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I ZINTRODUCTION

o o(g9g — H) = (547212 3/5(TH) + 3.2%(PDF,05)) pb @ 5 =14 TeV
=70 Anastasiou,. . .

e uncertainties: PDF+4ag, renormalization/factorization scale
top/bottom masses: ~ +£0.8% <« scale/scheme dependence

e pole mass «— MS mass:

_ . m
mi(mg) = - 2 3
k(mg) = 1—|—%O‘S(;n’t) +10.9 (O‘S(;"’t)> +107.1 (O‘S(:“)>
o elos ()]
L) A P
7 \? . .
c(z) = (5:1:) (1 + 1.398z + 1.793 22 — 0.6834 23]

my = 172.5 GeV mi(m) = 163.0 GeV MH/4 < < My

.89 D 49
099 — H)ro=18.43108%pb  o(gg — MRG0 = 4217125 pb



I1 GLUON FUSTON

e Off-shell Higgs production: gg — H*
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my scheme/scale uncertainties only:

o LO:

(g9 — H*)lQ:125 Gev — 18'431?'?‘;/: pD,
(99 = H")gmaoo cev = 4947155 pb,
(99 — H")|g—g00 gev = 0.13910°% pb,
e NLO QCD:

0(99 — H")|g—105 gev = 42.177027 pb,
o(gg — H*)|Q=4OO Gev «— 9-431L8'$://: pb,
0(99 = H")|gp=000 gev = 0'2301_%9;/‘(% pb,

o(g9g9 — H*)|Q=3OO Gev — 4'88:2.3{‘;0% pb
o(g9g9 — H*)‘Q=6OO Gev 1'13_—|_§éc.);/‘c% pb
o(gg — H*)|Q:12OO Gev O°0249f2i(.):/<(’)/<, pb

(99 — H*)|Q=3OO Gev — 9'851_5.'3?://: pb
o(g99 — H*)|Q=6OO Gev 1971?5(.);/‘(% pb
o(gg9 — H*)‘Q:12OO Gev 0'04021_36?(;/‘(% pb



e Higgs + jet production: gg — H + j

LO: pup = Hp/2 = (\/MI% -I-p% +ij)/2

pp— H+j
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III H* — ~~

W /2 V]2
H--- LS H--- W H---
NNy v

BR(H — vv,Z~) S 2x 1073

e W —t destructive interference

e QCD corrections: S 3% in intermediate

e clw. corr.: S O(10%)
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e running mass: my(ut) = k(my)mi(pe) «— HDECAY

I'(H — vy [keV]

u = Q12
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e it =Q/4...Q @ NLO:

r(H" — ’W)|Q:125 GeV
F(H" = vY)lg=400 Gev

r(H" — ’W)|Q=900 GeV

— 0.43101% ey

—0.4%

= 72.3129% yev,

—-35%

— +16%
= 158.7+/%%

keV,

r(H* — 7’7)|Q=3oo GeV
r(H* — ’Y'Y)‘Q:6oo GeV

r(H* — 7’7)|Q=1200 GeV

_ +0.5%
= 109.4105% keV

— +156%
= 7.037155% keV

__ +3.4%
= 572.3734% kev



IV g9 — HH v P o ’

) —---9 + tb 4 , o

e third generation dominant: ¢ (b)
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g9 — HH at NLO QCD | /5 = 14 TeV | PDF4LHC15
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= -15% mass effects on top of LO



uncertainties due to my

e use m¢, m(m) and scan Q/4 < u < Q — uncertainty = envelope:

da(ggdg 1) =300 Gev = 0.02078(7)¥3;5, fb/GeV.,
da(ggdg B, o0 oy = 0.1609(4) 2%, fb/GeV,
da(ggdg HH) 0—600 Gev = 0.03204(9)T0% b/GevV,
cla(ggdzz> HH )|Q:1200 Gev = 0.000435(4)T0% fb/Gev

e bin-by-bin interpolation:

4%,
o(g9g — HH) = 32.8177% fb



e Why a dynamical scale ~ Q7
large momentum expansion (3 = Q2 > m7?), two FF:

pole mass my:
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e renormalization/factorization scale uncertainties @ NLO:

V=13 TeV: oy = 27.73(7)T138% b

12.8%
(0]

Vs=14TeV: oy = 32.81(7)FT13E5 b
(0]

Vs=27 TeV: oy = 127.0(2)1T]177% b

(0]
Vs =100 TeV: oy = 1140(2)F 0% fb

e m; scale/scheme uncertainties @ NLO:
Vs=13TeV: oy = 27.73(7)T1% b

Vs=14TeV: oy = 328U(7N)T1E fb

Vs=27 TeV: oy = 127.8(2)11% fb

Vs =100 TeV: o = 1140(2)73% fb

e how to combine them? — envelope ~ linear sum (rel. err.)



e renormalization/factorization scale uncertainties @ NNLO prgpproq:
o
Vs=13 TeV: o4y = 31051227 fb

(0]
Vs=14TeV: o4y = 36.691227° fb

(0]
Vs=27 TeV: oyy = 139.9113% fb

Vs =100 TeV: oy = 12247097 fb

e HO corrections: dominated by universal S+V+C corrections

= ~ rescaling of rel. m; scale/scheme uncertainties



final combined ren./fac. scale and m; scale/scheme unc. @ NNLO prgpproqr:

6%
Vs=13TeV: oy = 31.05707% b

(0)
Vs=14TeV: o4y = 36.6915% b

+5%
\/E = 27 TeV . Otot — 139.9_228/0 fb

149
Vs =100 TeV: oy = 12247570 fb




A dependence

g9 — HH at NLO QCD | /s = 14 TeV | PDF4LHC15
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e m; scale/scheme uncertainties @ NLO:

ka=-10: oy = 143811107 fb

kA= -5: o = 512.8(3)119% b
ka=—1: o = 113.66(7)T57 b
kA=0: o = 61.22(6)TC% fb
kA =1: o = 27.73(M)25
kA=2:1 o = 13.2(1)T)%8 fb
ka=24: o = 127(1)13% b
kA=3:1 o = 17.6(1)T2%, fb
kA=5: o = 83.2(3)1 5% fb

fy =10  opr = 579(1)+1% fb



e renormalization/factorization scale uncertainties @ NNLO prgpproq:

ky=—10: o = 1680130% fp

—7.7%

(0]
ky=-5: ot = 598977/ fb
ka=—-1: opr = 131972278 fb

kA=0: oy = 70.38727% fb

(0]

ka=1: o = 31.05722% fb

(0]

kA=2: o = 13.81720% b
ky=2.4: op = 13.107237 fb
kA=3:1 o = 18.67T21% fb

(0]

Ky =5 Otot — 94'82—1—;"89(?: fb

(0]
kAa=10: oy = 67221325 fb



e final combined uncertainties @ NNLO prgppros:

ka=—10: o = 16801127 b

ky = —5: opr = 598.9T13% fp

—15%
ka=-1: o = 131.9711% b
(0]
kA=0: o = 70.3875% fb
ka=1: o = 31.0575% fb
KA=21 oy = 13.8173% fb
(0]
ky=24: op = 13.1075% fb
_ . _ +12%
kA=3: o = 18.67112% fb
Ky — 5: Otot — 94.821_113?://: fb

kA=10: oy = 67227157 fb




IIT CONCLUSTONS

e Sscale and scheme uncertainties due to m¢ relevant for large momenta
e significant uncertainties for Higgs production @ large pp

e Significant uncertainties for off-shell Higgs production and decays
(heavy BSM Higgs bosons)

e Higgs pair production: m; effects on top of LO ~ —15% for oy
[larger for distributions]

e factorization/renormalization scale uncertainties ONNLO prappros S 5%

e uncertainties due to m; scale/scheme choice sizeable S 20%
— linear combination of rel. uncertainties

e analogous issues in gg — H + 2jet, ZH, ZZ etc.



BACKUP SLIDES




Ratio to HTL
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onLo(pp — HH + X) = 0.0 + Aoyirt + Aogg + Aogg + Aoy

1
dL99
oLo = / dr P 5Lo(Q* = Ts)
Qg d£99 R
g dng Vodz M?
Dogy = ('u) / — 5L0(Q* = 27s) {—ngg(z) log —
o dr /7 ? T8

+dyy(2) +6[1 4+ 2* 4+ (1 — 2)4] (IOgl(l—Z)) }
_ N
ANogq = as(1) /1 dTZ

1
g AL
Aogg = 7(TIUJ)/ dTE // — ULO(Q = 275) dyz(2)

2

7s(1 — 2)2

d L9 // _ ULO(Q — 27'5) {—%qu(z) |Og +dgq(z)}

11 11 2 32
C—>7T2+?+CAA, dgg — _?(1_3)37 dgq_>522_(1_z)27 dgg — 5(1_3)3



do(gg — HH)

do(gg — HH)
a0 |0=400 Gev

do(gg — HH)

do(gg — HH)
a0 l0=1200 Gev

e m; scale/scheme uncertainties at LO:

0.0165652% fb/GeV

0.0939170% fb/GeV

+0%
0.021327 2% fb/GeV

OO
0.0003223%0% fb/Gev
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e pole mass:

Firo — 4

P10 = ~g G+ DL + PLE + 721G + D2 + 1)

4m,52 (per)

S
B mi ()
st(s+1)

{G+ 8213, + LA + m2[(8+ D% + 1)




e different scales for y; in triangle (Q) and box (My) diagrams?
— has to hold at all orders

g 0000 o H g —T - q

b A ----o i t,b , oo

9 9900/ NH g SR H




e different scales for y; in triangle (Q) and box (My) diagrams?
— has to hold at all orders

g TOO0) H o H g - fﬂlﬂH
N |
tb 4 -----® - t,b H--
A |
\\ |
g Q000 ~H g - q

elw. corrections
— Ssame scales in all diagrams



mt (M_HH/2)

M_HH mt (M_HH/4)

125 189.209370262526
260 176.139964023672
275 175.247098219568
300 173.888433241807
350 171.556916171559
375 170.543285547792
400 169.611142167793
500 166.501914700149
600 164.084218616097
700 162.101622772544
800 160.289697463114
900 158.737886290123
1000 157.384965182267
1100 156.188624671063
1200 155.118481503625
1300 154.152026867353
1400 153.272150436136
1500 152.465560631846

176

151
150

146

. 7172460597358
165.
165.
164.
162.
161.
160.
1567.
1565.
1563.
. 721739637882
.390138497802
149.
148.
147 .
.434896300904
145.
144 .

972836934324
224863654266
084218616097
101622772544
168290295641
289697463114
384965182267
118481503625
272150436136

226383426185
195135247933
270941230420

672596390682
972828986822

.501914700149
.889564725476
.188624671063
.118481503625
.272150436136
.4655606313846
. 721739637882
.226383426185
.270941230420
.672596390682
.326704798025
.168060367441
.1563427561240
.252743160739
.444302478362
.711950260189
.043354388391
.428898934501



