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Higgs Productiotor Boson Fusion @

Q2

Distinct topology of final state (two forward jets with little

HO extra hadronic activity and the decay products of the Higgs).
WIZ 3o Scmimnr
Background expected small.

Tagging jets
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Ratio of cross section of VBF Higgs to different decay Decay products

channels can be used to determine Higgs Couplings.
Some uncertainties will cancel out.

GOAL OF THIS STUDY:
Estimate the contamination of gg— H production with
initial and final state radiation with the same topology as ? %‘

VectorBosonFusion Higgs events (qqH).

gg—H background to qqH: ALPGEN and PYTHIA studies, M6nica L. Vazquez Acosta (CERN)

Les Houches 2007, 22/06, 2007 - 2



5 Distinguish between VBE and Gluon Fusion? @N
gg—H (gluon fusion) qqH (Vector Boson Fusion)
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L.LO MonteCarlo programs used @N

"PYTHIA 6.409:
estimate qqH (VectorBosonFusion) cross section
Old parton-showers used

Hadron Level Study
ALPGEN v2.06 (May 19 2006):

estimate H+jets ggH contribution

e Fixed order Matrix Element calculation
e H+jets with gg—H process only

e Pythia used for parton-shower simulation

Higgs parameters:
e my =120 GeV
e H—>Z77—4v: decay forced to avoid jets from Higgs decays

Branching fraction not taken into account in final cross sections
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N/~ njet3_0.5( njetl S8 n jetZ)

Pythia Simulation of qqH @v
comparison of v6.227(PTDRII), 6.325, 6.409 |4

Pythia 6.325: set parameter MSTP(68)=1

“i: 25 ~ — Pythia 6.325 § 1 DE —— Pythia 6.409
T~ L — Pythia 6.409 e 9r- — Pythia 6.325 MSTP(68)=1
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Explanation of difference with old parton showers seen in Pythia 6.325 (T. Sjostrand)

Maximum evolution scale for showers was set to s-hat instead of order of m,,’
Much larger scale allows more third-jet production & spread over a larger rapidity range
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ALPGEN H+jets GENERATION @)

ALPGEN Parameters
® Prjet ~ 20 GeV, N [< 5.0, Ary; > 0.5
e Ickkw 1 (CKKW scale setting procedure needed for jet matching)
e CTEQSL, Q*=my? +p, .,

) ets

ALPGEN soft VBF preselection of two highest pt partons (j1,j2)
*M,;;,> 600 GeV

° An jetl,2 > 4
Events VBF preselection partonic o(pb)
H+1 jet 6392242 No 19.54
H + 2 jets 26825 Yes 0.693
H + 3 jets 5513 Yes 0.574
H + 4 jets 1326 Yes 0.355
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MILM Matching procedure

Few examples of matching: hard parton

Event matched, N}'e t:\?partzg,, keep

soft single-logarithmic

.. ‘\ NOT matched, double counting
‘\""\.‘\ N, zN :3’
_/-—-—"'"_. jet  part Tl
but N = Lol
match !
collinear double-logarithmic  THrow away h 1:'

double counting

Event matched, N. >N , keep for inclusive
jet” "part

sample, but throw away for exclusive samples.

_____ parton emitted by the shower

2

Match hard partons with hadron level jets after pythia parton-showering
Procedure avoids double-counting

MLM matching

parameters:

e Etclus: 20 GeV

¢ Rclus = 0.5

e Etaclmax = 5.0

e Iexc =1 (exclusive)
0 (inclusive)

gg—H background to qqH: ALPGEN and PYTHIA studies, Mdnica L. Vazquez Acosta (CERN)

Les Houches 2007, 22/06, 2007 - 7



Final VBF Hz!ron Level Cuts @

VBF phase space selection:

o E 12> 30 GeV

® T]jetl,Z < 4.5

* My;i> 1000 GeV Hadron Level Cuts

° Anjeﬂ,Z > 4.5 (Pythia particle level)

Central jet veto:

° ETjet,central> 30 GeV
® njet,min_|_0.5 < M jet,central<njet,max_0.5
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UE Parameters

N\

ISR Parameters

Parameter

MSTP(81)

MSTP(82)

PARP(82)

PARP(83)

PARP(84)

PARP(85)

PARP(86)

PARP(89)

PARP(90)

PARP(62)

PARP(64)

PARP(67)

MSTP(91)

7

PARP(91)

Intrinsic KT

PARP(93)
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ALPGEN v 2.06+ Pythia 6.409 &Y
%

MILM Match Efficiency
UE:TUNE DWT Tried Selected c (mb) MLM match | match efficiency
ALPGEN 329196 | 100000 5.936 - 10-%° exclusive 0.30
H+1 jets
ALPGEN 26825 2307 5.969 - 10-11 exclusive 0.09
H + 2 jets
ALPGEN . 10-11 :
o3 jets 5513 333 3.473 - 10 exclusive 0.06
ALPGEN o .
H +4 jets 1326 224 6.005-10 inclusive 0.17
UE:TUNE A Tried Selected G (mb) MLM match | match efficiency
ALPGEN 298517 | 100000 6.546 - 109 exclusive 0.33
H+1 jets
ALPGEN 26825 2418 6.257 - 10-11 exclusive 0.09
H + 2 jets
ALPGEN e .
o3 jets 5513 334 3.484 - 10 exclusive 0.06
ALPGEN o .
o4 jets 1326 283 7.593 - 10 inclusive 0.21
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gg—H & qqH CrossiSection Comparison 7o
after VBF cuts 7

Tune DWT Pythia 6.409

§1 s = 120 GeV | Alpgen 2.06, p'r' 520 GeV] & a EX™ > 30 GeV, |1*"2| < 4.5 g s = 120 GeV | Alpgen 2.06, p'r'  >20 GeV] & d E™ > 30 GeV, 12| < 4.5
g F g F
_I_: - Htjets :‘ID’ E E1 - H+jets E"D’ 3
- (] pythia 6.408 qqH 3 g1 (] pythia 6.400 qqH 3°F
3 1E G 1E
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107 10-':r
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M, (GeV) M; (GeV)

Pythia: 492.3 fb Pythia: 489.0 fb

Alpgen (H+jets): 31.3 fb Alpgen (Htjets): 35.6 fb

M ...I..
0 0.5

aisn(rﬂ'" n’“z} aien(rf'" n‘“z}

Contribution of go—H to qqH ~ 6% Contribution of gs—~H to qqH ~ 7%
o(PYTHIA qqH) = 49231b o(PYTHIA qqH) = 489.0 b
c(ALPGEN H+jets)= 31.31b o(ALPGEN H+jets)= 35.6 fb
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gg—H & qqH Cross Section Comparison @v
after VBF cuts 7
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ﬂm_ E‘.:m_— [ L—
s | |:| ALPGEN gg —» H+jets (x5) Sl
00 - After VBF Cuts Bk
- m,, = 120 GeV ol
'Eam:— ﬂuf—
- 100
= 80
: wb 1
- of
C 20
l.'l_"" I Y 1l L el :l|||||||||||||||||||||||ﬁ‘llll....L:::: TuneDWT
1 15 2 25 3 35 4 ﬁ&iﬁﬁﬁ.ﬁ??.ﬁﬂﬂ.ﬁiﬂ
M..p{TnV} m_l]p

After VBF Cuts
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Tagging Jet distributions
after VBE cuts
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so—H & qqH Cross Section Comparison
after VBE cuts & Central Jet Veto

)

Alpgen 2.06, p*'  >20 GeV|

Pythia 6.409

vk
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Contribution of gg—H to qqH ~ 4%
c(PYTHIA qqH) = 468.30 fb
6(ALPGEN H+jets) = 16.42 fb
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gg—H & qqH Cross Section Comparison @v
after VBF cuts 7

2 cooF g
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Central Jet Veto: Zeppenteld plot @N

E 4l Miggs = 120 GeV Alpgen 2.06, ply, >20 GeV] E 49l Misgs = 120 GeV Alpgen 2.06, p;  >20 GeV]
EN - . Hajets 5" - . jots
S 10— Pythia 6.409 e s 10 Pythia 6.409 e
af— 8-
Al Al
- ;
02 0 2 e L e
M ",

qqH has a clear peak stzructure compared to H+jets
coming from QCD radiation of gg—H
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Central Jet Veto: Zeppenteld plot @

p— B
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qqH has a clear peak structure compared to H+jets
coming from QCD radiation of gg—H
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ALPGEN: Result Stability Check @

VBF selection: Central jet veto:

o E ict12 > 30 GeV, njietl:2 < 4.5 o E jeteentral> 30 GeV

° Mj1j2 > 1000 GeV, Anjetl,z > 4.5 ° njet,min+0.5 < njet,central<njet,max_0.5
° njetl % njetZ < (

after VBF cut H+jets: o(fb) ggH/qqH

VBF Preselection in the ALPGEN generation:
H+1jet(exc)+H+2jet(exc)+H+3jet(exc)+H+4jet(inc) 31.3 0.06
H+1jet(exc)+H+2jet(exc)+H+3jet(inc) 39.8 0.08

after VBF cut &

VBF Preselection in the ALPGEN generation:
H+1jet(exc)+H+2jet(exc)+H+3jet(exc)+H+4jet(inc) 16.4 0.04
H+1jet(exc)+H+2jet(exc)+H+3jet(inc) 20.0 0.04
Inclusive ALPGEN generation:

H+1jet(exc)+H+2jet(exc)+H+3jet(inc) 24.6 0.05
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Contribution of H1jet

VBE cutsi= jet veto
Contribution of H+1jet: ~1%

;m‘ Em,.,,. =120 Gev |Alpgen 2.06, Py,.,>20 GeV] Ein‘ E % 5 30 GV, |7 <45
] - i ot
=10 3 H+1jet E ypf. VBF Cuts:
E £ [ Pythia 6.409 qqH 3 4 M, > 1000 Gev
e g 1T s
102 i 10° E_ A > 4.5
10° :r 10* :r _C::tr:al jet vata:
104 ;r 104 ;r > 30 GaV
10°F 10° T 05)
10°E 10 s (o +0.5)
107k 107
1u*t_m1mn1mnmmmmmmm 10-.(_ E] 2 3
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Swi
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- 10
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=
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H + 2 jets Pa
D.

vel calculation
nfeld @

o [INCLUSIVE cuts to define H + 2 jets ——————————

5 o(pp —'>H+IX) [pl;] '

| : . 10° s = 14 TeV 3

Ti = 20 GeV | <5 R = — 4+ L — = (.6 M, = 178 GeV ]

PT| LT i =V (jy —mp)” + () —dp) o L \ gt CrEQoM ]

» WEF cuts toenhance WBF over gluon fusion o ]

In addition to the previous ones, we impose """"" T ]

p 4 I-":' i -l . ‘\"-:‘~:~1‘_l'—’HW qq—oHqq T \

|i']_|'._ == i"||.||2| ::F -12 n_lll. B r"_l'!! i, ﬂ' |'ﬂ_|'J| ::F Elﬂﬂ'{:relli'r i 21 ]

ggqq—ﬂ-ltt'
- i 3 1l
WBEF cuts v | o w Az
125 = ' ' ' ' _ 0 200 400 600 800 1000
a I \\ ] M, [GeV]

= \ solid m,=175 GeV |1
o 100 - h'\\ dots m—+e ]

N dashes WBI 1 Pieter's numbers for my=120 GeV
| o(VBF) =~ 1.2 pb
c(ggH) ~ 0.4 pb

0.50

0.26

ol c(ggH) / o(VBF) ~ 0.3

my [GeV]
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Comparison to Hi+ 2 jets Parton-level calculation @N

VBF phase space selection (hadron level):
Tune DWT [ Ej¢t12> 20 GeV, nit!2 < 5

Pythia 6.409 ® Anieth2> 4.2, nieth * nie2 < (0, M, > 600 GeV

frpre [ B =] VBF presel. ALPGEN generation used:
§-1:§: DPyI'I'.-J'E 6.409 qgH 3 1':%: > : H+ lj et(eXC)+H+2j et(eXC)-I_

et g H+3jet(exc)+H+4jet(inc)

10": 10":

et ) Dieter's parton level numbers:

o(VBF) = 1.2 pb
o(ggH) =~ 0.4 pb

Py 12531 o(ggH) / o(VBF) = 0.3

:ﬁ Hadron level cross sections:

" c(Pythia qqH) = 1123.8 tb
-, o(Alpgen H+jets) = 106.7 fb

T TR 5(egH) o(VBF) & 0.09
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Comparison to Hi+ 2 jets Parton-level calculation @N

VBF phase space selection (hadron level):
o EJet12> 20 GeV, nietl? <5
Pythia 6.409 e Anict2> 4.2, yiet! * nie2 < 0, M, ., > 600 GeV

9103 ;,mﬂ.w,ﬂzn GeV |Alpgen 2.06, o'y, . >20 GeV] iEma, EX™ » 20 Gev, |12 < 5

g,,. - P VBF presel. ALPGEN generation used:
3 1r ia 6.400 ggH 1 o0 . . . .

ot ARG H-+1jet(exc)+H+2jet(exc)+H+3jet(inc)
1n"é— 10”;r

10‘%‘ 10‘;r .

wr o Dieter's parton level numbers:

4 3 o(VBF) = 1.2 pb

o(ggH) ~ 0.4 pb
o(ggH) / o(VBF) = 0.3

Pythia: 1123.8 fb

Alpgen (H+jets): 129.9 fb

Hadron level cross sections:
c(Pythia qqH) = 1123.8 tb

c(Alpgen H+jets) = 1299 1b
SR L T o(ggH)/ o(VBF) =~ (.12
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Comparison to Hi+ 2 jets Parton-level calculation @N

’ VBF phase space selection (hadron level):
e B 012> 20 GeV, niet2 <5

Pythia 6.409 © Anjeth2> 4.2 nietl * nie2 < (, M;., > 600 GeV

2 10° EMyugge = 120 GeV | Alpgen 2.06, p™'_>20 GeV] €,F B > 20 GeV, |17 < 5

i e ok . .

Tt — T I Inclusive ALPGEN generation used:
3 1E 1E . . ) i

wl i H+1jet(exc)+H+2jet(exc)+H+3jet(inc)
.

ok 3 Dieter's parton level numbers:

o(VBF) = 1.2 pb
o(ggH) =~ 0.4 pb
Pythia: 1123.8 fb G(ggH) / G(‘]B]:T) ~ 0-3

Alpgen (Htjets): 192.6 fb

Hadron level cross sections:

c(Pythia qqH) = 1123.8 tb
c(Alpgen H+jets) = 192.6 tb

ST o o(ggH)/ o(VBF) =~ 0.17
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Sumimary @N

¢ First look at H+jets in the latest ALPGEN version v2.06
which contains the gg—H contribution

e PYTHIA 6.409 qqH sample and ALPGEN v2.06 H+jets sample
are compared with final Vector Boson Fusion selection and
Central Jet Veto at Hadron Level

e Tune A and Tune DWT of the underlying event in PYTHIA
give similar results

e The contribution of gg—H +QCD-radiation events is estimated
to be ~4% of the qqH sample with final VBF selection and
Central Jet Veto
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