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Why is diphoton production important?

& It is a channel that we can use to check the validity of perturbative
Quantum Chromodynamics (pQCD)

¢ Collinear factorization approach
¥ K factorization approach

¢ Soft gluon logarithmic resummation techniques

¢ |t constitutes an irreducible background for new physics searches

< Universal Extra Dimensions
¢ Randall-Sundrum ED

¢ Supersymmetry

¢ New heavy resonances

¢ Irreducible background

+ In studies and searches for a low mass
Higgs boson decaying into photon pairs
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The search for the SM Higgs boson
& Direct searches at LEP2 exper\jments > M@@cz

(95% C.L.)
\
A\.‘,‘.-
: uly
One of the most promising channels at the LHC is the
rare decay of the Higgs boson into a pair of photons
N H = vy v

(ATLAS)

117.5 GeV/c*< M, < 118.5 GeV/c*

122.5 GeV/c* M iogs < 129 GeV/c?
(95%CL.) (95% CL)

g Combined results ATLAS - CMS ~ 141 (@sz
(95% CL.)
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(CMS)
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The search for the SM Higgs boson
¢ Direct searches at LEP2 experiments >~ M@Z

M ~ 125GeV |l

new Boson

One of the most promising channels at the LHC is the
rare decay of the Higgs boson into a pair of photons

. H - vy y

.. Inorder to understand the signal we have to control the
v background to this process in the best way that we can.

& Combined results ATLAS - CMS - 4 (@V/CZ
(95% CL.)
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Photon production

When dealing with the production of photons we have to consider two
production mechanisms:

Y
q Y

Direct component: photon directly
produced through the hard interaction

Fragmentation component: photon produced
from non-perturbative fragmentation of a

hard parton (analogously to a hadron)
Single and double resolved (collinear fragmentation)

; Fragmentation function:  Calculations of cross sections with photons have additional
to be fitted from data singularities in the presence of QCD radiation.
(i.e. When we go beyond LO)

When quark and photon are collinear - singular propagator% I
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Photon production

& Experimentally photons must be isolated
¢ Isolation reduces fragmentation component

& Experimentalist may choose:

had Y had erLiB
Z ETa S gypT 6 _—q Z E <
0<Ry 0< Ro

Large Corrections

Using conventional isolation, only the sum of the direct and fragmentation contributions is meaningful.
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Photon production

& Experimentally photons must be isolated
¢ |solation reduces fragmentation component

& Experimentalist may choose:

Large Corrections

Y

had Y had mafs
Z Er™ < ég&pr 1 Z brm <k
0<Ry 0< Ro

Using conventional isolation, only the sum of the direct and fragmentation contributions is meaningful.

But there is a way to isolate and make the direct cross section physical

(Infrared safe)

Smoath cone 'SOlation S. Frixione, Phys.Lett. B429 (1998) 369-374,

Soft emission allowed arbitrarily close to the photon

X(0) =€, E

1 —cos(d) \"  no quark-photon collinear divergences
1 — cos(Ry) # no fragmentation component (only direct)
¢ direct well defined by itself

E24(§) < x(8) such that lim x(8) =0
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X(r)

— 0.

=]

Standard Photon Isolatior ~ glZed(§5) < plhad

T max

— 0.6

Smooth Photon Isolation Ehad(§) < Ehad 1 (6)

i TN J(
™ S.Frixione s
TEE # no quark-photon collinear divergences
1 —cos(d) \" <1 # no fragmentation component (only direct)
x(0) = 1 — cos(Ro) = # Direct contribution well defined

More restrictive than usual cone : lower limit on cross section (close for small R)

In real (TH)life... how much different? NLO comparison Ry =0.4 n =1

CMS Higes cuts at 7 TeV Standard: direct+fragmentation (Diphox)
Invariant mass distribution

110 120 130 140 150 160
Efmas standard/smooth T T = 'St'anld;rd': E'Thh::,; — :m
3 GeV < 1% 3 | h’%._l .
4 GeV 1% S '
5 GeV 3% g ]
0.05 pr < 1% 1
0.5 pr | 1% —

110 120 130 140 150 160
M,, [GeV]

if isolation tight enough, hardly any difference between standard and smooth cone
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X(r)

— s ]

— 0.4

S.Frixione

Standard Photon Isolatior

Smooth Photon Isolation

E%ad(é) E Ehad

T max

E7*(0) < Ef'nan X(0)

Invariant mass distribution

120 130 140 150

1 _
More restric
In real (T

CMS Higgs cut

E?P
2 C
3G
4 G
5C

—— Standard: E;{"¥9= 3GeV

— Frixione : E{"*9=0.05 p¥

—— Frixione: Et"9= 3GeV
Standard: Ef™9= 5GeV

0.0
0.5\

if isolation tight enoug
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Available theoretical tools

DIPHOX Hul NLOfor direct and fragmentation
+ Box contribution (one piece of NNLO)

gamma2Z2MC FRull NLO (direct only) + Box
+ correction to Box contribution partial N3LO term

MCFM  HUl NLOfor direct, but only LO for fragmentation
+ correction to Box contribution partial N3LO term

Resbos NLL ¢ resummation for direct (with regulator

| for collinear singularities)
+ correction to Box contribution partial N3LOterm

+ MC generators : Herwig, Pythia, SHERPA
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Avalilable theoretical tools
DIPHOX Rl NLOfor direct and fragmentation
+ Box contribution (one piece of NNLO)

gamma2MC Full NLO (direct only) + Box
+ correction to Box contribution partial N3LO term

MCEFM  HUl NLOfor direct, but only LO for fragmentation
+ correction to Box contribution partial N3LO term

Resbos NLL ¢ resummation for direct (with regulator

for callinear singularities)
+ correction to Box contribution partial N3LO term

/ Results tipically in good agreement with data, but some \

differences observed:
¢ Azimuth separation for diphoton production

¢ Low mass region of the invariant mass distribution
It is desireable to count on a NNLO description of the

\ phenomenology of diphoton pro lu tion /
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q.subtraction method - ......c.....o

Let us consider a specific, though important class of processes: the production
of colourless high-mass systems F in hadron collisions
( F may consist of lepton pairs, vector bosons, Higgs bosons......)

C
At LO it starts with ¢¢c — F >@: F
C

Strategy: start from NLO calculation of F+jet(s) and observe that as soon as

the transverse momentum of the F, ¢ Z 0, on can write:

4 N
F . F+jets
dU(N)NLO ‘QT#O — dU(N)LO

- /

Define a counterterm to deal with singular behaviour at gr — 0

the singular behaviour of dcr(;ffg Is well known from the resummation

program of large logarithmic contributions at small transverse momenta

G. Parisi, R. Petronzio (1979)
J. Collins, D.E. Soper, G. Sterman (1985)
S. Catani, D. de Florian, M.Grazzini (2000)
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q.subtraction method - ......c.....o

choose doCT ~ do9) g EF(QT/Q)
(s F(n;k) QE k IQE
where g7/ Q) )l
5 (gr/ lel( ) Z 7 7

Then the calculation can be extended to include the gr = 0 contribution:

F+jets
do(yvro = Hivyvzo ® doro + [d‘f’ ( ;\;F)JLE) do(n) Lo

where | have subtracted the truncation of the counterterm at (N)LO and
added a contribution at gr = 0 to restore the correct normalization

The function H" can be computed in QCD perturbation theory

M =14 () HEW 4 (%)271”2) b
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q.subtraction method - ......c.....o

For a generic pp — F + X process:

& At NLO we need a LO calculation of do
dﬂ'CT and HEW

F+3et(s) 51us the knowledge of

¢ the counterterm dULo requires the resummation coefficients
A B and the one loop anomalous dimensions

D. de Florian, M. Grazzini (2000)
G. Bozzi, S. Catani, D. de Florian, M.Grazzini (2005)

& At NNLO we need a NLO calculation of dg¥ t3et(s) plus the
knowledge of do'§;% , and HEF(2)

¢ the general form of HE W is known

¢ the counterterm do$§To depends also on the resummation
coefﬁoents A® B®) and on the two loop anomalous dimensions

¢ we have computed H?) for Higgs and vector boson production!

¢ generalized to any process with final state colorless system F

S. Catani, M. Grazzini (2007)
S. Catani, L. C, G.Ferrera, D. de Florian, M. Grazzini (2009)
S. Catani, L. C, G.Ferrera, D. de Florian, M. Grazzini (2011)
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q.subtraction method - ......c.....o
For a generic pp — F + X process:

This is enough to compute NNLO corrections for any
process in this class provided that F+jet is known up to

NLO and the two loop amplitude for €€ = F is known

§ At NNLO we need a NLO calculation of dg¥T3€t(s) plus the
knowledge of do'§;% , and HEF(2)

¥ the counterterm dJNm depends also on the resummation
coefﬁuents A® B®) and on the two loop anomalous dimensions

¢ we have computed HE® for Higgs and vector boson production!

¢ generalized to any process with final state colorless system F

S. Catani, M. Grazzini (2007)
S. Catani, L. C, G.Ferrera, D. de Florian, M. Grazzini (2009)
S. Catani, L. C, G.Ferrera, D. de Florian, M. Grazzini (2011)
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q.subtraction method - ......c.....o

DiPhoton production at NNLO

In our case

TWO-lOOP amplitudes available  C.Anastasiou, EW.N.Glover, M.E. Tejeda-Yeomans

Di-photon + jet at NLO computed V.Del Duca, EMaltoni, Z.Nagy, Z.Trocsanyi

implemented in NLOJet++

Z. Bern, L. J. Dixon and D. A. Kosower (1995)
A. Signer (1995)

V. D. Barger, T. Han, J. Ohnemus and D. Zeppenfeld (1990)
V. Del Duca, W. B. Kilgore and F. Maltoni (2000)
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q.subtraction method - ......c.....o

DiPhoton production at NNLO . H F(2)

In our case

TWO-lOOP amplitudes available ® C.Anastasiou, EW.N.Glover, M.E. Tejeda-Yeomans

Di-photon + jet at NLO computed V.Del Duca, EMaltoni, Z.Nagy, Z.Trocsanyi

implemented in NLOJet++

Z. Bern, L. J. Dixon and D. A. Kosower (1995)
A. Signer (1995)

V. D. Barger, T. Han, J. Ohnemus and D. Zeppenfeld (1990)
V. Del Duca, W. B. Kilgore and F. Maltoni (2000)
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q.subtraction method - ......c.....o

In our case

Two-loop amplitudes available * C Anastasiou, EW.N.Glover, M.E. Tejeda-Yeomans

DiPhoton production at NNLO . H F(2)

dO_F-I—jet(s)

Di-phOtOI‘I + jet at NLO computed ¢ V.Del Duca, EMaltoni, Z.Nagy, Z.Trocsanyi

LHCPhenoNet Mid Term Meeting, Ravello, Italy

implemented in NLOJet++

Z. Bern, L. J. Dixon and D. A. Kosower (1995)
A. Signer (1995)

V. D. Barger, T. Han, J. Ohnemus and D. Zeppenfeld (1990)
V. Del Duca, W. B. Kilgore and F. Maltoni (2000)
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q.subtraction method - ......c.....o

LHF®

DiPhoton production at NNLO
i : o dot e (s)
Two-loop amplitudes available * C Anastasiou, EW.N.Glover, M.E.Tejeda-Yeomans

Di-phOtOI‘I + jet at NLO computed ¢ V.Del Duca, EMaltoni, Z.Nagy, Z.Trocsanyi

implemented in NLOJet++

{ Fully exclusive NNLO code for pp — e ]

2 NNLO First exclusive NNLO in pp collisions with two final state particles
,}/ S.Catani, L.Cieri, D.de Florian, G.Ferrera, M.Grazzini (2011)
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Diphoton production with 2yNNLO

L 54

€

No fragmentation contribution

€

€

Also corrections to Box contribution,

S.Catani, D. de Florian, G.Ferrera, M.Grazzini, LC

= Based on the g subtraction formalism
Fully exclusive NNLO description(direct contribution) for pp(p) — vy

Frixione Isolation

partial N3 LO terms available

(Avallable but not present in the folloning analysis)

Full NNLO means full control of theﬁ’ dlagrams

\\N\‘\)
VA

e
T
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Diphoton production with 2yNNLO

S.Catani, D. de Florian, G.Ferrera, M.Grazzini, LC
= Based on the g subtraction formalism

Fully exclusive NNLO description(direct contribution) for pp(p) — vy

No fragmentation contribution

Also corrections to Box contribution, partial N° LO terms available
(Available, but nat present in the following analysis)

Full NNLO means full control of thed (o1 2)dlagrams

€ =€«

€

€
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Diphoton production at NNLO

S.Catani, D. de Florian, G.Ferrera, M.Grazzini, LC

First results using 2yNNLO

4000 *
o(fb/bin) |
3000

2000

1000

NNLO effect about +50 % in the peak region

MSTW 08
MRr=HF=M,,

4_

—
—
——

LHCPhenoNet Mid Term Meeting, Ravello, Italy

First exclusive NNLO with two final state particles

VS = 14TeV
p}h‘”’”ﬂ > 40 GeV
p}‘g“f "> 25GeV
n'| <25
20 GeV < M., < 250 GeV

Ur=pr =M,

Box only ~22% of NNLO correction
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Diphoton production at NNLO

S.Catani’ D. de F|0rian’ G.Ferrera’ M_Grazzini’ LC FII’St EXC|USIVE NNLO W|th tWO ﬁnal State part|C|eS

First results using 2yNNLO

40%: —— NNLO  MSTW 08 a0 ] \/g — 14 TeV
[ ---- NLO  pp=pp=M,, | = T---___ | .
fb/bin)| -------- LO - v har
o(fb/ 111): . o | Pr E 40 GeV
3000 } I-Kmnnm """ 1. soft
. Sl | P12t > 95 GeV

100 120 140 180

2000 ‘?}ﬂ < 2.9
20GeV < M, , < 250 GeV
1000
_______ e wr = prp =M,
[ eeR e Y e SR O § T_] - N
0 %0 100 120 140 160 180 gt YLD e
M'J"? (GEV) G'-NLO-FB{JI i Sm
NNLO
a
g ~ 1.55
NLO
L y
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Huge corrections 1 : new channels

Channels @ 14 TeV

1.0 _ _ o _ 1.0
Ry=0y/0 NLO NNLO o k
0BF-—_____ _ { LHC 14 TeV o, Box/ee 14 o8
ag T T = 0z} :
qg [ 0.0 ] ] 1 I 1
qg 100 120 140 160
0.6 T - 1 os
0.4r T g 1 0.4
"_/_{:l,q7—___4,———’-_——_ L =" ’ T e =
0.2 T 1 0.2
q9 R
U.{} T L | ke N a I I R . - D.'D
100 120 140 160 100 120 140 160 180
M., (GeV) M,, (GeV)

Box only ~22% of NNLO correction

Main contribution from gg channel
(corrections to NLO dominant channel)
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Diphoton production at NNLO

S.Catani, D. de Florian, G.Ferrera, M.Grazzini, LC First exclusive NNLO with two final state particles

pr of harder and softer photon

8000 a(fb/bin) — NNLO 1 LHC 14 TeV MSTW 08 | goo0
‘ #R:#F:Mw
8000 | | 6000 The requirement
Softer 7 p’. =240 GeV
implies that at LO
4000 | 1 4000 also the
softer photon
must have
2000 i { 2000 p’ =40 GeV
I
0 P e 0
40 40 60 80 100 120
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Diphoton production at NNLO

S.Catani’ D. de F|Orian’ G.Ferrera’ M_Grazzini’ LC FII’St eXC|US|Ve NNLO W|th tWO ﬁnal State part|C|eS

pr of harder and softer photon

8000 F U(fb/blﬂ) —— NNLO + LHC 14 TeV MSTW 08 | 8000
pUr=Mp=M,,
ﬂl‘ he requiremelh
6000 | 1 6000 3
Softer vy P2 40 GeV
implies that at LO
4000 1 4000 also the
softer photon
must have
2000 F . 1 2000 p”’T > 40 GeV
[
7
U N T 1 P 3 ﬁ
40 40 60 80 100 120

not allowed at LO

Large contribution to cross-section

¢ Substantial contribution from radiation in the region 25 GeV < pT < 40 GeV
€ Unphysical peak in p¥_, at p¥_=40 GeV
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Diphoton production at NNLO

S.Catani’ D. de F|0rian’ G.Ferrera’ M_Grazzini’ LC FII’St EXC|USIVG NNLO W|th tWO ﬁnal State part|C|eS

Discrepancy between NLO and experimental data

CMS \/s =7 TeV, L = 36 pb™
L AL LA AN AL BN L L L L L B L L B
B . o <25, E+, >20, 23 GeV
DataED1D,‘-.|"_5=?TeV,det:B?pb1 8 . m|||u-|.T.‘Y..|....|||..|||..|..J.J.
T p'>16 GeV, E<™" < 4 GeV, AR">0.4 4+ 2 — Theory DIPHOX + GAMMA2MC K
= In?l<2.37 excluding 1.37<n’|<1.52 & — —e— Measured
. 107 = -+ measured (stat) = & 1 02 —+— Stat. uncertainties gl i—_
e - + measured (stat & syst) = =y L. —— Stat. @ syst. uncertainties ol
< ~ : i n [ S=fe=s Theoretical scale uncertainties i
= B == DIPHOX RN n % i PDF + o, uncertainties i
‘—'g: B = ResBos — "-6. i _ 1
s e o8 |
N f B B
e \I\\ 55 ) i
o 2 3 : --------------- :
= B | $ } DIPHOX i }: I |
E 0 EWM R T e e B S I I a\\\m_x‘.: —z | I |
[=] =
= -1 = = i
o , =
&) 2 - - - :
= 1E ResBos B | Sessmsmmmiesasg 7
: o R B ——
% -1 ;_ —z -b I I (I | | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | |
=5 05 p 15 P 25 3 - 0.5 1 1.5 2 2.5 3
ﬁqrr [rad] ﬁq}

Y
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Diphoton production at NNLO

S.Catani’ D. de F|0rian’ G.Ferrera’ M_Grazzini’ LC FII’St EXC|USIVG NNLO W|th tWO ﬁnal State part|C|eS

Discrepancy between NLO and experimental data

CMS \/s =7 TeV, L = 36 pb™
L AL LA AN AL BN L L L L L B L L B
a o o ml < 2.5, E;, > 20, 23 GeV
i DataED1D.\"§=?TeV,_rLdt=3?pb 58 . ||.-|.T.‘T..|... T
p>16 GeV, EP" < 4 GeV, AR">0.4 + 2 — Theory DIPHOX + GAMMA2MC K
» | I'l<2.37 excluding 1.37<[n'|<1.52 & ] — 5 —e— Measured o
— 10 = + measured (stat) = &=1(Q“ —+ Stat uncertainties cl ij
o — 4 measured (stat ® syst) = (=N L. —— Stat. @ syst. uncertainties i
o B . DIPHOX ‘ . _.g R, Theoretical scale uncertainties ]
a B o NN . i PDF + a, uncertainties ]
— — ~+ ResBos 1 “'-6-
e N + | S - -]
- a i
N N\ .
ATLAS 7 ]
O 2 1 I 1 1 I ] 1 1 I ! I’ '] I: :
= 3
Y 1 _.|.__+_DrlF"Hl‘::?l'.‘.*'fi_E i
E 0 WM R R I I a\\\m_x‘.: = i
= -1 = i
o . E
o 2 - - - 3 |
= 1 E ResBos :
% -1 ;— —; -b I I (I | | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | l
T i S S— 05 1 15 2 25 3
Ao [rad] A(p

Y
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Diphoton production at NNLO

S.Catani’ D. de F|Orian’ G.Ferrera’ M_Grazzini’ LC FIFSt eXC|US|Ve NNLO W|th tWO ﬁnal State part|C|eS

Discrepancy between NLO and experimental data

7 TeV, L = 36 pb™

L — T T T T T 1 | I — | — | — T T 1 I
:Data.?m{},\."E:E - | | | [D | [: e N I
pi>16 GeVv, E-"™" &= B —e— Daia = +
i I|<2.37 excluding .g_ — DIPHOX CTEQS6GM 1
— 10° £ -+ measur =~ B M=l = =M/2 B - ii
3 - 4measur S o e RESBOS CTEQ6M o
=1 » === DIPHO. :EI 10 == e PYTHIA yy+7j — A
_';: B ~ ResBos 'E E ...... PYTHIA vy E - :
-e_ B - -
&= - B = |
= -
o 10 - T.'? = -
10 ot i
= !‘1 = -
g E - - ol :
o ! } - - : -
= agmm Y B He T ]
= o _
) _:
= 2 - N
= 1F _ -
ﬁ 0F -
i 1F | L1 1 1 | I | | |
20 05 ” R _ 4 f 2.5 3
=1 | .__:" ._E ]
10 =t el e bty v v by v by v v by vy s 1A A(PTT
0 0.5 1 1.5 2 2.5 3
Ad (rad)
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Diphoton production at NNLO

S.Catani, D. de Florian, G.Ferrera, M.Grazzini, LC

Discrepancy between NLO and experimental data

- Data 2010,\/s=7 TeV, | Ldt=37 pb"' ]
- % p’>16 GeV, E-"" < 4 GeV, AR" >0.4 7
B i n'|<2.37 excluding 1.37<n'|<1.52 n
— L & -+ measured (stat)
% = } + measured (stat @ syst) = =
E - = DIPHOX ]
=% — - ResBos —
5 ]
S K& _
5 .
- ATLAS A R .
11 1 I I’ 11 I 1 1 '] 1 1 1 1 1l 1 I 1 I\I\ 1 1 \T L1 I 11 1
I 1 - . - . - - - -
S osf DIPHOX:
s o %\\\\k\\it%'k\\fq“\m\m?ﬁ\\ + 2
|8 05F =
-1 : : : :
U 1 ! i -
< oas5EF ResBos
o : ]
I e i
8 osf _+"'+' "+ E
10 20 40 60 80 100 120 140 160 180 200 220
m.. [GeV]
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First exclusive NNLO with two final state particles

do/dm,, (pb/GeV)

CMS \s=7TeV, L = 36 pb"

M

| < 2.5, ETT:;ED 23 GeV

—— Theory DIPHOX + GAMMAEMG—
—e— Measured .
—— Stat. uncertainties

—— Stat. @ syst. uncertainties

----- Theoretical scale uncertainties
PDF + o, uncertainties

e
| IIIIII|

50 100 150 200 250 300
m,, (GeV)
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Diphoton production at NNLO

S.Catani, D. de Florian, G.Ferrera, M.Grazzini, LC First exclusive NNLO with two final state particles

Discrepancy between NLO and experimental data

E 1 D EI 1 l | LI I Frriri I | L l | l | L | rrri I rrri I | L I | LI IE \E = ? TEU._. L = 36 pb-1
- % = CDF Il Diphoton 5.4 fb™ N Dt =
| - — ET.'-"-"1 5,1? GEU, MI{-l .ﬂ, — LA N L R B I B B N
i + - A R>0.4,Is0<2 GeV EIE’HSJ{ EJEQEM ] ry DIPHOX + GAMMA2MC
= 1 1L FHi=Hg _ sured i
o E E ------ RESBOS GTEOBM E uncertainties
O - ~ ."!. e PYTHIA vy = @ syst. uncertainties —
=4 B B f:.h ______ PYTHIA vy ] yretical scale uncertainties 7
= 4 + o, uncertainties 7
EE; — R — ]
© .p,'lu" - 3 i
= - |
10" %“ ; .
: S 1 3 E
= — - = 7
- ATLAS 0 o . = ]
.. & F a1 ] © _
Q TE ' = ™ == - |
E G.EE— -3 ‘.  PR—— —
Q T \-t + O 10 = e =
8 osF : SRR - 3
o ol oy wovt ' :
= osf 10 = : f = ]
g —+— - : T i —— T
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Diphoton production at NNLO

S.Catani’ D. de F|0rian’ G.Ferrera’ M_Grazzini’ LC FIFSt EXC|USIVE NNLO W|th tWO ﬁnal State partIC|ES

Discrepancy between NLO and experimental data at low A¢).,,
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Diphoton production at NNLO

S.Catani, D. de Florian, G.Ferrera, M.Grazzini, LC

NNLO Corrections much larger in some kinematical regions ‘
NLO effectively lowest order

Preliminary results
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Ad.,,
NNLO corrections essential to understand the background
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invariant mass below the LO threshold
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observed in the A¢,, distribution.
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~ Preliminary comparison CDF 9.5 fb"' results
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do/dA¢ (pb/rad)

~ Preliminary comparison CDF 9.5 fb" results
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Summary

& Sizeable NNLO corrections to the yy mass
distribution in kinematical regions related
to Higgs boson searches

A

{ 40-55% effect over NLO\

& NNLO very large away from back-to-back “needed to understand
configuration (effectively NLO) LHC data

& At NNLO starts to reliably predict values of cross sections in all
kinematical regions (with very few exceptions; e.g Py = 0)

& Cross section with “smooth” isolation, is a lower bound for
cross section with standard isolation.

¢ Work in pProgress:. release a \ + approximation of standard isolation

public version of 2yNNLO _ \*
.DQ‘SL‘/
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Why do we need NNLO corrections?
NNLO QCD corrections in diphoton production

YY production smmp some NNLO terms known to be as large as Born!

BN

o s

e

e

O (a?%) butgg Luminosity O(a?) but ggLuminosity

# Box contribution already included in NLO calculation DIPHOX: T.Binoth, J.P.Guillet, E.Pilon,

M.Werlen



Why do we need NNLO corrections?

NNLO QCD corrections in diphoton production
YY production smmp some NNLO terms known to be as large as Born!

BN

o

e

O (a?2) butgg Luminosity

+ Box contribution already included in NLO calculation

e

O(a?) but qg Luminosity

DIPHOX: T.Binoth, J.P.Guillet, E.Pilon,

M.Werlen

# Full NNLO control of Di-photon production is desired (main light Higgs bkg)



Diphoton production at NNLO

S.Catani, L.Cieri, D. de Florian, G.Ferrera, M.Grazzini
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€ Impact of NNLO corrections a bit smaller than at the LHC but still important

First exclusive NNLO with two final state particles

€ NNLO effect about +30%
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Diphoton production at NNLO

S.Catani, L.Cieri, D. de Florian, G.Ferrera, M.Grazzini First exclusive NNLO with two final state particles
250 Vs=TTeV
o(fb) p > 40 GeV
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& All channels open mmmml)  estimate of
at NNLO TH uncertainties
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excluding 1.4442 < |n7| < 1.566

e = (.05



Diphoton production at NNLO

S.Catani, L.Cieri, D. de Florian, G.Ferrera, M.Grazzini First exclusive NNLO with two final state particles
250 Vs=TTeV
o(fb) p > 40 GeV
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Diphoton production at NNLO

S.Catani, L.Cieri, D. de Florian, G.Ferrera, M.Grazzini First exclusive NNLO with two final state particles
250 Vs=TTeV
hard
a(fb) CMS cuts (Higgs) MSTW 08 p} > 40 GeV
200 } pug and up= (2,1/2) M, . p}mﬁ > 30 GeV

LHC 7 Tev 100 GeV < M, < 160 GeV

150
n'l < 2.5

100 = _ Sova Il | ] excluding 1.4442 < |T}.r| < 1.566
e = 0.05

G Bern, Dixon, Schmidt {IDUE}\
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g Scale does not represent TH mmmmm)p new channels
uncertainties at LO and NLO Some N3LO terms known

¢ All channels open - estimate of \ to contribute ~5% /

at NNLO TH uncertainties




Diphoton production at NNLO

S.Catani, L.Cieri, D. de Florian, G.Ferrera, M.Grazzini First exclusive NNLO with two final state particles
250 Vs=TTeV
o(fb) g:u}hﬂrd > 40 GeV
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Diphoton production at NNLO

S.Catani, L.Cieri, D. de Florian, G.Ferrera, M.Grazzini First exclusive NNLO with two final state particles
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Diphoton production at NNLO

S.Catani, L.Cieri, D. de Florian, G.Ferrera, M.Grazzini First exclusive NNLO with two final state particles
250 Vs=TTeV
 hard r
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Diphoton production at NNLO
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