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A« W/Z physics

e Higgs Physics

e Bc meson and doubly heavy baryon

e New Physics




1. W/Z physics

WWW  (PRD 95, 073005, 2017)

17y (JPG 44, 085002, 2017), (EPJC 76, 76, 2016)
Z7Zjet (PRD 94,013011,2016)

177 (JPG 43, 115001, 2016)

Wwijet (PRD 92, 033005, 2015)

WZZ  (JHEP 10, 186, 2015)

WWV  (EPJC 74,3166, 2014)

ZZW  (MPLA 31,1450153, 2014)

ZVYY  (EPIC74,2739,2014)



LHC: Precision measurements will be possible in Run2

ZZ+jet: A useful background process for Higgs-boson production.

ZZ+ y: Help for the determination of quartic gauge boson coupling.

Les Houches 2013: Physics at TeV Colliders
Standard Model Working Group Report

NV do(V decays) @ NLO QCD do(V decays)
@ NLO QCD + NLO EW

VV' +j | do(V decays) @ NLO QCD do(V decays)
- 5 NLO QD + NLO EW
VV'+jj | do(V decays) @ NLO QCD do(V decays)
@ NLO QCD + NLO EW
A7y doe @ NNLO QCD + NLO EW gr resummation at NNLL matched to NNLO

Wishlist part 3 — Electroweak Gauge Bosons (V =W, Z)



Les Houches 2015: Physics at TeV Colliders High-precision prediction !
Standard Model Working Group Report

pp—V 43 do NQLOQCD do NQLOQCD + NLOgw+ decays
do NLOgqcp+ decays
do NLOgw+ decays

do NLOgqgcp+ decays
do NLOgw
do NLOqcp

pp — V 4+ 25

do NQLOQCD + NLOgw+ decays

do NLOqgcp+ NLOgw+ decays

pp — VvV do NLOqcp+ NLOgw+ decays

do NLOEW
pp — Y do NQLOQCD do NQLOQCD + NLOgw
pp =Y +J do  NLOqcp do  N?LOqcp + NLOgw

Precision wish list: vector boson final states. V =W, Z and V', V" =W, Z,~.



» Corrections of NLO QCD could be large ( typically at 0(10%) ) !
> Necessary to reduce the scale dependence !

O(dtew) ~ Ofag)
The NLO EW correction becomes mandatory !

Integrated cross section:

o' (pp—=ZZ + jet/y)=Xap | d x1dx; fa/p(xl)fb/p(xZ)aég—)ZZ+jet/Y



1. Phase space

Loop amplitudes tensor reduction:

TN — (ZTTP-)4 b
P P Hi-HM — g2

[dPq- q'” UM with D; = [(q + p; )2 — mlz]
Dy- 1

N = 5: Reduced to 4-point integrals based on approach

raised by Denner- Dittmaier.

N<<4:Standered PV dimensional tensor reduction.

In-house improved package

v Nem)
Ji-ImM (detGyn)M— 0 : Numerical Instability !
( 2pip1 t 2P1PN-1 )
Gy = 5 5 . : . _
20N-1P1 * 2DN—1PN-1 YES, Quadruple arithmetic NO, Double arithmetic



2. IR singularity

I. Two cutoff space slicing method(TCPSS)

soft region:E}, < 8sVs/2 Soft IR poles exactly canceled with doy;,

hard collinear region: cost,; <1 -6,

hard region: canceled with do,;,-with PDFs redefiniton
E, > SVs/2 d0par-
hard non-collinear region: cost,, > 1 — 6,

IR finite

©) Clear physics picture
(=2 Large number cancellation

A

Il. Dipole subtraction method

OnLo = Oro t+ f
m

7

IR divergence canceled

davirt + J. dadipole
1

+ J’ [dgreal - dadipo!e]
m+1

approximates the divergent behavior of
d G, in all soft/collinear regions

The dipole terms are only needed in the singular region

Parameter «a :distinct regions neighboring a singularity and
regions without need of a subtraction

matrix

integration

(.9 Mapping of momentum between
the dipole terms and real emission

©) Higher stability of numerical
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QCD emission

pp—ZZ + jet + jet

EW emission

pp—ZZ Hjet + vy

pp—ZZ +Hy +jet

pp—=ZLZ +y+ vy

7+ jet ?




Method A:

Method B:

Ejet

1—cos(8) \n
[ pT,]et > X(S)I X(S) T,y Ey(l—COS(So) ) }
S. Frixione, Phys. Lett. B 429 396 (1998)
-
chla 1 | Arp?\ €
s _ il —€ b
Dq—’}’(zr) _ 27 er(l g €) 5(& [Zy(l - Zy)] [Prq(zy) - €Zy] + an—iil(zy)-
\
Qa1 1 Amp2y e
bare r
Dq_w(z,},) = 2; Ef(l — 9 ( ,u?e ) P, (zy) + Dy (2, piy)
> 0.7 E.W.N. Glover and A.G. Morgan, Z. Phys. C 62. 311(1994)




2. Higgs Physics

VBF Higgs pair (PRD 96, 055006, 2017) (PRD 89, 075011, 2014) (PRD 89, 073001, 2014)
HZ in LHT at NLO+NLL accuracy (PRD 94, 074020, 2016)

HH in RS (PRD 92, 116005, 2015)

ttH (PLB 738, 1, 2014)

H5h in GM (submitted)



» Higgs production channel !
> Higgs self coupling 1

Method A: Structure function

Method A: Effective theory



Structure function :

1 1 Y
FZ(z,Q%) = 2fi(z) / dy / dz6(z —yz) Y (v} + a3
[QHSJ(J 15)Cihs (2, Qs l’f) +qs(y: 1f)Cig(2, Q, pirs pig) + 9(y. 11£)Cig (2, Q. pir, I‘f)]

1
F32(:17.,Q2) = 2f3(;r)/0 dy/o (1,:5(;1'—y.:)221*j(1.j
j=1

X [q,;?j(y- 1f)C3 (2 Qs pirs puf) + s (Y, 1) CF 1 (2, Q. pir l-f-f)] :



CE, = 6(1—=2)+a, [cg}n’j + L,“P,gg)i]

i,ns
, | g of 1 _ ,
% [ e L (PT(ISI)‘:E HC tns @* (PHO) - '30)) LZU (Eprgg)i ® (Prg(s])'ﬁ: 30))

lIlS

+ Bo LR( 535 £ 3 LMPAS)’:E)] , (i=1,2,3),

Cig = 5(1—l)+ﬂs[ -I—LMP(?,)]

: f
ez + L (quluc o (P9~ + 0 D)

o (1 i 1
+ Ly (2P<§3) @ (Pl — Bo) + EPCE;’) ® Pég))

+ JoLR( + L ’\IP(?I))] -,
Wilson coefficients can be determined by the PDFs !



GM model: Higgs real triplet, complex triplet, doublet

0% - -
FURE X § . X
— ' -' - 4% -
e xtte —€t x
1 qQ q1
. —_— .
HE h
: W*/Hs
h =




Cross section

vs [GeV]

4

va |Ge




K factor :

benchmark point A B C D
(ms,va) (GeV) || (200,24) | (200,17) | (300,24) | (300,17)

benchmark point || VS (TeV) LO (fb) NLO QCD (fb) | K
A 14 0.2208185% | 0.264972%% | 1.20
70 Ny e gsogtae | 1.0
- 14 0.1095%85% | 0.1320137% | 1.20
70 1.34910-3% lg8g¥o= | 148
A 14 0.11057 752 | 0183yilie | 191
70 B LEr2toce | .08
B 14 0.05504172% | 0.06675122% | 1.21
70 0.7900102%% |  0.827613 ¢ | 1.05




3. B¢ meson and doubly heavy baryon

Bc*  (PRD 95, 034019, 2017)
Bce**  (arXiv:1710.11508)
doubly heavy baryon (PrD 95, 074020, 2017)
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GM-VFN scheme !

1075 events/year @ LHeC !

PDF, b-quark mass and scale uncertainties.



4. New physics

Tau to muon+y (EPJC 76, 421, 2016)
T-odd quark pair production (MPLA 25, 1550125, 2015)

DM+Z. (EPJC 74,3219, 2014)
DM+W  (JHEP 09, 069, 2014)



LHT model:

Precise calculation for heavy gauge boson production in the
LHT model

Journal of Physics : Conference Series 523 (2014) 012054
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Constrains parameter space of leptoquark model:

Tau to muon + photon:

M, (GeV)

1 B currentexp.bound | ]
- |——L=1000fb"

.10-1:_ . )

107 4

200 400 600 800 1000 1200 1400



DM search at colliders :
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