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Outline

e QCD Basics
* Factorization, PDFs, running coupling

e QCD and Higgs boson production
* Inclusive production cross sections

* Differential cross sections, resummation

¢ QCD and Higgs boson decays

* Quark masses

* Uncertainties and prospects

® Monte Carlo event generation

* Perturbative and non-perturbative components
* |Improvements: matching and merging

*  Survey of results
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QCD

Basics
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QCD Factorization

Opp—x ( Z/ dxy dry fi(wy, wp) fi(xe, p5)6ij-x (21728, as(uR), 1, 1)

N N N——

momentum parton hard process cross
fractions distribution section, renormalised
functions at scale ur at scale up

® Non-perturbative physics takes place over a much
longer time scale, with unit probability

® Hence it cannot change the cross section

® Scale dependences of parton distribution functions
and hard process cross section are perturbatively
calculable, and cancel order by order
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PDF Evolution

uz Z/ (— )) fi(&, u?)

® PDFs measured in various processes at various scales
® Global fits satisfying evolution equations give PDF sets

® Generally done at NNLO nowadays
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PDF Evolution

H1 and ZEUS HERA I+II PDF Fit

(Q2=2GeV2 )

—— HERAPDF1.5 NNLO (prel.)

B exp. uncert.

model uncert.

- parametrization uncert.

0.6 -
L \ Xu,

March 2011

HERAPDF Structure Function Working Group

Fraction of proton momentum
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PDF Evolution

H1 and ZEUS HERA I+II PDF Fit
\ 2 _ 2
e ( Q*=10 GeV )

HERAPDF1.5 NNLO (prel.)

B exp. uncert.

model uncert.

xf

March 2011

0.8 |-

parametrization uncert.

HERAPDF Structure Function Working Group
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Fraction of proton momentum
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PDF Evolution

H1 and ZEUS HERA I+II PDF Fit

R |
| ( Q% = 10000 GeVa 3
=
g :

08 - \ —— HERAPDF1.5 NNLO (prel.)
i ‘ | B exp. uncert.
model uncert.
xS | ..
\ parametrization uncert.

0.6

HERAPDF Structure Function Working Group

0 02 04 06 08

[y

X
Fraction of proton momentum
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PDF Uncertainties

LHC 8 TeV - Ratio to NNPDF2.3 NNLO -« = 0.118 Ball et aI., 1211.5142

1.3: T T T T T TT ||
1.o5E| S8 NNPDF2.3 NNLO
2125
n -
21.15
£ E_ 4?3 . . 9
311 . ® Parton luminosity £,;(M%,s) =
c 2
§1.08 2 2 2
S 1 e 47 : : —
IO o /d:zsldazg filx1, M%) fi(x2, M%) 6 (:1313323 MX)
g0.95F " T
(_g [

II| 1 1 1 1 | -
2 3
10 M, 10

e Relevant PDFs (relatively)
well known at x ~ Mu/+/s

1_25; seme NII\IPDF2.3 NNLO \§ . .
o 1 o | CTIoNNLO ® Some disagreement with CT10 L,
'§1 1'5§_ JLZZZ MSTW2008 NNLO \§§§\
EF S
3 11 S :
= 1 05 ® Remains true at |13 TeV
S 1
§0.95 . . . .
& 09 ® Can be improved (in principle)
0.85
0.8 : |

10° M, 10°
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QCD Running Coupling

® Consider a dimensionless quantity R depending on a single hard scale Q

* Dependence on Q can only be via Q/L

* But L is arbitrary, so overall dependence on it must vanish

d 0 dag O |
2 27,2 — 1,2 2Y¢S _
> pos (Q/u,as)—_u 9.2 T g MSR 0
2 0
® Define t=In (g ), 6(a5):'u2(9i,u§
0 0 ; B
» [_ a +ﬁ(a5)aa5:|R(e 7045) —
as(Q?) dx
® Introduce 0is(Q?) such that ¢ = —— ., as(p®) = ag
as B(x)

® Then solution is R(1, as(Q?))

* All scale dependence is absorbed in running coupling 0ts(Q?)
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QCD Running Coupling

Q2 as(Q%)
(%)= [ By Hlas)=—ad(o+ Pras )

u
> ln(ffj) - 510 {&S(le) Oés(lﬂz)} T
> as(@) = 1+50048a8(u2) (Q2/p?)

Wﬁ% WQW
33—2nf /127r

® [0>0 means asymptotic freedom

® B-function known to 4 loops (33)

Bryan Webber 12 Burg Liebenzell, Sept 2014



QCD Running Coupling

i IS R FTAG2013 Latt'ceO‘S(MZ)
T_decays I.:-O_| —il— our estimate
Lattlce q) —— PDG non-lattice average
DIS —O— : < ETM 13D
4o~ o I 'J_ % ETM 12C
€*e” annihilation +—O pd ETM 11D
I
4 po]e fits —— —— Bazavov 12
| HIlH HPQCD 10
A I LA I T - HEH HPQCD 10
L l PACS-CS 09A
0.11 0.12 0.13 g_ Il Maltman 08
H_H HPQCD 08B
(XS (MZ) H H HPQCD 08A
’—[|]—1 HPQCD 05A
aS(Q) v T decays (N°LO) | : — — | QCDSF/UKQCD 05
Lattice QCD (NNLO) - { - - Boucaud 01B
» DIS jets (NLO) g —— SESAM 99
03 | 0 Heavy Quarkonia (NLO) I { l Wingate 95
o e'e jets & shapes (res. NNLO) o« — Davies 94
® 7 pole fit (N3LO) < — (] — Aoki 94
v pp—> jets (NLO) : (] | El-Khadra 92
0.2 0.100 0.105 0.110 0.115 0.120 0.125
wdl FLAG WG: Aoki et al., 1310.8555
YV s O
0.1+ W 4 N\
— QCD 0g(M,) = 0.1185 = 0.0006 — .
| iozomsszoms "1 (5(MZ)=0.1185(5) [lattice]

Q [GeV]

s(Mz)=0.1183(12) [non-lattice]

Bethke, Dissertori, Salam, RPP 2013
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Lattice QCD Coupling

FLAG WG: Aoki et al., 1310.8555

Collaboration Ref. Ny S axs(Mz) Method Table
ETM 13D [544]  2+14+1 A B 0.1196(4)(8)(16)  gluon-ghost vertex 37
ETM 12C [545]  24+1+1 A ® 0.1200(14) gluon-ghost vertex 37
ETM 11D [546] 2+1+1 A m 0.1198(9)(5)(F%)  gluon-ghost vertex 37
Bazavov 12 [503] 241 A 0.1156(35 Q-Q potential 33
HPQCD 10 (73] 241 A 0.1183(7) current two points 36
HPQCD 10 (73]  2+1 A 0.1184(6) Wilson loops 35
PACS-CS 09A [486] 2+1 A 0.118(3)* Schrédinger functional 32
Maltman 08 [517]  2+1 A 0.1192(11) Wilson loops 35
HPQCD 08B [85] 241 A = = ® (.1174(12) current two points 36
HPQCD 08A [514]  2+1 A 0.1183(8) Wilson loops 35
HPQCD 05A [513]  2+1 A 0.1170(12) Wilson loops 35
QCDSF/UKQCD 05[518] 0,2 —3 A 0 0.112(1)(2) Wilson loops 35
Boucaud 01B [539] 2—3 A ® 0.113(3)(4) gluon-ghost vertex 37
SESAM 99 [519] 0,2—3 A m ® (0.1118(17) Wilson loops 35
Wingate 95 [520] 0,2—3 A m ® (0.107(5) Wilson loops 35
Davies 94 [521] 0,2—3 A = (0.115(2) Wilson loops 35
Aoki 94 [522] 2—3 A B ® (0.108(5)(4) Wilson loops 35
El-Khadra 92 [523] 0—3 A 0.106(4) Wilson loops 35
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QCD and the

Riggs Boson
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Higgs production cross sections

[ 1 [T]

I
LHC HIGGS XS WG 2013

Georgi et al. '8_

PRL40(1978)692 \&
+

D + NLO EW)

A
o
N
T T 11

op— H (NNLO+NNLL O

Jones & Petcov

PLB84(1979)440 ¢ 7T b\

I IIlIIIII|

pp — gaH (NNLO QcD + NLO EW)

pp — WH (NNLO QCD + NLO EW

Glashow et al.
PRD18(1978)1724

\4

pp — ZH (NNLO QCD + NLO EW)

:l L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | I I | I I | L1 1 1 |:
““““““ / 38 9 10 11 12 13 14

\'s [TeV]
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The challenges: (taken from

ggF, VBF, WH/ZH, ttH, BSM Higgs

Higgs Cross Sections //// Jet bin uncertainty

(inclusive/exclusive) v ( HL H+0,1,2-jets
Differential K-factors gluon '
(effect of jet-veto etc.) W/Z
top/bottom Higgs decay
QCD correction NXLO + N™LL L Branching ratios
EW correction, Mixed QCD-EW Higgs (QCD/EW corr.)

. . New particles
Heavy Higgs Line Shape ~ W/Z

SM Backgrounds & Interferences ¢/ Higgs p;

(soft gluon resummation)
Higgs Mass, Coupling and JF¢ /
.

PDF+a_ uncertainties
Renormalization/Factorization scale dependence




The challenges: (taken from [r. Tanaka, talk at Aspen Higgs WS 03/13])

ggF, VBF, WH/ZH, ttH, BSM Higgs

~@—

gluon ,

Higgs Cross Sections
(inclusive/exclusive)

Differential K-factors
(effect of jet-veto etc.)

Jet bin uncertainty
H+0,1,2-jets

W/Z

top/bottom Higgs decay
QCD correction N\LO + N™LL o Branching ratios
EW correction, Mixed QCD-EW H|ggs (QCD/EW corr.)

Heavy Higgs Line Shape
SM Backgrounds & Interferences



LHC Higgs Cross Section Working Group

R M-SR -
IT Pubwrsary 318

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE
CERN EURGPEAN ORGANIZATION FOR NUCLEAR RESEARCH

Hanidbook of LHC Higps cross sections:
1. Inclusive observables

Hoepoari ool ibee 1LHA Migps U rss Secibon Werbdng Giraup

5. Dittmaicr
. Marien
1. Pesanno
K. Tanaks

EXNA
=

CEH S -] D]
1% Bammmary 1T

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE
EE HH ELROIPEAN ORGANIZATHON FOR MUCLEAR RESEARCH

Handbook of LHC Higes cress sections:
2, Differential Distributions

Brgeaert of the LINC Higes Croems Section Working Group

Edivears: 5. [irmiier
L Marisi
G, Passaring
B Tamaks

OIS

arXiv:1101.0593, 1201.3084, 1307.1347
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Higgs Production

Cross Section
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Bryan Webber

Inclusive (QCD) Cross Section

ou(s) = Z/dfb‘ld@ fix1, uF) fi(xa, pu7) 6ij (w1225, miy, as(uk), ke ir)
1,7

Table B.10: ggF cross sections at the LHC at 8 TeV and corresponding scale and PDF+ag uncertainties computed

according to the PDFALHC recommendation.

My[GeV] o [pb] QCD Scale [%] PDF+ay [%]
124.4 19.45  +72 —79  +75 —6.9
124.5 19.42 472 —-79  +75 —6.9
124.6 19.39 472 —-79  +75 —6.9
124.7 19.36  +7.2 —79  +75 —6.9
124.8 19.33 472 —78  +75 —6.9
124.9 19.30 472 —78  +75 —6.9
125.0 1927 472 —-78  +75 —6.9
125.1 19.24 472 -78 475 —6.9
125.2 1921 472 —-78  +75 —6.9
125.3 19.18 472 —78  +75 —6.9
125.4 19.15 472 —78 475 —6.9

(125.5 1912 +72 —78 475 —6.9)
125.6 19.09  +72 -78  +7.5 —6.9
125.7 19.06  +7.2 —7.8  +7.5 —6.9
125.8 19.03  +7.2 —-78  +75 —6.9
125.9 19.00 472 -78  +7.5 —6.9
126.0 1897 472 —-78  +75 —6.9
126.1 1894 472 —78  +7.5 —6.9
126.2 1891 472 —78  +75 —6.9
126.3 18.88  +7.2 —78  +75 —6.9
126.4 18.85 472 —7.8  +7.5 —6.9
126.5 18.82 472 —78 475 —6.9

HXSWG vol.3

NNLO = Ggr(8TeV) = 19.1+ 2.0 pb

21
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Inclusive (QCD) Cross Section

Ball et al., 1303.3590 Forte, Isgro, Vita, 1312.6688

E 1 : === Pixed PDF LO
o — S,
O E | | =@ ri.cd PDF NNLO
LO NLO NNLO ~N3LO

® Higher-order effects are larger than x2 scale variation estimates
® OgeF =~ OLO []- + KJ{)\O&S + ()\&8)2 + ()\CVS)S + .- }]
AR 5.6

Bryan Webber 22
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Inclusive (QCD) Cross Section

Ball et al., 1303.3590 Forte, Isgro, Vita, 1312.6688

E 1 : === Pixed PDF LO
o — S,
O E | | =@ ri.cd PDF NNLO
LO NLO NNLO ~N3LO

® Higher-order effects are larger than x2 scale variation estimates

® our ~ oo |1+ k{Aas+ (Aag)’ + (Nag)’ +-+- } moLo |1 — Kk +
A= H.6
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Inclusive (QCD) Cross Section

Ball et al., 1303.3590 Forte, Isgro, Vita, 1312.6688

23.6 pb

E 1 : === Pixed PDF LO
o — S,
0 E | | =@ ri.cd PDF NNLO
LO NLO NNLO ~N3LO

® Higher-order effects are larger than x2 scale variation estimates
K
® Uy X OLO [1 + k{das + (Aag)? + (Aag)® + - - }] %EILO [1 — K+ ] J

1—)\048
AR D.6
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Bryan Webber

Inclusive (QCD) Cross Section

E 1 : === Pixed PDF LO
o — S,
0 E | | =@ ri.cd PDF NNLO
LO NLO NNLO ~N3LO

NNLO = G (8 TeV) = 9.1+ 2.0 pb

Series extrapolation: 23.6 £ ?? pb

David & Passarino, 1307.1843: 22.5 £ 2.6 pb

Full N3LO coming soon (Anastasiou et al.)

25
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Inclusive (QCD) Cross Section

® ATLAS, but not CMS, find ggF excess in yy and ZZ" channels

Sh _l | L | L | L L | L | L | 1T 171 | L ]
= 10 ', sadadmoser |  ATLAS Preliminary |
= E — x Best fit . 1 m
N3 o[ —esscL PN Vs=7TeV [Ldt=46-48f" -
N | : | _ —
SE 8 ..esucl : . Vs=8TeV |Ldt=2031"
j. I E ‘\‘ ]
- : —Hoyy ]
6_ ' N —H->ZZ* > 4 |
N ". — HoWW* Sl o
— : . H— 1t -
4 I 'I A N “ ]
| R o ~~~ | _
21— AN AR e -
O__ ‘ SN ]
~ my=125.5GeV . ' i
_2 L1 | L1 1 1 | L1 1 1 | L1 1 1 L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | |
-2 -1 0 1 2 3 4 ) 6
LTTZZ W
ggF+ttH

ATLAS-CONF-2014-009 (Moriond EW)

Bryan Webber 26

MVBF,VH

CMS Preliminary {s=7TeV,L<5.1f0" {s=8TeV,L<19.6fb"

6 T T T T | T T T T J L1 T 1T T T T T 7
4_
o _
O ]
] | | | | | | | | | | | | | | | | | | |
-1 0 1 2 3
MggH,'[tH

CMS PAS HIG-13-005

Burg Liebenzell, Sept 2014



Cross Sections at |3 TeV

HXSWG 05/04/2014

Vs = 13.0 TeV

gluon-gluon Fusion Process

» All cross sections are in complex-pole-scheme from the dFG program. They are computed at NNLL QCD and NLO EW.

my (GeV) Cross Section (pb) +QCD Scale % -QCD Scale % +(PDF+ag) % -(PDF+ag) %

125.0 43.92 +7.4 -7.9 +7.1 -6.0
125.5 43.62 +7.4 -7.9 +7.1 -6.0
126.0 43.31 +7.4 -7.9 +7.1 -6.0

VBF Process
« At NNLO QCD and NLO EW. All cross sections are in complex-pole-scheme.

my (GeV) Cross Section (pb) +QCD Scale % -QCD Scale % +(PDF+ag) % -(PDF+ag) %

125.0 3.748 +0.7 -0.7 +3.2 -3.2
125.5 3.727 +1.0 -0.7 +3.4 -3.4
126.0 3.703 +1.3 -0.6 +3.1 -3.1

Bryan Webber 27
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Cross Section vs Energy

http://theory.fi.infn.it/grazzini/hcalculators.html

100

I | I I I I | I I I I
LO NLO NNLO NTLO?

|

70

20

| T III|IIII|IIII|IIII|IIII|IIII

I\
A
A
\\
\\

|

oy (pb)

10

= MSTW2008 PDFs
TEC my=126 GeV

| I | | | |

8 10 12 14
Vs (TeV)

NNLO =3 Ogr(13 TeV) =43.3 £ 4.3 pb
Series extrapolation: Ogr(13TeV) =559 £ 22 pb
My best guess: Ogr(13TeV) =53 + 8 pb
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http://theory.fi.infn.it/grazzini/hcalculators.html

Higgs Differential

Cross Sections
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Higgs qr & ET

* Higgs transverse momentum

P dr = — Z PTi

Bozzi et al. 0705.3887
Mantry & Petriello, 0911.4135
Catani & Grazzini, 1011.3918
de Florian et al. 1109.2109

e Radiated transverse energy

L = Z P

Papaefstathiou, Smillie, BW, 1002.4375
+Grazzini, 1403.3394
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Higgs gt (fixed order)

do/dX (pb/GeV)

5.000

1.000

0.500

0.100

0.050

0.010

0.005

Large logs of my%/qr? need resummation

31

[ 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 ) |
- E,_ =8 TeV -
f qr NLO _
E 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 i ] 1 1 :
0 25 50 75 100 125
X=qq (GeV)
(N)LO — (=)0
qT —0
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Higgs qr & Et (fixed order)

do/dX (pb/GeV)

5.000

1.000 [

0.500 [

0.100 {

0.050 [

0.010 ¢

0.005 1
0

E.,=8 TeV

E; NLO
qr NLO

25 50 75 100
X=qr or E; (GeV)

(N)LO Ejo(—)oo

Large logs of my%/ET? need resummation

32
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Resummation of Higgs qr

do = /d$1d$2 fa(x1, ) fo(x2, 1) dGap(T1225, 15 - - )

1 d26 A B
%99 . 52(q >+as/d2pT[ gln%+—9] 5(qr +pr) + ...
Ogg qu PT PT PT
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Resummation of Higgs qr

do = /d$1d$2 fa(x1, ) fo(x2, 1) dGap(T1225, 15 - - )

1 d26 A B
799 . §%(q )+Ozs/d2pT[ gln%Jr—g] 5*(qr +pr) + - -
Oég‘iqT PT PT PT

d’b . A 2 B,7,,
N / g ezb-qT {1 1 Qs /d2pT [ g In —4& mH 4+ ] (ezb-PT . 1) + . }
(2) P+ Pr Pt
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Resummation of Higgs qr

do = /d$1d$2 fa(x1, ) fo(x2, 1) dGap(T1225, 15 - - )

L &%y o

~ )
0gg dQ7

A m2 B
(QT)+OéS/d2PT [—Zgln—f—l——g] 52(qT—|—pT)—|—...
Pt Pt Pl

d*b ib-qT 2 A m%{ B ib-pT
N/(27T)2€ 9 {1‘|‘O&S/d PT [p—?j‘lng p_,é]i] (e P —1)_|_}

de b { 9 A m%{ B b
~ e'” 9T exp aS/dp [—gln—+—g e'PPT 1]
/ (27)2 " lp2 p% ' p? ( )
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Resummation & matching of Higgs qr

do = /dfld@ fa(x1, 1) fo(x2, 1) dGap(T1225, 15 - - )

1 d26 A B
799 . §%(q )+Ozs/d2pT[ gln%Jr—g] 5*(qr +pr) + - -
Ogg qu PT PT PT

d*b ib-qT 2 A m%{ B ib-pT
N/(Zﬂ_)2e 9 {1—|—Oés/d PT [p—ilng p_,é]i] (e P —1)_|_}

dQT _dQT resum qu resum,NLO —qu 4 NLO
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Higgs transverse momentum: 8 TeV

do/dq; (pb/GeV)

Bryan Webber

NNLL+NLO

E,,=8 TeV

Resummed+matched

Resummed only

® Peak at ~10 GeV: log(mn?/qT?)~5.1

do/dqr (pb/GeV)

1.000

0.500

0.200

0.100

0.050

0.020

0.010

0.005
0

NNLL+NLO

E,,=8 TeV

Resummed+matched

Resummed only

® Resummation affects spectrum out to larger gr
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Higgs transverse momentum: |4 TeV

NNLL+NLO NNLL+NLO
i T /rl\\l T T T T T | T T T T | T T T T | T T T T T T T T ] 2.00 T T T T T T T T | T T T T | T T T T | T T T T T T T T
1 00 E;m=14 TeV ] 1.00 E,n=14 TeV =
Resummed+matched . 0.50 Resummed+matched _:
= Resummed only 4 = ' Resummed only .
Y o5 — v
@, ] @,
. ] N
Q Q 0.20
S 1 &
& 0 ] & o010
e . e
N 138
7 0.05
o 0.25 — o
__________________ : 0.02
0.00 ——
. | | | | | | | | | | | | | | | | | | | | | | | | | | | | | j 0.0l
0 25 50 75 100 125 150 0 25 50 75 100 125 150
qr (GeV) qr (GeV)

® Peak at ~10 GeV: log(mn?/qT?)~5.1

® Resummation affects spectrum out to larger gr
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Resummation of Higgs qr

do = /d$1d$2 fa(x1, ) fo(x2, 1) dGap(T1225, 15 - - )

L &%y o

~ )
0gg dQ7

A m2 B
(QT)+OéS/d2PT [—Zgln—f—l——g] 52(qT—|—pT)—|—...
Pt Pt Pl

d*b ib-qT 2 A m%{ B ib-pT
N/(27T)2€ 9 {1‘|‘O&S/d PT [p—?j‘lng p_,é]i] (e P —1)_|_}

de b { 9 A m%{ B b
~ e'” 9T exp aS/dp [—gln—+—g e'PPT 1]
/ (27)2 " lp2 p% ' p? ( )
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Resummation of Higgs Et

do = /dxld@ fa(x1, ) fo(x2, 1) dGap(T1225, 15 - - )

1 d26 A B
799 5%(q )+Ozs/d2pT[ gln%Jr—g] 5*(qr +pr) + - -
Ogg qu PT PT PT

d’b { 0 A m%{ B -
~ S 1+as/dp [ gln —g] e PT — 1)+ ...
/ (2m) : P+ PT Pt ( )

d2b b { 9 A m%{ B b
~ e’” 9T exp aS/d p [ I ln 2L + J| (e'PPT — 1
/ (27)? Tl e )

A m2 B
PT PT Pt

dr . A ° B, .
~ [ SleimEr exp {Ozs /d2PT [ J In % + —] (e‘”'pTI — 1)}
2m pT PT PT

1 déy,
Gy d B
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Resummation of Higgs Et

1 dé T dr . A 2 B .
L [T e {as [dpy [Spm e+ Do) (eimeet 1)
Ogg d Er _ 2T Pt PT PT

©.@)

® Defined for Ers0

Bryan Webber 41 Burg Liebenzell, Sept 2014



Resummation of Higgs Et

1 dé T dr . A 2 B .
L [T e {as [dpy [Spm e+ Do) (eimeet 1)
Ogg d Er _ 2T Pt PT PT

©.@)

® Defined for Ers0

® For ET <0, can close T-contour in lower half-plane
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Resummation of Higgs Et

1 dé T dr . A 2 B .
L [T e {as [dpy [Spm e+ Do) (eimeet 1)
Ogg d Er _ 2T Pt PT PT

©.@)

® Defined for ETs0
® For ET <0, can close T-contour in lower half-plane

® No singularities in lower half-plane
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Resummation of Higgs Et

1 dé T dr . A 2 B .
L [T e {as [dpy [Spm e+ Do) (eimeet 1)
Tgg d Er oo 2 P P pPT

® Defined for Ers0

® For ET <0, can close T-contour in lower half-plane

® No singularities in lower half-plane
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Resummation & matching of Higgs Et

d +oo
[dQ2UCIZ{ETLeS Z/ d:l?1/ dCEQ/ o iTET fa/m (21, 1) fb/hQ(CBQ w) W (g;leS Q, T, 1)

1 1
Wap(s;:Q,, 1) :./0 dz'1/0 dzy Cya(as(p), 2157, 1) Cyplas(p), zo; 7, 1) 8(Q — 21225) 0 (Q, as(Q)) Sg(Q,7)

Se(Q,7) =exp{—2/0Qé [2A (as(q)) 111% ‘|‘Bg(048(Q>)] (1 —eiqT)}

ag\ " n
Ag(as) = Z (— Al 7
n=1
@) o n
By(as) = Y () By
n=1

Cyals, 2) = 0ga8(1— 2) + Z (%) ¢

dO‘H - [dOH] B [dO‘H} . {dJH]
dET dET resum dET resum,NLO d b NLO
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do/dE; (pb/GeV)

Bryan Webber

Transverse energy distribution
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Peak at ~35 GeV:

log(mn?/ET?)~2.6

Resummation affects spectrum out to much larger Er

Unlike g, the Underlying Event also contributes...
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Summary

* QCD factorization allows precise predictions for LHC

> Scale dependence is a (rough) guide to precision

* Higgs ggF cross section at |13 TeV is still very uncertain
> My estimate: Ogr(13TeV) =53 £ || pb
® Higgs transverse momentum resummed to NNLL+NLO

> Peak gt ~10 GeV, independent of energy

* Radiated transverse energy resummed to (N)NLL+NLO

> Peak Et ~35 GeV in associated transverse energy

= Contribution from Underlying Event to be considered ...

Bryan Webber 47 Burg Liebenzell, Sept 2014



