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Motivation from Precise Higgs Physics

The 125 GeV Higgs boson has been found at the LHC.
Precise higher order calculations are needed now!
For the Higgs plus one jet process:
® The QCD NLO results are known.
® The two loop helicity amplitude and the total cross section for
the gg channel at NNLO are also known.
® In the threshold limit at large pr, the large logarithms occur,
then resummation are needed.
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Motivation from New Physics

® New physics may modify the coupling of Higgs to the top
quark.

® The most direct channel to determine the coupling of Higgs
to the top quark is the ttH channel.

® However, the current abilities to measure the coupling of
Higgs to the top quark through ttH process are still weak
because of its small production cross section and complicated
final states with copious decay products.
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Motivation from New Physics

Recently, a complementary method to determine the coupling of
Higgs to the top quark has been proposed by investigating the large
p1 behavior of Higgs boson in associated production with one jet.
(arXiv: 1309.5273, 1312.3317)
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Analysis of kinematics and threshold limits

The dominant partonic processes for the Higgs boson and one jet
production are gg — gH, gg — gH and gg — gH.

For simplicity, we only present the detailed discussions on the
subprocess gg — gH channel as the example.
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Analysis of kinematics and threshold limits

The hadronic and partonic threshold variables are defined as

S = Py=s+t+u— M3, (1)
ss = px=5+t+0-Mp, (2)

The hadronic threshold limit is defined as S4 — 0.

In this limit, the final state radiations and beam remnants are
highly suppressed, which leads to final states consisting of a Higgs
boson and an inclusive jet, as well as the remaining soft radiations.
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Analysis of kinematics and threshold limits

The total cross section is given by

T 1 dé;
o = /an/de/dt/dei/Pa(NFaXa)G/Pb(NFaXb)zgd%dja

meax Ymax maX
T
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b, min
do;;
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2(sz+ u— M) i/pa (1 xa) i, (1 Xb) s (3)
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Factorization and Resummation Formalism in SCET

Then we show the main process to get the factorization formula.
The first step is writing the the leading power effective operator of
gg — gH in SCET as follows

07 (xi t1, 1o, 1) = ATT(x + 1) A5 (x + toFia) AT (x + t7)),
(4)
where ? is the effective gluon field in the frame of SCET. The

correspondlng hadronic operator can be written as

/dtl dt, dt; a/g,y(tl,tz,tj)oafc (X tl,tz,tJ) (5)
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Factorization and Resummation Formalism in SCET

The generic expression of the cross section is

1 asC 2 d3PH 4
do = — 2
? 25\ Tomv) 2n)%2E, ZX:( ™)

SO(PyL + P2 — px — pr)|(X |7 (0)| N1 (P1)Na(P2)) |-

Substituting Eqs. (4)— (5) into Eq. (6) and performing Fourier
transformation, we get

1 Qg Ct d PH bex =def
d a C* C €
7= 25(127rv (2m)32Ey Z afy “uvp

/d4x e P (N1 (P1) Na(Pa)| O (x) [X) (X Ofieh(0) [Ny(Py) Ny
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Factorization and Resummation Formalism in SCET

Redefining the field to decouple the soft-collinear interaction,
0 =0°0°¢, (7)
rewrite the squared amplitude in Eq. (6) as
(Ny(P1) Na(P2)| O 5 () 1X)(X| Opup(0) N1 (Pr) No(Py)) =

(M) \Am )AL, (0] Na(Pr) )< Na(P2) [ 45, (x)Azﬁ(O) Na(P2))
XZ (047 | (%) Xc)(Xc] A% | (0)[0) XZ 0]OSL ()| Xs) (X 05,(0)]0) .
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Factorization and Resummation Formalism in SCET

Substituting the definition of the gluon jet , soft and parton
distribution functions (PDFs) into Eq. (8), we obtain (up to power
corrections) the final factorization formula

dAthres
o = /andedth f/p (Xa, )G/pb(Xb, ) dtdA ,
d(/}:g'hres 1 1
R AR

/dk+/dpl S(k™, 1) J(p2, 1)6(s4 — p? — 2k T Ey),

soft emissions
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&

collinear emissions
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The Hard, Jet and Soft Functions at NLO

The hard functions are absolute value squared of the Wilson
coefficients of the operators, which can be obtained by matching
the full theory onto SCET.

It is obtained by subtracting the IR divergences in the MS scheme
from the UV renormalized amplitudes of the full theory.
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The Hard, Jet and Soft Functions at NLO

The hard functions at NLO
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The Hard, Jet and Soft Functions at NLO

In our case, the RG equations for hard functions are given by

d
mHgg(Mh) = |:37CuSp (111/% +In— 2 + In Nh> + 27gg] Hgg (1),
9 ) = |3 In—> +1nA11nl%+2HH(‘
d 1Il,uh gq\Lh — “Ycusp Mh Mh 9 M% ’qu gq\Lh,
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The Hard, Jet and Soft Functions at NLO

Solving the RG equations,

Heg(n) = <a5(ﬂh))3exp [185(Mh7ﬂ)_2agg(ﬂh7ﬂ)}

gtfl) —3ar (ph,u)

(
Heq(1) = <a5(uh)>3exp %S(uh, p)—2a (uh,u)}
(#
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The Hard, Jet and Soft Functions at NLO

The jet function of gluon Jgz(p?) is defined as

(0143 (004 (0)10) = ()57 &2 [ 1555 0(6°) () e

the RG-improved jet function at an arbitrary scale i can be
obtained

(P 1) = exp[—4GiS (g, 1)+22% i, 1) Doy 17) P e
! ) J A 1 njs Ky P2 MJ2 r('r]J) ,
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The Hard, Jet and Soft Functions at NLO

The RG-improved soft function can be given as

S ~ 1/ k\"™ e ens
S(k, p) = exp[—4CgiS(ps, 1) — 2a (Ns:ﬂ)]s(ansaHS)k<ﬁ> )

)
the Laplace transformed soft function s(L, ) at NNLO is given by

(L) = 1+ %ST <2Cg,-F0L2 —2y5L+ c15>
2
430 Cail
+<Z‘;> {2Cg,-r3L4 + (—47§ Cgilo — 503*30)L3

n [2Cg,-r1 +2(98 + Bo)rs +2¢8 Cg,-ro} 12

“2[2f + 6 + Ao)ef] L+ of .
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Final RG-improved differential cross section

The resummed differential cross section for the Higgs boson and a
jet associated production

~ thres >\0,ij(,U/h)

didos — 16782
a3 3ar (ph,pt)
st
exp [pijS(uh,u) - 2a¥(uh,u)} <> Hij(en)
J; m/2-/
exp[—4GiS (), p) + 227 (nj, )] | —3
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Final RG-improved differential cross section

In order to compare with the fixed-order results, setting
ph = Hj = jis = j, we expand the above results up to O(a?)

doj \ O 2s L AoDy + ALDy + Agd
<167r§2> dn (54)+47r{ 2Dz + A1Dr1 + Ag (54)}

2
o
+<4;> {3404 + B3Ds + ByDs + BiDy + 305(54)}(13)

with
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Final RG-improved differential cross section

In order to obtain the best possible precise predictions, we combine
our resummed result with the non-singular terms up to NLO in
fixed-order perturbative calculations, and the RG-improved
differential cross section are given by

dé\'Resum _ dé\.thres daNLO da.thres
dtdi dtdi

d/t\'dfl - d,f'dfl - > ’expanded to NLO» (15)
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Numerical Results

The NLO cross section is well approximated by the singular terms
from resummation when the pr of Higgs is larger than 100 GeV.
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Numerical Results

Choosing scale as pp = 2.5y/p% + M3, pj = 150 GeV,
s = 100 GeV can lead to small scale uncertainty.
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Numerical Results

Define the differential K-factor
dO.NLO-i-NNLL

K = 16

(Pr) = 0 (16)
Since the differential K-factor depends weakly on the top quark
mass , we can obtain a reliable approximation of higher-order cross
section by multiplying the K-factor to the exact top mass

dependent LO one.

do  dok©
— = M K . 17
dpr dpr (pT) ( )
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Numerical Results

The central value

(F = My, pip = 2.5¢/p% + M2, 1; = 150 GeV, s = 100 GeV)of
four cases for the Higgs production with large pr at the 8 TeV
LHC.
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Conclusion

® We have studied the Higgs boson and a jet associated
production at large pr including NNLL4+NLO resummation
effects in SCET.

® The resummation effects decrease the NLO cross sections by
about 11% for pr > 100 GeV, and also reduce the scale
uncertainty obviously.

® Moreover, we discuss the top mass effect numerically.

® Any deviation of the Higgs boson’'s pr behavior will give hints
to the possible modification of the Higgs couplings to the top
quark, which will shed light on the new physics.
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Thanks!




