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Introduction:

Standard Model of Elementary Particles
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Beyond Standard Model:

Elementary Particles
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What do we have in the future:

The Optimistic Scenario: ( m~ ,,f'..._.{go,.'d.m "J'
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Motivation for studying diphoton final state:

It is one of the important channels to study the physics beyond the

Standard Model.

Plays a crucial role in the discovery of:
* new bosons at the LHC,

 Heavy new particles and

* Searches for extra dimensions, etc....

In spring 2016 CMS and ATLAS recorded
a new resonance in the diphoton
spectrum with an invariant mass of

750 GeV.
‘ Higgs like particle
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Lowest Order Calculations:

Higgs decay
— sub-process
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Higgs production sub-process:

L
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High momentum limits ——> Ultra violet divergences
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Dimensional Regularization
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with F(2) =22+ (1 —4z2)J(2),

1

where J(z) = —S log? (1 — —)
I

and g = 2% where M, is the W boson mass.

Finally, we defined the effective vertex of the process gg - H considering
only a top quark loop as:

VhY =

a

g M 2 , 2p7 p*u 104 m2 Eq. 2
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Higgs decay sub-process:
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Higgs decay via W boson loop:

]\[ 2 1
T — Hga(g,uu p;p4) G(Zw)e;(p4)€;(p;;), Eq.3

[\[ 27 1\[2 2
o2 o ﬂ[fﬁ,
Taking g = % and a = (41?) : 2w = W and  G(z,) =14 62, + 6(1 — 22,)J (24).

Higgs decay via fermion loop:

2

sziﬁ(gﬁv_zljzp‘)zaf (p4 p; (N ZQQ —|—ZQ ) E 4
27 A[w M 12{ K N [ 2 l M [2 q.

Total amplitude of Higgs decay into two photons:
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Differential cross section of the diphoton production process:

M 2 2 5 ; 2 2 1
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:> Then the partonic differential cross section as a function of the diphoton invariant mass
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Hadronic differential cross section: 44, ., = / dz, / dzy f(xa) f(2p)dopart,
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Heavy top quark limits:

In the limit where mt >> MH — the fermion loop effectively becomes a
point interaction,

Interactions of Higgs boson with 2,3,&4 gluons will be encoded in the
effective Lagrangian.

H . "y g W LU ab
ggH effective vertex: v — - (pl.pggf — pl)(‘] b

Y

glpz) r
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LO of Higgs production sub-process in ET:

_ —2 1 1 a?  r4mNe
Flg) Mol = (n —2) (N2 —1) 97202 (m?) [(l+¢)
T ag o oa (AT
9(p2) = o M () T 9049 g
LO differential tion: doo = ~ Vol —% L (2)"6" (pr + ps — g)
ifferential cross section: doo = ——| Mo (om)" 12E, 0 p1 +p2 —q).
Eq. 10
LO cross section of Higgslproductior2| sub-process in the infinite top
LT _ 70 2 12
quark mass limit: o, = %M[H%wl 2mo(s — Mp)
2
8! 4\ ¢
- _% M?(—)FHE 1+ 2)5(3 — M2).
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Next to Leading Calculations:

Real Contributions:
Corrections from real gluon emission:

::Real Emissions:

/

:Soft regions (IR): :Hard regions:

N

:Hard coIIinear: ::Hard non-collinear:

- Soft singularity Pg > 0

Collinear singularity
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To simplify our calculations, we
computed first the total
amplitude of the process:

H — g“(pf) + ¢°(0%) + ¢°(p?),

|t )

< olpr)e then at the end we will use
‘ crossing to obtain the amplitude
o 9(ps)el for gg - gH.

""';& S Hggg coupling:

L ]

Hggg = i—
mv

qsfubr: [g;.uf(pg _pl)o + g.vo(p5 . pz)“ + ga,u.(pl . pS)U} -

The averaged total matrix element squared of gg - gH which is:

_ 2 a’ 1 M% + s* +u* + t* e (M3 + s* + t* + u*)?
M(gg — H)| = [( H )(1 — %) + 2( H )]

- 24m2 (1 —€)? stu 2 stu

Eg. 12
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Virtual Contributions (virtual gluon exchange):

Divergences to be solved: -

O Infrared divergences A6 vire = dAPSYy 2R(Myire M),
Soft singularity : Pg > 0
Collinear singularity: Pg | | P1or Pg || P2

1 Ultraviolet divergences Pg = oo
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97 (o1 + )+ g0 (= 2k + p)* + g (e — 2p)°]
[q:/!) — k4 (] ‘|‘ q,oﬁ (QA I Q')V + g&f,v(_k +p — p2)0:|
(k-(k—q)g”” — k" (k—)”)

1

(k2 +ie)((k—q)2 +ie)(k —p1)2 +ie)’ | EQ.13

1 N, a?g?
O (NE - 1) one 5 (P1-P2Gyu — Prup2y)

(g;m’gyér + q,ué q.wr . 2_(}'!”/_(}6 o’ )(A(A o q)gaf(;: B AU:(A B (])6’)
1
(k2 +ic)((k — q)% +ie) Eq. 14

| My My| = i

Exited QCD conference 2020,

Friday, February 7, 2020 Krynica-Zdroj, Poland

19



QCD radiative corrections to the quark loop of gg = H sub-process:

H(q)
9(p2) G 0 ()
Can be parametriZEd as: 00000000
. 11 a(p1)
Mg = M§® (1 + —“"_) 3
Q Q T 4 )

The final expression of the virtual
cross section is:

J B 1 a% 5* O (4?1',&2)5 ,_
Tuirt = 122 3672(N2 — 1) 27 \ Q?
Where rp = mffffi(ﬁ)_ﬁ) bgg = % with Ny being the number of the light quarks.
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Higgs decay sub-process:

0 o
9] p—

U277 64 (1 — ) 02

M2|AI25(5 — M%).

LO cross section in ET:

QCD radiative corrections to the quark loop: QCD correction factor of
the quark contribution to

.'(I’:;) (1)
Q \P3) .
H(q) H(q) the Hyy coupling

S - == [arXiv:hep-ph/9504378v1].
Y\P4

Y(p3) Y(ps) 1 . E

Q) ~
A(l)l) ¢ ([' )

The virtual cross section of Higgs decay sub-process:
B 1 a?
THovy = 647 (1 — ) v?

z6(1 — 2)|A|? [1 - %] Eq. 16

M3
where z = —*.
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Virtual differential cross section:

1 a? 52 o 7 Amp? y 1 N, 72
dovint = 7723 36m2(N2 — 1) Q?T( Q2 ) dém[ (Q2) = bt = 2) 4 =5 ]
Eq. 17
2 2 2\ 2(1 _
Soft part: ¢, = R ab S (4?Tp$ I'(1 4 ¢)™(1 E)d(]?g
2w v? 36m2 (N2 — 1) ['(1 — 2¢)
1 N. N. £25s N.. £25s w2
Xl_ 2—T810g(TQ2)+710g (Qz)—g] Eq.18
|
25 ) s
log (Q2) — log(gc log (@)
Virtual + soft: g o2 s* Arp*Ne (1 + )% (1 — ¢)
dovirt + G5 = 2m v? 36m4(NZ2 — 1) ( ) (1 — 2¢) %2
1 1 N. N, £2s 2
X 1_6[— 55995(1 z)——log(fc)—{——log (Qg) —{—4?]
Eq. 19
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Collinear parts:
P1 collinear with p5:

1 1 a, s4mp?\¢ dn1
(1) M nsn o o P3
25 25 27T( I‘(l —g)/ d‘rl/ dry 32 (n)8" (apy + 2~ 2 = ) (27)"—12E
A 1lpy —— [Ydzn (1) L S o
X (271.)n—12E4| |2 Ll 2 T Qgg I: o g(l - Zl)-|— g 10g(§6)6(1 - Zl)
1 sOp so; log(1 — z1) 5
o (2Q2) log(2Q2) log(€)3(1 — 1) + 27— — log (@5(1_ - z-l)] Eq. 20
P2 collinear with p5'
(2) _ iia_ 4W” T T ﬂ' n n > _ dn—lp3
o = 232327r( ['(1—e¢) / dl/ d2 2 0"(p1 + z2p2 — p3 P4)(27T)1. ==
dnp, L dzy Fz(—z) 11 1 P
* G E | agg[— St lesE)dl - =)
1 S0 507 log(1 — 22)
t ooy o8 (QQQ) —lo "'(2@2) log(€0)3(1 = 22) + 27— 3% — log*(€:)a(1 - 2)]. o 21
) ag (AmpiNel (1462 (1 —¢g) . —2
Virtual + soft:  Ovirt + ¢ = 5 ( Q2 ) (1 — 22) d®,|T|

2[—%61995(1 )/(§L)+ilog (gf)—ﬂg]

Eq. 22
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Other Higgs production channels:

o+a- a+H No virtual gluon exchange in this sub-process, so
o all we have to do is to study the existence of soft and
collinear divergences:

alp)

(1) o 1 ‘ ‘ / I / I _Fg(?g n n( + ZL ) f[ dn_lpf mz
Toqosql = 1= dry | dad—= 19 P+ po 3 i 11 (2r) 12,
Lz I (I_l) 1 1 B 1 S0
—l {n) —_— — 3 I — 3 _-!r 3 N[ —
8 [1 21 Ty a‘qq { E (l — 21)+ * log (2@2) (l — 21)+ log (2 2) log(gr){j(l Ml)
N uh 2 og?(e)a(1 - )] Eq. 23
q+q->g+ -2
i) qlpa)
- 1 rrf _ :Uff

U(qq — GH) AK6T —2 !2 (l o S ) Eq 24

~Hig)

Finally, one can easily find the NLO cross section of gg = yy:
O NLO= O virt + O soft+ O hc + O hnc | Eq. 25
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Remarks:

1. NLO calculations are very important since it provides an accurate
QCD predictions and reliable error estimates.

2. The calculation of the NLO corrections using EFT simplifies the
calculations by integrating the quark loops and hence reducing the scale
uncertainties.

3. The extra partonic channels appear at NLO can have a significant
impact on differential distributions.

4. This method can be used for any new scalar resonance that may
appear in the diphoton channel.
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Backup
Verification of the validity of infinite top quark mass limit which shows
that it agrees perfectly wit effective field theory of Higgs Boson
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The variation of the real(red) and imaginary (green) parts of F(z) as a
function of different quark masses.
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Partonic model of the gluon-gluon scattering process where the
emitted real gluon is collinear to g (p1)
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