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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

-

All These motivations are strengthened by
the spectacular observation of a
new neutral boson (M“125 GeV)
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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:

Large Corrections

Y

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

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 Isolation ~ EZed(5) < phed

T max
Smooth Photon Isolation Ehed(5) < Ehad y(5)
- S.Frixione
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
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if isolation tight enough, hardly any difference between standard and smooth cone
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X(r)

j i S.Frixione
2] :
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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

INFN-Firenze
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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

t r
\ phenomenology of diphoton pro .|LI tion /
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Differential cross sections: CDF
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(data-PYT)/PYT

(data-DPX)/DPX

‘ Data-to-theory cross section ratios: CDF I
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Differential cross sections: CDF
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‘ Data-to-theory cross section ratios: CDF I
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‘ Differential cross sections for PT(yy)>M“H: CDF I
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* Low statistics * Low statistics * Low statistics
* Excess of data over theory for * No events below P,(yy) = 20 * Data spectrum harder than
M, <30 GeV/c? GeV/c predicted for Adp<1.5 rad
* Excess of data over theory e Spectrum suppressed for
for P-(yy) = 20 — 50 GeV/c Ad,,>1.5 rad

(the “Guillet shoulder”)
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Kills Born-like contributions ° o
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Only real corrections (NLO)
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e z
A
10°? i ] E
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A¢ for P.<M (rad)

* Good agreement between
data and theory

* Spectrum suppressed for
AP, <1.5 rad
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data and theory

*@ No excess of data over

theory for P(yy) =20-50

GeV/c (the “Guillet
shoulder”)
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data and theory

Spectrum suppressed for
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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 __qyF F F+jets CT
do (NYNLO — H(N)NLO Qdoro+ ld‘f’ (N)LO —do T(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

choose do“? ~ do'"?) @ 2 (¢r/Q)
00 2n 9 9
(
where EF(QI/Q) N Z (E) Z EF n:k) Q k 1 Q
=1 " =1 q’l’ 7

do FN)NLO = HE\T)NLO ® doy £+

:;5+

' ° . .
e iisamsaaaabaslin QCD perturbation theory

| Real + Virtual]

2
Contributions -+ (%) HF@) -+ .......
v
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q.subtraction method - ......c.....o

choose do“? ~ do'"?) @ 2 (¢r/Q)
o0 2n 9 9
(
where EF((“/Q) N Z (E) Z EF n:k) Q k 1 Q
n=1 d k=1 qT qj

Then the calculation can be extended to include the gr = 0 contribution:
F __qyF F F+jets CT
do (NYNLO — H(N)NLO Qdoro+ ld‘f’ (N)LO —do T(N)LO

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

The function H" can be coffiputed in QCD perturbation theory
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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 __qyF F F+jets CT
dU(N)NLo - H(N)NLO Qdoro+ [d‘?( N)LO —do O(N )LOJ

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

The function H* can be computed in ®CD perturbation theory

HE =1 (%) 1F(1) (%)QHF@)JF _______ ; F

ﬂ' Tr Ve

- Finitezro)
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q.subtraction method - ......c.....o

choose do“? ~ do'"?) @ 2 (¢r/Q)
o0 2n 9 9
(
where EF((“/Q) N Z (E) Z EF n:k) Q k 1 Q
n=1 d k=1 qT qj

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

F F F F+jets CT
dJ(N)NLO:H(N)NL()@dJ 6 [dJ(N)JLO do ( )LOJ

= 1 (58) 20 (5) peref

Flnl’re (NNLO) F >
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@® The Normalization H

Expand to the fixed order in /g

_ 14 98 F) (“8)2 F(2) 2

i T T (qT)

LO NLO NNLO

Normalization of Jg\pNLO computational effort comparable to Jg\é)NLO
2
2 2 br 2 dUF _F Ia
pr < Q dqr T = oro R (pr/Q)
0 4T

The coefficients appear in the constant term

RF(l) _ l(2) EF(l;Z) i l() EF(l;l) i HF(l) 4+ O(p?p/QZ)

RF(Q) _ lg EF(2;4) i lg ZF(2;3) i l% ZF(Q;Q)
o (BFHY = 16¢ 272 + HIE — 4RI+ O(p7/Q)

Very hard to reach that accuracy... but...



/pT dq2 dO'F B O_(N)NLO - /OO qu dO.F—I—jet(N)LO
. T dq% tot )2 T dq%

T
Inclusive (analytic) distribution

Integral can be carried

known for Drell-Yan and Higgs! out in 4-dimensions

Method used to obtain 7 (?) for Higgs and Drell-Yan



2 .
F F N)L
pTd o A0 (N)NLO Ood , dotTiettN)LO
I 72 = Ttot — iy A2
0 dr p2. Yira
Inclusive (analytic) distribution
Integral can be carried
out in 4-dimensions

known for Drell-Yan and Higgs!

Method used to obtain 7 (?) for Higgs and Drell-Yan

S.Catani, L.Cieri, DdeF,

S.Catani, M.Grazzini -
HNNLO DYNNLO G Ferrera. M.Grazzini
30 i T T T T T T T T T T ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ T 80 T T | T T T T | T T T T T T T T | T T T T | T T
MRST200 _ i pp—>(Z+‘y")+X—>e+e_+X Vs=14 TeV Mp=Mp=INg |
i i | MSTW2008 MRST2004 |
R5 [~ My=125 GeV —]

o(pb/bin)

Up to now, Inclusive and analytical Momentum Distribution needed for Exclusive



q.subtraction method - ......c.....o

& Why we used a “subtraction” method for H*#?

& We didn't know the “internal” estructure of H?  Before 2yNNLO
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q.subtraction method - ......c.....o

& Why we used a “subtraction” method for H™??

& We didn't know the “internal” estructure of H?  Before 2yNNLO

N— /
~

& We dind't know how to relate H? and the finite component of
the two-loops virtual matrix elements. |

Before 2yNNLO
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q.subtraction method - ......c.....o

& Why we used a “subtraction” method for H™??

& We didn't know the “internal” estructure of H"®  Before 2yNNLO

N— /
~

& We dind't know how to relate H"?and the finite component of
the two-loops virtual matrix elements. |

Before 2yNNLO

N— /
~

¢ The generalization of the precedent method implies to find the
universal terms contained in H™*

F2) — F(2) . . (2X0) F
HF® = Hf@ + Finite
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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

INFN-Firenze

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

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
(Avallable but not present in the folloning analysis)

Full NNLO means full control of theﬁ’ dlagrams

= I

\ \N\N
NN e +
Reeeeeer
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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 F|Orian’ G.Ferrera’ M.Grazzini’ LC FII’St EXC|USIVE NNLO W|th tWO ﬁnal State part|C|eS

First results using 2yNNLO

—— NNLO  MSTW 08 o e VS = 14TeV

4000 - -=-=--= NLO Mrp=ur=M 2 ST i :
o(fb/bin) | i py " > 40 GeV
p}“"”f "> 95GeV

3000

] <25

2000

20GeV < M., < 250 GeV

1000
| Ur=pr =M,

NNLO effect about +50 % in the peak region
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

ool T NNLO  MSTW 08 2 SR ] \/g — 14 TeV
[ ---- NLO  pg=pe=M,, | T m--o__ o
. . aeaiEe ] LT
oo/bim)| - Lo L el M > 40GeV
3000 | 1} gWo/Movbox 14 soft
| | pr > 95GeV
100 120 140 180
2000 } ‘?}T‘ < 2.9
20GeV < M., < 250 GeV
1000
_______ By wr = prp =M,
T I T e Y e e P _i_] - N
° %0 100 120 140 160 180 e e
M'J"? (GEV) G'-NLO-FB{JI i Al
NNLO
a
. ~ 1.55H
NLO
" & y
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Huge corrections 1 : new channels

Channels @ 14 TeV

1.0 _ . 1 1.0
Ry=0y/0 NLO NNLO o k
0B8F-______ [ LHC 14 TeV o4} Box/g8 34 08
ey T T T === ozf 3
qg [ ﬂ‘u 1 1 1 [ h
qg 100 120 140 160
0.6 T-~-—-____ 1 06
0.4r T g 1 0.4
_‘_/_{:l,q7—___4,———’-_——_ L =" ’ T T =
0.2 T 1 0.2
qq I
U.{} T T T | I — I | - - 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

pUr=up=M,,

6000 ﬂl‘ he requiremelh
Softer p’. =240 GeV
implies that at LO
4000 1 4000 also the
softer photon
must have
2000 f . { 2000 p’. 240 GeV
[
7
40 T 40 60 30 100 120

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
o = s DIPHOX RN . % B 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] =
= -1 = L -
o , =
[ 2 ; , : -
= 1E ResBos B el 7
: o e ——
% -1 ;_ —2 -b I I (I | | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | l
20 05 1 15 2 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 Florian, G.Ferrera, M.Grazzini, LC

do/dAg [P rad’]

(data-MCYMC

(data-MC)MC

=k
S

10

(T T L O = SR .

T T
~ Data 2010,\s=7 TeV, _r

p/>16 GeV, E-"™"

n*|<2.37 excluding 1.37<n'|<1.52
=3 -+ measured (stat)

-+ measured (stat @ syst)
== DIPHOX

- ResBos

T I T T T T I T T T T
Ldt=37 pb™'
=4 GeV, AR"=0.4

| IIJlIIII

l llJlIII

S “W . ATLAS |
S -~ N
\_/ -
== _.|._ DIPHOXS
E\W\?&i IR \\\\~+\\\\ s, _+_\m ; _E
, o o Sttty o N R _‘: E
3 + ResBos E
3 e P i —g
(0] {::5 1 1 :5 2 2:5 3
A [rad]

INFN-Firenze

First exclusive NNLO with two final state particles

Discrepancy between NLO and experimental da

(pb)

o=
o=

do/dA@

10°

a

CMS
nl < 2.5, By, > 20, 23 GeV

\/s =7 TeV, L = 36 pb™

L | L -I__l_

——— Theory DIPHOX + GAMMA2MC
—e— Measured

——4— Stat. uncertainties

—+— Stat. @ syst. uncertainties

Theoretical scale uncertainties
PDF + o, uncertainties

0.5 1 15 2 25 3

AP,
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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) N
% = } -+ measured (stat @ syst) -
E - = DIPHOX ]
=% — - ResBos —
Eet ]
S K& _
S .
- ATLAS A R .
11 1 I I’ 11 I 1 1 '] 1 1 1 1 1l 1 1 1 L1 1 I 1 I\I\ 1 1 \T L1 I 11 1

I 1 - . - . - - - -
S osf DIPHOX:
s o l&\\\\\\iﬁ-\k‘k\\r\q\x \&%}\'\wﬁ\ + 2
|8 05F =

-1 : :
(] 1 ’ - =
< oas5EF ResBos
o ]
ﬁ 0F +_+_-—+- —t— + 3
g8 osf ++ —+ E
10 20 40 60 80 100 120 140 160 180 200 220
m.. [GeV]

INFN-Firenze

First exclusive NNLO with two final state particles

CMS \s=7TeV, L = 36 pb"
m| < 2.5, ETT:;ED 23 GeV
— B I ] | | | | | | | | | | | | ] | | | | I | | I | I | | I
% - —— Theory DIPHOX + GAMMAEMG—
) = —e— Measured -
el —— Stat. uncertainties
o 1 —— Stat. @ syst. uncertainties |
& """ Theoretical scale uncertainties -
— PDF + o, uncertainties .
O |
8
10 E
1072 = =
1 0'3 L1 1| | | | | | | | | | | | | | | | | | | | | | | | l |

0 50 100 150 200 250 300

m,, (GeV)
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do/dm, [pb GeV]

(data-MC)/MC

(data-MC)MC

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

Discrepancy between NLO and experimental data
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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

—— NNLO MSTW 08 VS =7TeV
tof NLO 2YNNLO
ey CMS diphoton cuts
50 F E CMS Hr=HFf Ty
0 pptY > 23 GeV
j: 3 [ prsoft > 20 GeV
E = |
= o : n' <25
I
S sf 3 $ I -'
_ F SRR th
large discrepancy between : oo
NLO and Data w0 ! cone isolation
1 o, TS
0.0 0.5 l:ﬂ 1:5 E:ﬂ 2:5
Ad.,

NNLO corrections essential to understand the background
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invariant mass below the LO threshold
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In'|<2.37 excluding 1.37<n'|<1.52

ATLAS

-+ measured (stat @ syst)

waw DIPHOX
- ResBos

IIII‘IIIIIIIlIII

DIPHOX]

_+_
4o

a

20 40 60

100 120 140 160 180 200 220
m.. [GeV]

a0

This discrepancy can be related to the discrepancy
observed 1n the A distribution.
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~ Preliminary comparison CDF 9.5 fb"' results
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do/dAd (pb/rad)

~ Preliminary comparison CDF 9.5 fb" results
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ATLAS results
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data/2yNNLO

ATLAS reSUItS arXiv:1211.1913 [hep-ex] .
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Higgs boson searches

ATLAS + Dala
Sig+Bkg Fit (m =126.5 GeW)
-------- Bhg (4th order polynomial)
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searches

ATLAS

CMS {s=7TeV,L=51f"E=8TeV, L=53fb"
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-------- Bhg (4th order polynomial)
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Same NLO terms known
ta contribute —~5%
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Summary

¥ Cross section with “smooth” isolation, Is a lower bound for

cross section with standard isolation.

Sizeable NNLO corrections to the yy mass
distribution in kinematical regions related L4O'55% effect over NLO/\

to Higgs boson searches

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 Pryy = 0)
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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)



do/dA¢.,., (pb)

With Higgs search cuts at 7 TeV
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‘ Kinematic variables I

M =(p+ps) Py =| (Py+Ba) = (B +5) -2
(Pa+Bn)-2
Ag = ‘nyl _¢y2‘ mod s Y, =tanh™ ‘;ﬂ‘ +‘V;ﬂ‘
7= piy _ Low-p/high-p; ratio of the photon pair (z<1)
pT}/

. cosf — tanhM ~0 (PT << M)
2pTy1pTy2 Slnh(yyl - yyZ) 2

MM + P

cosf =

4P, Py ~1 (PT o M)
(pTyl + pTyz)

cos’ 9 —

L Cosine of the leading photon polar angle in the
Collins-Soper frame (yy rest frame with the polar

axis bisecting the angle between the colliding
hadrons)



