]

datartheory
-
dataitheory

@ Agreement between data and theory is significantly improved when including
NNLO corrections as compared to NLO prediction, in particular without jet veto.
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Numerical results at NNLO QCD and comparison to data | NNLO QCD results for pp —+ WTW ™~ + X

olpb] pp — WHW~+X Ng Lo INLO ONNLO  TggsHHyWW*
[Tev] [pb] [pb] [pb] [pb]
) 7 2052t LS% asa6t3 T a0.04t2 0% 35 tT U
| 8 35.50724%  sa7rtST 0.2 2% 414t 2%
1 13 67.16'%5% 1060740 w8 7t2e g.aatT A%
1 1 73S nerthl% 1313t20% 0.6t

@ Scale uncertainties at NNLO about +3%

added to all predictions

) ) ) ) ) ) ) 1 (MW'/2 < PR, pr < 2Mhy, 1/2 < ,u,R/,u,F < 2).

111? i/i__ii//___:———/ @ Loop-induced gg channel provides about 35%
T —— of NNLO effect.

100 £ E

0.95 b ‘ ‘ .1 @ NNLO/NLO ranges from 9% to 12% when

T8 V3[TeV] 13 1 \/s varies from 7 TeV to 14 TeV.
Q@ 20 excess in ATLAS 8TeV data is clearly reduced by positive NNLO corrections.

@ Further corrections should be taken into account: e off-shell effects @ EW corrections
e photon-induced contributions € NLO QCD for loop-induced gg channel e . ..

@ Calculation of fiducial cross sections could circumvent possible extrapolation problems.
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Numerical results at NNLO QCD and comparison to data | NNLO QCD results for pp —+ WTW ™~ + X

. 1
Relevant for extrapolation from
fiducial to inclusive cross section: 08
pr-veto efficiency >
2 06
veto veto K]
e(pr?) =o(pr < pr°)/0tot - g
% 0.4 NLL+NLO {78
The pr-veto efficiency considered > NNLLANNLO ]
here refers to the transverse 0.2} NLO ----
momentum of the WW system; approx NNLLTEtg o
it is not the jet-veto efficiency. 0 He
jl.2
However, the two transverse z .,
momenta are clearly correlated 271
(and coincide up to O(as)). B[ ————————————

10 20 30 40 50 60 70 80 90 100
py veto [GeV]

@ In the relevant range of p¥°'® ~ 25 — 30 GeV, the approx. NNLL-+NLO prediction
(used in the latest CMS WW measurement  [cus collaboration (2015)] , which is in good

agreement with NNLO prediction) is between NNLO and NNLL+NNLO (best)
prediction, but still ~ 5% higher than NNLL+NNLO (= 3% higher pr-veto efficiency).
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Numerical results at NNLO QCD and comparison to data

NNLO QCD results for pp(— ZZ) — 4 + X

Inclusive on-shell ZZ cross sections for relevant LHC energies

Vs °LO 7NLO NNLO
[Tev] [pb] [pb] [pb]

7 a172f07%  c0a0t28%  e7art2 O

8 sos6 2T 7a76t2EN 2041308

13 osothS% 145230 1603133

1 1002tS4% 1e02t30%  1pe0tS S

@ Scale uncertainties at NNLO about +3%
(Mz/2 < pw, pr < 2Mz, 1/2 < pr/pr < 2).

@ Loop-induced gg channel provides about 60%
of NNLO effect.

— 1 o NNLO/NLO ranges from 12% to 17% when
T8 V3[TeV] 131 /s varies from 7 TeV to 14 TeV.

@ LO, NLO, and NNLO bands don't overlap — underestimation of missing higher orders.
@ No electroweak corrections included.

@ Resonant ZZ contributions are experimentally isolated by my, cuts.
— Cross sections are slightly overestimated in on-shell calculation.
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Numerical results at NNLO QCD and comparison to data NNLO QCD results for pp(— ZZ) — 4£ + X

Setup adapted to the ATLAS analysis @ 8 TeV [atLas collaboration (2013)]

channel oLo [fb] onvo [fb] onNNLO [fb] oaTLAS [fb]
ete"ete™

9 D 0 4.67% (stat)Jro 4 (Syst)Jro ! (lumi)
3.547(1)"3% | 5.047(1)3%% | 5.79(2)"%4% 0.7

— — —2.3% —2.6%
prpT et

5.0 5(stat)+0 2 (syst)"’O 2 (lumi)

efe T 6.950(1)7% %% | 9.864(2)12%% | 11.31(2) 3% | 111749 (stat) "% (syst) TG 3 (lumi)

@ Agreement significantly improved in different-flavour channel.

@ Worse agreement in same-flavour channels, but still consistent at the ~ 1o level.

Setup adapted to the CMS analysis @ 8 TeV (cwvs collaboration (2015)]

channel OLO [fb] ONLO [fb] ONNLO [fb]
efe~ete™ |3.149(1)7% %% | 4.493(1)2 5% | 5.16(1) 3%
phu =T | 2.973(1) %Y | 4.255(1)T3%% | 4.90(1)"35Y%
efe ptpT |6.179(1) %% | 8.822(1) 2% | 10.15(2) 13 %%

@ No fiducial cross sections provided by CMS, but normalized distributions
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Numerical results at NNLO QCD and comparison to data

NNLO QCD results for pp(— ZZ) — 4 + X

Normalized distributions for off-shell pp(— ZZ) — 4¢ + X production

/o dofd m(z2)
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&5 %

o o 9o
b oo
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< e
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NNLONLO eqry/data
e
5 o
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m(ZZ) and p® distributions
@ No significant NNLO impact on the
data—theory comparison of shapes.
2 The NNLO effect on shapes is dominated
by the gluon-fusion contribution.

For the A¢(ZZ) distribution, the NNLO
corrections improve the agreement with data
(A@(ZZ) = 7 in LO kinematics).
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Conclusions & Outlook

Conclusions & Outlook

Conclusions

@ MATRIX — an automated framework to perform fully differential NNLO (++NNLL)
QCD computations for colourless final-state production, based on MUNICH and g1
subtraction (+resummation), applying OPENLOOPS and dedicated 2-loop amplitudes.

@ NNLO QCD results calculated in the MATRIX framework
— Improved agreement between data and theory by NNLO prediction.

o Fully differential results for pp(— Vv) — v /lvy/vvy + X
o NLO and NNLO corrections for W~ much larger than for Z~ (radiation zero).
@ NNLO corrections up to ~ 25% (gg contribution in Z~ very small).

s Inclusive cross sections for pp -+ WTW~ + X
@ NNLO corrections of ~ 10% (gg contribution ~ 35% thereof).
@ NNLL+NNLO studies to assess the effect on the pp-veto efficiency.

o Fully differential results for pp(— ZZ) — 40+ X
@ NNLO corrections of ~ 15% (gg contribution ~ 60% thereof).
Outlook
@ Combination with NLO EW corrections, studies on pdf uncertainties, ...
@ More phenomenological studies on NNLO effects on vector-boson pair production.
@ Medium-term goal: Public version of the numerical program MATRIX.
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Backup

Comparison between Z~ and W+ results

Considerably larger K factors in W~ than in Z~

p = vy
VE =7 TeV
no FSR

Lo
— NLO
— NNLO

process  pyj Niet IONLO  ONNLO .
T,cut je oLo oNLO g
z 50% 8%
8l soft Niey >0 +507% +8%
Wry +136%  +19%
3
4 27% 3% <
Y soft Niet = 0 +27% +3% i
Wy +60% +7%
z 79% 17%
v hard Niey >0 +79% +17%
Wy +242%  +26%

Explanation: Breaking of radiation zero beyond LO

@ ud/di — W*~ amplitudes vanish at

€0s Oqy,cMs = F1/3.  [Mikaelian/Samuel/Sahdev (1979)]

@ Radiation zero leads to a dip at Ay, =0 in iR

pp collisions.  [Baur/Errede/Landsberg (1994)]

dofda,, ]

=Ly
Vs =T TeV
no FSR

Lo
- NLO
— NNLO

<~ Dip filled by higher-order corrections.
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Backup

Numerical stability and dependence on cutg, /4

gr subtraction at NLO gt subtraction at NNLO

PP — e ey +X @7 TeV pry > 15 GeV Pp— ety +X @7 TV pr, > 15 GeV
+0.5 +3.5
INNLO
I +3 1
0 oo
o5 NLo(r)
05 42
- IS
E% -1 = 415
I |
8; 15 F o
7 -1 .
< g +0.5
,2 0
. —0.5
~25 oo
— o) -t
-3 ~15
0 0.2 0.4 0.6 0.8 10 12 1.4 1.6 18 2.0 0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6 18 2.0
=ty 7] 7= ity %)
Pp—etuy +X @ TTeV pry > 15 GeV pp = €1y + X @ T TV pr, > 15 GeV
+6 +10
+5 —+— ofilo(r) ~ iy b —+— ofuolr) ~oxnio
4 ' Tgoman) — oo " TBornNLO4 K ~ INNLO
N —— ayn(r) FrYs [
+3 T —— on(r) + —— orvalr)
T s +4 + —— o
+2 B U - +*+++++ —— gxﬁ:;
2 n o —————y
E | B e o o o O o R oo o o e e £ +U‘* JRARS0NSRIEAR AR 2RSS
- IUUOUIINE T 9 o
_2 . A ARAaaS L
ettt —4 ++
3b +
e 6+
5 8t
—6 ~10
0 0.1 0.2 0.3 0.4 0.5 0 0.1 02 0.3 04 0.5

7 = cuty,o[%)] = cuty, /o[%]




Backup

Photon isolation

Two contributions to photon production
@ Direct production in the hard process,

@ Non-perturbative fragmentation of a hard parton.

Different approaches to define isolated photons

@ Naive ansatz: forbid any partons inside a fixed cone around the photon.
< Not infrared safe beyond LO QCD as soft gluons inside the cone are forbidden.

9 Hard cone isolation (experimentally preferred)

Z Ehad,T((s/) S E'YE'y,T’ 6i’Y = \/(77' - 777)2 + (¢' - ¢’Y)2

8 <8

— Only infrared safe if combined with fragmentation contribution
(due to quark—photon collinear singularity).

@ Smooth cone isolation [rixione (1998)]

Z Ehaa,T(8) < eyEyr (LOS(&)> vV §<do

= 1 — cos(do)

— Smooth cone isolation eliminates fragmentation contribution completely.
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Backup

NLO QCD cross section via dipole subtraction

Schematic formula for the NLO cross section with dipoles [catani, seymour (1993)]:

1
NLO R v C A A
o :/da—i—/da—i-/dz/da —/ d0'+/ do”,
m+1 m 0 m m+1 m+1
—_—— —— N———
real virtual collinear-subtraction
corrections corrections counterterm

do® = Z do® ® dVipole

dipoles
= / [dJR — daA] = RA

m+1 e=0

- / [dav + > dof® vdipole(l)] = VA
m dipoles =
1

+/dz/ [dgc+ Z /dUB(Z)®[dVdipole(Z)]+] . = CA
0 m dipoles V1 =

dvdipole(z) = [dvdipole(z)]+ + dVdipole(1)6(1 - Z)
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Backup

NLO QCD cross section via gr subtraction

Schematic formula for the NLO cross section

1
NLO R v C
o = / do™ + / do’ + / dz / do
m+1 m 0 m
—— —— N——
real virtual collinear counterterm

= finite, but depends on cutg, /4

1
+/dav+/dz/dac
m 0 m

identified with corresponding terms
in g resummation

R
/ do
m+1 ar/q > cutg /g

+ / do®
m+1

approximated by results known
from g1 resummation

~ / do®
m+1

+ % d(qr/a)=V(qr/q) ® oLo

cutyr /q

ar/q < cutgr /g

9 no cut dependence,
+ZH W oo e

ar/a > cuty /g

9 contains (finite) 1-loop part.

@ cancels cutg, /, dependence,

Q@ assigned to Born phase-space.
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Backup

NNLO QCD cross section via gr subtraction

Schematic formula for the NNLO cross section

1
NNL RR RV R
o O:/ do +/ do +/dz/ do®¢
m+2 m+1 0 m+1
—_—— —— — —
double-real real-virtual real—collinear
NLO at gt # 0 calculable via NLO subtraction,
= OFjet

but divergent for gv — 0 = cut,, /4

1 1 1
—l—/daw +/dz/ davc—l—/dzl/dzz/ do¢¢
m 0 m 0 0 m

——

double-virtual virtual—collinear double-collinear

NLO
= OF+jet

ar/q > cutgr /g

1 1 1
NLO w vC cc
+ OFijet +/da —l—/dz/da +/d21/d22/da
ar/q < cutgr /g m 0 m 0 0 m
approximated by results known identified with corresponding terms
from g resummation in g7 resummation
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Backup

NNLO QCD cross section via gr subtraction

Schematic formula for the NNLO cross section

1
UNNLO — [/ dURRA+/ dURVA+/dZ/ dO'RCA:|
m+2 m+1 o Jmn

= a?fj?t = finite, but dependence on cuty, /4

ar/a > cuty /g

qr/q > cutgr /q

2 @ no cut dependence,
+(2)H P @ouo e

T 9 contains (finite) 2-loop part.

@ cancels cutg..,, dependence,
2 o0
+(%) / d(gr/q)=? (qr/q) @ oo { @ contains (finite) 1-loop part,
T cut,
/9 Q@ assigned to Born phase-space.
All relevant ingredients from gt resummation (HF?, £)(qr/q) for i < 2) are known.

— Direct implementation into a Monte Carlo integrator feasible.
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Realized within the fully automated NLO (QCD+EW) Monte Carlo framework
MUNICH (MUlIti-chaNnel Integrator at Swiss (CH) precision) s«

o Applicable for arbitrary Standard Model processes (including partonic bookkeeping).

@ Phase-space integration by highly efficient multi-channel Monte Carlo techniques
< Additional MC channels based on dipole kinematics constructed at runtime.

@ OPENLOOPS interface, automatized implementation of dipole subtraction, etc.
@ Simultaneous calculation for different scale choices and variations.

Extension to automated (gr subtraction) NNLO QCD framework (crazzini, sk, Rathley]
@ Process-independent construction of cut,, /,-dependent counterterms y2),

@ Process-independent extraction procedure for hard coefficients H2),
@ NLO calculation for F+jet with finite cut,, /, already available in MUNICH.

@ Importance sampling performed on top of multi-channel approach
— improved efficiency and reliability in particular for low cut, . ,, values.

@ Simultaneous evaluation of observables for different values of the regulator cut,, /4
< allows for monitoring of cut,,.,, and for extrapolation cut,, ,, — 0.
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Backup

Numerical results for pp — Zvy — 1717y + X at NNLO QCD

Setup adapted to the ATLAS analysis @ 7 TeV LO diagrams
[ATLAS collaboration (2013)]
a
Leptons p,‘f > 25 GeV I
[nf| < 2.47 a -

Photon  pJ. > 15GeV (soft p}. cut) or pj. > 40 GeV (hard p]. cut) a
In7| < 2.37
Frixione isolation with e4 = 0.5, R=0.4,n=1

a
Jets anti-kr algorithm with D = 0.4
jet
'I? ) > 30 GeV q 1+
|,,’Jet| <44 >\/\.§ 1+
Njet > 0 (inclusive) or Njo; = 0 (exclusive) q z -
Separation Mmy+p— > 40 GeV a
AR(¢,v) > 0.7 3y
. I
AR(£/7,jet) > 0.3 . Z +
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Backup

Numerical results for pp - W~y — lvy + X at NNLO QCD

Setup adapted to the ATLAS analysis @ 7 TeV LO diagrams
[ATLAS collaboration (2013)]
a
Lepton p% > 25 GeV dI :; 1
In| < 2.47 u wt 1
Neutrino P4 > 35GeV 1 wt X
A

Photon p > 15 GeV (soft pJ. cut) or pl. > 40 GeV (hard pJ. cut)
[n7| < 2.37 “
Frixione isolation with ey = 0.5, R=0.4, n=1

Jets anti-kt algorithm with D = 0.4 d o+
it > 30 GeV ) r
|piet| < 4.4 u !
Njet > 0 (inclusive) or Nje; = 0 (exclusive)
Separation AR(L,v) > 0.7 d w 1
AR(¢/v,jet) > 0.3 A !
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Backup

Numerical results for pp — Zy — vy + X at NNLO QCD

Setup adapted to the ATLAS analysis @ 7 TeV

[ATLAS collaboration (2013)]

Neutrinos plf’7 > 90 GeV
Photon pg > 100 GeV
In7| < 2.37
Frixione isolation with ey =05, R=0.4, n=1
Jets > 30 GeV
[iet| < 4.4

Njet > 0 (inclusive) or Nje; = 0 (exclusive)

Separation AR(y,jet) > 0.3
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