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PHENOMENOLOGICAL APPLICATIONS

WHAT?

Computation of the top-quark fragmentation into ¢
a Higgs boson with NLO accuracy.

WHY?
o Testing NLO tth production in collinear
approximation with the aim of extending the
procedure to NNLO tth cross section’ 2,

o Investigating BSM physics®:4.

'E. Braaten, H. Zhang, Phys. Rev. D, 93.5 (2016): 053014,
2S. Dawson, L. Reina, Phys. Rev. D, 57.9 (1998): 5851,
SF. Boudjema et al., Phys. Rev. D, 92.1 (2015): 015019,
4U. Haisch, G. Polesello, Journal of HEP, 2019(2), 29.
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THE FINAL STATE FACTORIZATION

In the collinear limit:
hard scattering and
collinear emission
factorise.

proton 2

Momenta definitions:
%= - Ph
n-pi
where nt = L(LO,O, 1)
V2
is the light-cone vector in
the Higgs direction.

i

1
A6 ap—n+x (Pas Pos P) = Z/ Az A6ab—i+x (Pas Po, Pis W) Disn(2; 1)
—~ Jo
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DEFINITION OF THE FRAGMENTATION FUNCTION

PAERN

[LO example of the following general formula]

Zdi?) — 1] +x_/z 1
Dq%h(z) :?/dx e P TMTrcolourTrDimc ¢<0‘¢q(0)

Pexp <1‘g / dy~n -/L_,(yn‘)Tf)aZ(ph)ah(ph)
JO

P(\xp( 1}(/ dy~n - Ap(y lZ)Tg{)qu(x_n) |0>]

" Wilson Lines ] This definition is Gauge Invariant! \

5J. Collins, D.E. Soper, Nucl. Phys. B 194.3 (1982): 445-492. 4
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EXAMPLE: THE LO FRAGMENTATION FUNCTION

AN

Applying the formula of the previous slide at LO, the fragmentation

D;_,, reads:
Zd73 ddpt yzﬂZE
Disp =—— / 2yt @00 (i = mH)@m)6t (py /2 = (pe+p) ™)
Pty tm Pty

X Z Tr(i

spins,colours

(?t —|—mt) ]

(pr + pn)? — m? (b + pn)? — m?
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EXAMPLE: THE LO FRAGMENTATION FUNCTION

AN

Using Cutkosky rules®, the phase-space becomes a loop integral”:

1 1 1
o) = 27ri<xis _x+i5>

273 ddpt + (12 2 + (4t > + y%ﬂk
D; :?/ 2r)A (277)’ 6" (py — mi) ‘(27") T (py [z — (pr+pu)™) 2N.
Pty tm Pty

X Z Tr(i

spins,colours

6R. Cutkosky, J.Math.Phys. 1.5 (1960): 429-433,
7K. Melnikov, A. Mitov, Phys. Rev. D, 70.3 (2004): 034027. 5

(?t —|—mt) ]

(pr + pn)? — m? (b + pn)? — m?
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THE NLO FRAGMENTATION FUNCTION CONTRIBUTIONS

Virtual corrections Real corrections

SEjEASI=N
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DIFFERENTIAL EQUATIONS METHOD

o Reduction to MIs can be performed with the usual techniques®-°:

v' 8 master found for virtual corrections,
v' 8 master found for real corrections.

o MI derivatives with respect to each kinematic invariant x; can be
computed by introducing the differential operators:

oxi Of(X,6) ~~ .\ Of(Fe)
Z P, Ox; _Zaz’]k(xl) ox;

o A system of first order linear differential equations for the Mls can
be derived:

—

O f(% €) = Ay (%, €) (&, ).

8R.N. Lee, arXiv:1310.1145 (2013),
9A.V. Smirnov, Comp. Phys. Com. 189 (2015): 182-191.
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CANONICAL BASIS APPROACH

o Itis possible to choose a basis of Mls, the Canonical basis'?,

such that: df(f, €) = e dA(X) f(ic', €),
ith ¥ X
Wi dA(x)l] = Zcijk dlog(ak(x))'
k

< The solution of the differential equations system is:
F(%,6) = Pexp [e / dA(Sc”)] 7@, )
vy
Canonical Mls can be expanded in Taylor series around e = 0

fEo =Y EFO@ — FO® / dAR) FEDF) +f (%o, o
k=0
10J M. Henn, Phys. Rev. Lett. 110.25 (2013): 251601.
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A SEMI-ALGORITHMIC APPROACH TO OBTAIN THE CANONICAL

BASIS

o Generic canonical master: | 7" = " M(my, my,z) T" |
< Topology definition (here for the virtual corrections):

Dy n-pg

D, (op) o
Ds  (putp)’—mj
Dy (pr+pn—pg)* —mi
D5 p§

D pi —m;
D; n-p—Zn-p,

< Semi-algorithmic approach:
v T?" found by maximizing the symmetries,
v M(my, my, z) found by applying Magnus transformations .
"IM. Argeri, et al. Journal of HEP 2014.3 (2014): 82.
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CANONICAL BASIS FOR VIRTUAL CORRECTIONS

Canonical form for Mls of the virtual topology:
flvirt _ 62 n- ph Tili”, f;m _ 62 n- ph Té}iri‘7

virt 2 2 2 virt virt 2 1-z 2 mroirt
) =€emyy/Admi —min-p, Ty, X = T(n»ph) Te",

virt 3] 2 oirt

3 =€ (n-py T3 virt 2 2 2 virt
f (- pn) ’ v emy/dm; —m, n-p, T7

ffirt

2 virt
€ n-py T4 9 virt

virt 3
e n-pyTg

8

Pre-canonical T?":

Ds Ds Ds Ds
T, i, o oy, 6t 73}% y & .
S &

3 é“gl\\\ 3 L %%&
OO0
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CANONICAL MATRIX FOR VIRTUAL CORRECTIONS

o For a dlog shape of the canonical matrix, the change of variable
2
m? — %(—TZ + 1) | is performed.

o The canonical matrix reads:

dA, =M; dlog (1) + M dlog (1 — 7) + Mz dlog (1 + 7)
+Mydlog (2 —z(1—7)) +Msdlog (-2 +z(1+ 7))
+ Msdlog (—4+z(3+77)),

where the M; are 8 x 8 matrices with purely rational entries.
o Solution given in terms of GPLs.

o Integration constants are m;, and z dependent!
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COLLINEAR RENORMALIZATION

The bare t — h fragmentation function is:
Dy = 6(1 —2) + O(y7)
D?,1(2) = (Zn ® Diesn)(2) + (Z ® Dis) (2) + > (Zsi ® Dicsi)(2)
i£th
= Zu(2) + (Zu @ D) (2) + O(y7 o, i),

where the renormalization constants are:

2
1 or
Zn(d) =125 2P (2)

yi a1 o myr 4L porT g por By ot
167r227r(2epfh (2) + 55 (Pag” ® Py )(2) = 3 7Py, ())
O(ioZ,vi),
as 1
Zu(2) =5(1~2) + 5Py +O(al,1}),
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COLLINEAR RENORMALIZATION

The bare t — h fragmentation function is:
Dy = 6(1 —2) + O(y7)
DE,(2) = (Zo ® Do) (@) + (Zut @ Dioaa)(2) + Y (Zi ® Dinyi)(2)
i£th

= Zn(2) + (Zu ® D) (2) + O(yi o3, i),
where the renormalization constants are:

2

1

Zth(z) _ yt fP(O)T(Z) 9

T 16m2e e

2 (0)
yi a1 wr 1 0T o pOTy || Pon pOT
(5P @ H 52 PR @ PYNE) |- | 25 PR @) )
+ O(y; o2, ),
Q. 1 0)T
Zu(2) =8(1~2) +| 5 Pg" |+ O(ad, 7).
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SPLITTING FUNCTION RESULTS

0T
Pt(h) (z) =z

— 82z Lip(z) + z In*(1 — z) — 1z In*(z) + 3z In(1 — 2)

T
Pt(h) (z) =Cr 5

—4zIn(z) In(1 —z) + (—1 + ;z> In(z) + <—123 + 152) ]

PO (z) =2T lz(—3 +2z+2%) — (1+52) In(2) + 2 lnz(z)]
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FRAGMENTATION FUNCTION RESULTS

P = (Xz:F 1(?%{[2(2 —8) +zln( -2 - Z 111(Z>}L2 + [62 Re [Liz(x%)]
2

xt z— T 5z xt
+ 2zLip (r) + 4zLiy(z) + 4z arg (—) Im [ln (1 - )} — — arg (—)
o 4

z—x" X

2 z—xt 3z 5 zZ. 9 3z
— 2zIm' [ln(l— )}Jrfln 1-=r+ -1In“(r) — —In(1 — r)In(1 — 2)
4 4 2

zZ—x—

z z z z
— —In(r)In(1 —z) + - In(1 — r) In(r) — - 1n? 1—-2z)— - n? (z) + 4z1n(1 — z) In(z)
2 4 2

—1(452(1—2)4»8—824»32)1(1 Z)*—(Sﬂ'& (1 — 2)z + 2m €
z §z

+ 832641 —2) — 422 -3z — ) + (2 — 2)? ))( [ln (17 Ziﬁ)]

B=

X+ )
— arg (T)) = 252 5 (325 (1—2) —8et@—32) — 4622 + 2 ) In(r) + (sg -3
+ 7) In(z) + — s <4g (1 —2)(27 — (45 + 47%)z) — £2(36 — 63z + (54 + 4n2)z2)

—3ﬁ7r(32§ (1—-z) — 45 (2—3z— z)+(2 2)z ))]

_ ZSZZ;% (2 Im[Li3(x+)] — Im {L%(é)] —2Im [Li3(zz:xi- 2]

i )] - m - 2225 - )

(o= )] s~ )] ()]
1 1

e [“3(,+Z(Z:+ - 1))] - [Lis(wrz(y:+ = 1)>}

— Dt [ (T 0] ot ) — 2 (1 - 2) - st =
rw r

3 s (z=DrN 7 r\ 17 7/ z—=11\1
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SUMMARY & OUTLOOK

ACHIEVEMENTS
v' Analytic computation of the Mls,

i Paper h

Out Soon

v D;_,(z) fragmentation function at O(y?as),

v Dg_,(2) fragmentation function at O(y7as),

v Pl (z) splitting function at O(y7as),

v’ Py,(z) splitting function at O(y7as).
OUTLOOK

x Convolution of the fragmentation functions with ¢¢,

x NNLO computation of the fragmentation functions in m;, — 0.
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