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Single and Double Higgs production

» gluon fusion = pp —gg— HX/HHX in HTL, my — oo
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Single Higgs production

State of the art

>
>

Full m; NNLO: Czakon, Harlander et al. [2105.04436];

Incl. N3LO HTL: Anastasiou, Duhr et al. [1503.06056, 1602.00695],
Mistlberger, Dulat, et al. [1802.00833, 1802.00827] ;

Diff. N°LO HTL: Dulat, Lionetti et al. [1704.08220],
Dulat, Mistlberger et al. [1710.03016, 1810.09462]

Cieri, Chen et al. [1807.11501]

Chen, Gehrmann et al. [2102.07607];

NNLO + N3LL in pp: Chen, Gehrmann et al. [1805.00736],
Bizon, Chen et al. [1805.05916];

NNLO + N3LL’ in p7: Billis, Dehnadi et al. [2102.08039],
Re, Rottoli et al. [2104.07500];

Mixed QCD-EW: Bonetti, Melnikov et al. [1801.10403],

Anastasiou, Del Duca et al. [1s11.11211],
Becchetti, Bonciani et al. [2010.00451];




Double Higgs production

State of the art
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Full m; NLO: Borowka, Greiner et al. [1604.06447, 1608.04798],
Baglio, Campanario et al. [1811.05692]

NNLO HTL: de Florian, Grazzini et al. [1606.09519];
N3LO HTL: Chen, Li et al. [1909.06808, 1912.13001] ;
NNLO+NNLL': de Florian, Mazzitelli [1807.03704] ;

Full m; NLO+4NLL pr: Ferrera, Pires [1609.01691] ;

Monte Carlo full m; NLO: Heinrich, Jones et al. [1703.09252]
Jones, Kuttimalai [1711.03319);

EFT full m; NLO: Buchalla, Capozi et al. [1806.05162];
EFT NNLO HTL: de Florian, Fabre, Mazzitelli [1704.05700];

» EFT approx. QCD NNLO: de Florian, Fabre et al. [2106.14050].




GENEVA framework: GENerate EVents Analytically

Fully differential fixed order calculations
up to NNLO through N-jettiness Ty subtraction

Tv =Y min{qa - Pi, @ - Phr @1 * Dies -, AN * Pr}
%

beam ¢, and jet g, n directions

.....

Higher-logarithmic resummation
up to NNLL’ through SCET

Parton showering, hadronization and MPI

currently using standard Pythia8 shower and new Dire shower. )




GENEVA features: beam, soft and hard functions

SCET
do L Tou) / Z ”H (Q% ) Un (purr, o)
x| (%,MB) @ Up(up, )]
x (B (zp, ) @ Up(us, 1)

® [S(ps) @ Us(ps, )]

Uy, Up and Ug renormalization group evolution factors
H and S respectively hard, and soft functions.

7

» Gluon beam function = taken from SCET1ib;

» Hard function = taken from SCET1ib for single Higgs prod.,
for double Higgs prod. two-loop virtual
corrections calculation [arXiv:1305.5206, 1408.2422];

» Soft function = taken from arXiv:1012.4480.



GENEVA features: splitting function on-the-fly

B fkj(¢N7TN)Z qb)
Pyont1(@Pngr) = e (T
2k Sy 183 (N Ts 2, 0) T (O, Tv, 2) dz dp

AP N1
ddy dTy dz do

J((I)N,TN,Z) =

fr; based on the Altarelli-Parisi splitting functions,
integral computed for every ® .1 configuration generated.

B Assuming that the jacobian does not depend on ¢ for
1 — 0 and 2 — 1 mappings;

B Used both in single and double Higgs production.



GENEVA features: timelike resummation

P?=0Q*>>0
o 2 o s
H(¢* 1) x L =1n (quO) =92In ( ZQ) = —it+2In <Q>
[ [ [
w=0aQ classical choice
n=—iQ = Qe ¥ timelike resummation

B ¢ = 0 central value of FO prediction (no resummation);

B © = 7 central value of resummed prediciton;

[_CRS {Z, ?’I} phase variation of 7.
GENEVA = SCET1ib interface for complex ag and scales.

Timelike resummation implemented only in single Higgs
production.



GENEVA features: timelike resummation

200 g9 H
107 (13Tev)

L rEFT

o/o*—1 %]

—105 my =125GeV

N'LO  N"LO
+N"LL,

o

A, IA,&BA;

25,0 T RRRRERRNRRRER R
99 — H (13TeV)

= 200 1EFT, my = 125 GeV

= B = pro = my

Els.n

<

S 10.0

£

6  Fee

T 5.0

0.0
0.0 1.0 2.0
Y|

A, fixed-order uncertainty;
A, resummation uncertainty;

AN@A@:Q/AI%—FA?&.

A,
HFO —ipro
my/2  my
25.0 T T T |
g9 — H (13TeV) J
= 20057~ rEFT, mpg = 125GeV
=) 2 pa = —ipro = —imy
— 15.05 5= NNLO+NNLL,
>~ T == NLO+NLL,
o oo QN ]
=3 10.0- e
g 3 ]
I £ ]
T 5.0- ]
0,00l i 5|
0.0 1.0 2.0 3.0 4.0

[arXiv:1702.00794]

Ebert, Michel and Tackmann



Phenomenological results single Higgs production

Effects of the timelike resummation:
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Phenomenological results

FO comparison against Matrix:

do/dMpi [b/GeV)

frac. diff.
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Phenomenological single Higgs production

Parton Shower and Hadronization: Higgs

ratio — 1
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Preliminary data comparison with CMS:
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Phenomenological results single Higgs production

@
2

=
S

@
g

T C©Mms, 359 bt
GENEVA | PYTHIAS, gl

pp— (H—=yy)+X
V5 =13TeV, p = —imy

e

1
|yl

GENEVA timelike resummed, 7-points scale variations




Phenomenological results single Higgs production

Preliminary data comparison with ATLAS:
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Phenomenological results double Higgs production

Parton Shower and Hadronization: Higgs pair invariant mass
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Phenomenological results

Parton Shower and Hadronization: Higgs pair pp
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Phenomenological results

Parton Shower and Hadronization: Hardest(H;) and softest (Ha)
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THANKS FOR YOUR ATTENTION!



Backup Slides

Timelike resummation:

H(q% p) = | P=1+HD( p) + HI (P p) + ...
H(q? pw) = H(¢, pr)Un (prr, 1)

C(q? ) , U (ppr, 1) matching coefficients.

o(X) = H(Q?, pro) x R(X, pro)
oves = H(pum)Un (pom, o) R(pro)
= Up (i, pro)o (1 + HY (ugr) + RY (o)
+ H () + B (upo) + HY () BY (nro) + -
H(pm)
H(NFO)UFO

R(uro) the remainder, |[..Jpo fixed-order expansion in ag(uro)
and ag(pm), oro fixed-order cross section expanded in

as(Hro)-

=Un(pn, tro)

FO



Backup Slides

CMS analysis: H — vy
2
by > 1.

71
Py 1 1
> > < or ey 21

Moy = 3
» for each photon candidate the sum of the pr of stable
particles (contained in a cone of radius AR = 0.3) must be
less than 10 GeV;
» charged leptons with py > 10 GeV and |n|< 2.5 are vetoed;

P> events with missing pr > 140 GeV are vetoed.




Backup Slides

ATLAS analysis: H — vy

» m,, > 105 GeV or m,, < 160 GeV;
P15 0.35 or 22 > 0.25;
Myy — Myy = ’

>
> |m1,2|< 1.37 or 1.52 < | 2|< 2.37 (detector acceptance);
>

for each photon candidate the sum of the pp of tracks
(contained in a cone of radius AR = 0.2) must be greater
than 1 GeV;

» the sum of the pr of tracks has to be less than 5%p7..



Backup Slides

Measured differential cross-section probing the Higgs kinematic
variable |1/, |:
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taken from arXiv:2202.00487.



