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Ihiagefslitusto @ Higgs boson branching ratios

The Higgs decay into Hadrons

Standard Model of Particle Physics
® The decays of the Standard Model(SM)Higgs boson

t | | | | | | | | | | | | | | | | | I_‘lE
((b] 1:_ . 3R
into hadrons are dominated by quarks and gluons e r . o :§
> B o
(approximately 70% of the Higgs boson decays are hadronic) v g —%
210 s 2z _f
il AR S z
@ No direct observation of physics beyond the SM—theory Tt e ) -
experiments require greater accuracy. o
p q g N 8}’1 0 25_ -
1L - -
® We present a model-independent estimate i 2
. 3
of the first unknown coefficients for these processes 10 :
i) b g 1 0-4 Ry A T I T ST . T R N R B A
80 100 120 140 160 180 200
M V
g H A L [GeV]
[Particle Data Group, 2013 ]
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Sy e yatilldadonleitid <l QCD Perturbative corretions

H — bb

This Higgs boson decay can be visualized diagramatically as:

b N )
H --- + H--- + H-- 9 +

; ; ;

. 1
D(H — bb) = —, [m I1(s) Relatfed Through the
vt My optical theorem!
Im| gt Grbia gk - O
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Higgs decay in bottom quarks Scalar correlator

a Correlator of two scalar currents

[(p*) = ’ifd% P (QIT{j(x)57(0)}|2) j(x) =mg :qy(x)qs(z):

a Imaginary part of the scalar correlator

N, B _
C
ImIl(s) = 8—m%(mH) s |1+ g cnay(mpg)
70
for n F=09
17
c1= 5 co = 29.146 c3 = 41.757 cy = —825.7
. . ‘ . [Baikov, Chetyrkin,
[Braaten, Leveille ‘80] Gorishny, et al ‘90 Chetvrkin ‘97 e
[Sakai ‘80] [Gorishny, etal *30] [Chetyrkin 97] Kihn ‘06]
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Higgs decay in bottom quarks Scalar correlator

a Correlator of two scalar currents

[(p*) = ’ifd% P (QIT{j(x)57(0)}|2) j(x) =mg :qy(x)qs(z):

a Imaginary part of the scalar correlator

0
Ne o n
I Tl(s) = < “mi(mp) s 1+ Y Zemulmp)
s . .
i n=0 | @ We predict the coefficient of (’)(ozg’ )
for n F=09
17

c1= cy = 29.146 c3 = 41.757 cy = —825.7
Braaten. Leveille ‘80 . ‘ " [Baikoy, Ct?etyrkin,
[ rar:z[esr::1 ka?YSE(IJ]e ] [Gorishny, et al ‘90] [Chetyrkin ‘97] Kithn ‘0]
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Higgs decay in two gluons

H— gg
00000 8
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Through optical theorem
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five coefficients are

known exactly !

Optical theorem
I omy
H—gg
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Higgs decay in two gluons Effective coupling

¢ We work at the heavy-top limit,where the quark-top is integrate out

a) TO000°8 b) g

Effective Lagrangian —— Leg = ﬁQCD(nf) - 21/4 Gl%ﬂ/Q Cthvale/
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Higgs decay in two gluons Perturbative corretions

[HERZOG, ET AL. JHEP 08 (2017) ]

® The combination of these two quantities makes it possible

TH gy = |C Il g2 (2 M7 — id) NLO
Mpy ") (my) = To[1 + s(7.5586 — 0.37136n;) +
NNLO
+ a7(0.091368n7 — 4.82489n + 37.3523)

N31.O
+ o3(—0.01746n> + 1.70814n2% — 34.5769n » + 144.901
S f f J

_(_]

¢ This process is known up to (9(042 )

I'(H — gg)(p)

¢ We predict the coefficient of O(a/)
[ mu=125GeV using the the decay with in the large-3

0.1 1 10 100

p/my

[BONVINI, ARXIV:2006.16293 (2020)]
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Resumed propagator
The large-3g limit

[ JAMIN, MATTHIAS, ARXIV:1202.1169, 2012]

Taking into account a usual quantity in perturbation theory:

@) n
) — k 1 - . . . . '
flag) =1+ > ) > e ot Where the non-Abelianization procedure is necessary !

n=0 k=0

[lzfl.1:°go—._..-;-"'_3{; [imit: where the perturbative A

series is known in all orders (we use it as
\a laboratory) y

Resumed gluon Progator

0 N (as ns)°
_————= m+er'm+mO'mQ'm+---

Guilherme A. Nogueira (Unicamp) NDM2025 MAY 7, 2025 8/18




Resumed propagator
The large-3g limit

[ JAMIN, MATTHIAS, ARXIV:1202.1169, 2012]
Taking into account a usual quantity in perturbation theory: 33

maximum

n+1 Where the non-Abelianization procedure is necessary !

[I_zsl.1_°go—._..-:’*'_)’{; [imit: where the perturbative A
series is known in all orders (we use it as
\a laboratory) y

Resumed gluon Progator

0 N (as ns)°
_————= fm+'mQ'm+mO'mQ'm+---
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N TR ETRcaibr it iiAl Resumed propagator

[ JAMIN, MATTHIAS, ARXIV:1202.1169, 2012]

The large-3g limit

Taking into account a usual quantity in perturbation theory:

maximum

©.@)

flag) =1+)

Qg Ny (asnf)2
™\ n+1
@ s -—=== so50 + + o
n=0 k=0

-

o0 O
_ n _ n Borel Transform
Q=@ Q@ = cnal ¢, ~ N
n!

The Borel space singularities are n=(
known as renormalons and govern the
behavior of the series!
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Prediction Method




Approximants employed PAs and D-log PAs

Padé Approximants (PA)

M
M ap +a1u—+---+amu

P -
V) =t b

Guilherme A. Nogueira (Unicamp)

Dlog Padé Approximants

Dlogy (u) = f(0)exp

NDM2025

/ du Py (u)
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Approximants employed PAs and D-log PAs

Padé Approximants (PA) Dlog Padé Approximants

! Dlog (u) = f(0)exp| [ du®¥ (u)

PM(u)_ ap + a1+ - -+ apmu
N L+ biu+ - -+ byu?

[ BOITO, MASJUAN, OLIANI, 2018]

1.0— T T T T
Original function 30 e Zeros
Taylor series 1 [ f(Z) — log(l T Z) PSO  Polos
Padé approximants - 0.5}
S
. S—
;_T., § 0.0 ® e ® s e o ® © © & © O ©000NuEEIND q
-0.5F
A —— e
0.8 1.0 -6 -5 -4 -3 -2 -1 0
z Ref(2)
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XN (eilunle)s Bl Testing of method

[ELLIS, JOHN R., KARLINER, M. . SAMUEL, M. A., 1996]

~

/ 400

30071

cy(ny) = cflo) + cfll)nf + cff)n?c + cf’)ni +;¥ 200r

We will postdict the last known coefficient of T'(H — gg)

[HERZOG, ET AL. JHEP 08 (2017) ] E 100 i

Remains fixed! S :

® We applied the following approximants: 0:
P3(ay), P2(as), P¥(u), P3(u), Dlog3(a,), Dlog?(u) and Dlog}(u) O _
_200'|...|...|...|...|-

T/ (1) = ToF,

h—gg

KW =14 7.188498cr, + 32.65167a2 + 112.015a° +298.873at + - -
K3 =1+ 64457750, + 23.7472802 + 56.07550° +62.4363at + - - -
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Testing of method

[HERZOG, ET AL. JHEP 08 (2017) ]

We will postdict the last known coefficient of I'(H — gg)
Agreement!

\

Ceuln 7) = 462.628 —178.466 s + 16.554 n —0.440714 ny 4 0.00258089 n

C4(nf) = (462 T 17) — (176 T S)nf + (16.1 T 0.9)71? — (0.3 T O.l)n:} +0.00258089nfc/

a 400: ---------------- \T?

300

® We applied the following approximants:

200}

Py (evs), Ps (), P (u), Py (u), Dlog{(a;), Dlogj(u) and Dlog,(u)

ca(ny)

100}

-100}

_200L
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Preliminary Results




Preliminary Results

Results for H —

3 .2
mH@s

727302

['H — gg) =

gg (OS scheme)

1+ 5.7031 a5 + 15.512 a2 + 12.666 a2 — 69.329 o} + ¢£°(5)a’ + - - -

Predicted coefficient

c(ny) = (1137 £ 121) — (694 & 116) ns + (101 =

— (4 T 8) ?’L:‘;’c -+ (0.06 5

2

-0.37) ny — 0.000282079 n; j

Estimated decay width

['(H — gg) = 0.3384 -

- (0.0063) .

(O.OOOQ)mH i (0'0005)M T (0.0001)65 MeV

J

Guilherme A. Nogueira (Unicamp)
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cs(my)

800
600
200

200}

_200}

_a00L

¢>(5) = —302 £ 35

OS Scheme ]
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Preliminary Results

Results for H — bb

N.m?

[(H — bb) =

ST

Predicted coefficient
ps(nyg) = —(47+20) 4+ (7 £ 13)

— (1+£3) n?c + (0.08 4

ny

= 0.18) n} + 7.09 x 107° n}

S

Estimated decay width

T'(H — bb) = 2.38092 =+ (0.00981),,, -

- (0.00385)..

+ (0.00209),,,,, -

- (0.00032),, -

- (0.00007),, MeV

v
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ps(ny)

L5 [1+4 1.8038 a; +2.9532a2 + 1.3468 o — 8.4771 oy + ps(5) a2 + - - - |

p<(5) = —27+2

15
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Preliminary Results

¢>(5) = — 302 + 35

ps(3) =—=27+x2
0.36 — R 2.5 0 A L
E '~ LO - NNLO — N‘LO| | o Lo A
|
1‘ , ] A -~ NLO - N3LO — N5LO |-
A - NLO - N’LO — N°LO . )
__ 0.35F ‘l . J - - \
¢ 1 % 2.4k -
2 | E _:\ ____________
=3 'lll . —, FT_ ‘\ — T ——— —
AN i _.-'—'tb‘-.__" — . .\ e T —— —)
S 0.34F A7 T e N\,
N
T ! \
| \\
E E, 2.3H . _
- \
~ 0.33 ~ ‘l .
| \\
] N
\ N
0.32 ool v
0.5 1 1.5 2 2.5 3
p/mu
I'(H — gg) = 0.3384 £ (0.0063)

04

+ (0.0009),,,, +{(0.0005), )} (0.0001),, MeV
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I'(H — bb) = 2.38092 + (0.00981),,,, & (0.00385),,.

g
+ (0.00209),,,, +0.00032),,
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N
[ Conclusion ]

¢ We firstly determine the I'y_,4, in the large — g limit

® Model independent method to obtain higher-order

coefficients as a function of the number of flavors

Full QCD Results (ng = 5)

®  We performed estimates of the first unknown coefficients of I'g pg and I‘H _bE
¢>(5) = — 302 + 35 ps(5) = —=27+2

¢ Limiting factors in the precision of decay rates are the uncertainty

in the quark masses, Higgs mass and ag
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[ Pade Approximant (PA) ]

Py’ (u) =

M
ap +a1u + T apmMu

1+biu+---+bpyuly

The quantitative way to analyze our

estimates is the relative error:

Let f(z) be
an analytic function

lim Py = f(z)

N — o0

where A # 0 and \ # oc.

Relative error

10°

1071 e,
]0-2_
10-3_
10-4_
-IO-S_
-IO-ES_
1077}

1078+

107

-
= -
“
-
-
-'-
-
h-

h-h-
-
L]
--
-

This behavior
arises due to the numerator and
denominator zeros being very close
together, which effectively acts as an
order reduction.



[ Dlog Pade Approximants ]

Jlz) =log{l+2)

1.0—

Taking into account a function with cuts: I 20 e Zeros
_ P 30 e Polos
A( ) 0.5_—
(¥}
— - B

~
E 0.0 ® ® ® ® e o ® @ © @ © 0 o 0o ececettSIIND
e

Padé approximants do not :
~0.5}
reproduce functions with :

branch cuts very well!

-1.0—

Dlog Approximant Ref(2)

; _ _
F(u) = 7 ol f(w)] ~ i =) Dlogll = f(0)exp / du PM (1)




[

The large-3, limit ]

Taking into account a usual quantity in perturbation theory:

A Ny (asnf)z
= sOO N+ fmo'm + ’MTOWQ’W oes

maximum
IREETS o v TR

n=0 k=0

large-[Jo limit: where the perturbative

series is known in all orders (we use it as
_a laboratory)

~

33
nf%nf—g

Where the non-Abelianization procedure is necessary !

ab 1.2\
Dpv(k ) o

i §ab k ok Lk,
2 (9“’” 2 )1+H1(k2) F e
—Yuv 2 _C v
12 —|—Z77 > ( W€ )(]CQ —I—Z77)1+u



[ Borel transform ]

In cases where the perturbative regime is valid

0 o0
Q) =) cn(Q,Q)a2(Q) =) chal c, ~ n! Im B[f]
n=0 n=0
UV renormalons IR renormalons
Borel Transform
—4 4 4 4 - ‘- = 9~ ReB|f]
oo tﬂ
B[f] = f(0)0(t) + > _cn—
5 n
The Borel space singularities
are known as renormalons!’ ® If the coefficients have alternating signs, the singularities
l appear in the negative part of the axis (UV singularities)
@ In the case where the coefficients have a fixed sign, the irregularities

- 1 = appear in the real part of the axis (IR renormalons)
( ) / du e=%/Po% B[ f](u)
0



[ Quantum Chromodynamics ] o, = g° /4T W

Fundamental interactions of QCD

/ \ @ Beta function five loops

dags = 2
X (g 6(a8) — lud’u —nz:%ﬁnas

e Gamma function

k pam S o,
f}/(a’S) = — Z ’}/ﬂ»a’s
n=1

Renormalization

® Relation between strong coupling with n, and n; 4 1 active flavours Group Equation !

o™ () = G, o™ m)ad™ ()

e R I P —



[ Optical theorem J

Im |————-

—92Im (imm) = 2VE2Y T(a — n) = 2Vk2T(a — all)



[Low energy Theorem]

YuP* — Mmq v TP’ — mQ

)

a) (00000 8

el e e e p——

Im M(X - Y +h) =
q—0

0
me O

vy Omg

M(X —Y)



