The CASCADE Monte Carlo generator
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® the problem at HERA and Tevatron
[1 k,-factorisation - CCFM

® the model for pp
[ applied to heavy quark production
[1 applied to minimum bias
[1 applied to Higgs at LHC

® conclusion
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Where is the problem ? Hadronic Final State !
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Where is the problem ? Hadronic Final State !
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Where Is the problem ? Hadronic Final
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have not been calculated explicitely
Interesting close to proton region
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forward jets !l!




Where is the problem ? Hadronic Final State !

H1 Forward Jet Data
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processes of O > a2 have not been calculated explicitely
Interesting close to proton region
forward jets !!!




Basic idea - k; factorisation

CCFM

ﬁ// CCFM (one loop)

E off mass shell

J
yasd

evolution of parton cascade
with DGLAP splitting fct.

P:C_Y'S(liz—l_%)

\ initial distribution:

o(ep — €'qq) = [ LA QLL [ Pki6 (5, ke, Q)zgA(zg, ki, 7)
with [ & kixgA(zg, b, q) =~ 1,G(xg, Q)

® angular ordering
- BGF matrix element

—_JS(CCFM) Q=10GeV

- LHC workshop, MC tools WG, CERN, March 2004 - p.4



Basic idea - k; factorisation

CCFHM CCFM (all loops)

® angular ordering

(instead of ¢; ordering)
BGF matrix element |  A,,. (non - Sudakov)
off mass shell

—_JS(CCFM) Q=10GeV

evolution of parton cascade
with CCFM splittina fct.

P=a, <1iz +1A,°

__JS(CCFM) Q=1GeV

- initial distribution: flat
-

o(ep — €'qq) = [ LA QL [ Pki6(5, ke, Q)zgA(2g, ki, )
with [ d*kizgA(zg, ke, q) =~ £4G(zg, Q)

- LHC workshop, MC tools WG, CERN, March 2004 - p.4
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Advantage of CCFM: parton emissions

-1

[uEY
o

[1/GeV]

DGLAP or BFKL 110
only inclusive predictions | | |

1/N dN{dk

no info on emitted partons

CCFM treats explicitely:
partons emitted during cascade C [GeV]
color coherence

energy momentum conser

eV]
I

t

best to iImplement in generator

1/N dN/dq

compare evolution and MC

unintegrated parton densities 10
CASCADE MC generator o U

q, [GeV]

r

evolution - MC parton shower comparison
never shown for DGLAP type MC’s!!!




The Monte Carlo Generator CASCADE

[I Implement CCFM backward evolution into NEw MC generator

CA S CA D E (http://lwww-h1.desy.de/~jung/cascade)

[1 hard scattering processes included:

0 vg* = q3,7v*g* = QQ, vg* — J/vg

0 vy = QQ

0 g*g* — qd, g*9* — QQ, g*g* — h

[I initial state parton cascade acc. to CCFM with angular ordering

[I final state parton showers from quarks
1 P-remnant treatment like in PyTHIA (g-di-g, primordial k;)
[0 hadronization via JETSET/PYTHIA

[1 1st attempts to multiple scatterings

CASCADE Is MC implementation of CCFM
for ep, ee, v and also for pp




Precision fits to F,(x, Q?)

With o = [ dkidz,A(z,, k3, q)o(v*g* — qq) fit Fa(z, Q?)

$» more precise data:

H1 nes 470 (1996) 3., EPJ 21 (2001) 331. LLN 161 e HI Q=5 GeV?
ZEUS ZPC 72 (1996) 399., EPJ 21 (2001) 443. 141 . J2003 ==t 1
® fit Q2 > 4.5 GeV2, z < 0.005 Y oo |
®» small k; - region ? 1r *
® full splitting function ? 8;2 *
04 - . H1 coll, EPJ 21 (2001) 331 —+=
Fits to Fy(z, Q%) 161 =65 |
set kgt X /ndf 14—+ :
(GeV) ndf =248 1.2 - .
kS¥t = Qo 1.33 1.29 1 i
full splitting  1.18 1.18 82 S -
JS2001 0.25 4.8 0al | s eon e coony

0% 10° 10% 10710" 10° 10% 10°

HERA - LHC workshop, MC tools WG, CERN, March 2004 —p.7



Un-integrated gluon density

® use H1 + ZEUS F; data (from a=10Gev
94 and 96'97) 10 J2003 set Ji
i Y .. J2003 set P
® fitforz <0.01Q%>35Gev? [ L P 0
. . . 10 K. QN R I
#® fit normalization 7, R
ininitial pdf z.4p = N(1 —2)* <0
_ _ 10 k?=0 GeV*
® fit collinear cut Qg .
and starting scale . .
10 et . —— T
10%10°10%  10*10°10%10'10%10°%10%10°* 1
» treatment of soft region X X X
no k; ordering O — J2003 set 1
0 diffusion into soft AL oo |
® full splitting function 1o
(including non-sing. terms) :5 102
10°
-4 x=0.
all-loop splitting fct (CCFM) 10 p 0
(including non-Sudakov) 10 _ : A
- 10 E—— - et
one-loop splitting fct (DGLAP) 10" 1 10 100101 1 10 10° 10 1 10 10° 10
steeper rise towards small z k2 GeV?) k2 GeV?) ki GeV)

HERA - LHC workshop, MC tools WG, CERN, March 2004 —p.8



CASCADE with CCFM: the solution ...

Solve CCFM equation

< 250 o —
to fit £, data from HERA %%—Netﬁﬁtgrg.'sggf Y
175 | —. CCFM new
e obtain CCFM un-integrate o + v DELAP
CASCADE MC implements CCFM: o ,

) _ 50 : I o |
e predict fwd jet x-section at HERA [ = e PR
e predict charm at HERA [ 0.001 0.002 0.003 0.004

X

e predict bottom at HERA [

o | ppobX, vs=1.8TeV, <1 ]

i j : g DFData

e test universality of un-integrated (ot oo

gluon density from HERA A R — oascase ]
FBmuors %

e predict bottom at Tevatron [ "] onasgets |

. 0l slnclusive M ;

e w/o additional free parameters RIS\

S Tf‘weoreticol U‘ncertoi‘nty‘ ‘ 3

WOW !

HERA - LHC workshop, MC tools WG, CERN, March 2004 —p.9



The model for heavy quarks in pp

apply model to

charm and bottom production
at Tevatron ||

HERA - LHC workshop, MC tools WG, CERN, March 2004 — p.10



The model for heavy quarks in pp
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charm and bottom production
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NLO, NNLO and k; - factorization in pp

NNLO
k=0

t \E O(a?)

4

kt: 0

kt — factorization

(all orders)

k; factorization

[0 NLO corrections
[ even in NLO
Oincludes NNLO
includes NNNLO
O includes NNNNLO

k. factorization has
no problem with:

[I negative weights....
0 matching to PS

[0 matching to

hadronsiation

HERA - LHC workshop, MC tools WG, CERN, March 2004 — p.11



1st step:

bb production at Tevatron

Test universality of
unintegrated gluon density
from HERA

use unintegrated gluon as
before (from F; fit at HERA)

use off-shell_matrix element
for g*g* — bb

with my = 4.75 GeV.

NOTE NLO off by factor 2

10

 0p—bX, vs=1.8TeV, <1
D@ Data

(Errors have correlations)]

: — CASCADE 1
- mDimuons

aMuons+Jets
(This Analysis)

- e|nclusive Muons
- NLOQCD, MRSR2

Theoretical Uncertainty
|

30 40 50 60 70

pr" (GeV/c)

6 7 8910 20

| cascape W/o additional free parameters |

HERA - LHC workshop, MC tools WG, CERN, March 2004 — p.12



Pu(N,) = 1N dN/d N,

Why does k;-factorization help

for bb production at Tevatron

m— CASCADE 2 2 . . .
THA K= estimate higher order corrections

cra HEEpEem’ . b(b)
Nr of gluons with p; > p,
LO: O(ai) - N, =0
NLO: O(al) - N, =1
NNLO: O(a}) - N, =2

CASCADE — O(af)

o 1 2 3 4 5 6
N, (P> p?)

cascaDe With k; factorization for estimation of

higher order corrections

HERA - LHC workshop, MC tools WG, CERN, March 2004 — p.13



The model for min.bias and jets in pp

2nd step:
e apply model to min. bias Yarals
e use light quark masses m, = 0.25 GeV

-

[1 as used for fit to F3
[0 off-shell ME O finite
[J no p; cut needed!!!
g*g* — qgq anywhere in chain ...

-

HERA - LHC workshop, MC tools WG, CERN, March 2004 - p.14



The model for min.bias and jets in pp

2nd step:
e apply model to min. bias Yarals
e use light quark masses m, = 0.25 GeV

[1 as used for fit to F3
[0 off-shell ME O finite
[J no p; cut needed!!!
g*g* — qgq anywhere in chain ...

5075 |
e parton x-sect ~ O(oot) o
. - e CCFM set3
[l different sets of unintegrated gluon o G PP_bar)
give similar x-sect. e
e no k; cut, no p; cut ol e
[0 non-k,; ordered emissions 100 | /
75 |
S EEE——
10° 10
sqrt(s)

HERA - LHC workshop, MC tools WG, CERN, March 2004 — p.14



The model for min.bias and jets in pp

2nd step:
e apply model to min. bias Yarals

e use light quark masses m, = 0.25 GeV

[1 as used for fit to F>

[0 off-shell ME O finite
[0 no p; cut needed!!!
g*g* — gq anywhere in chain ...

[ is g*g* — qgq enough Yarals

[1 is gluon ladder enough Yarals

[J multiple interactions Yarals

[1 how large is parton x-sect Yarals

-

e What about ¢g*g* — gg ?

(G. Obrant working on that)

[1 partially already in cascade
[0 but no timelike shower

In cascade

e k; effects included [

HERA - LHC workshop, MC tools WG, CERN, March 2004 - p.14



Minijets at /s = 1800 GeV:

¢ and transverse jets

Minijets
parton level
p; > 5 GeV
n| <3

A¢p =
¢Ieading T ¢jets

transverse:
60° < Ag < 120°

Vs=1800 GeV

PYTHIA-mult.scatt
PYTHIA

CASCADE

(I finite k;-effects visible in A¢

<Njer> (transverse)

Vs=1800 GeV
1 |
-1
10 |
-2
10
0 20 40
ptm ax

[ k; factorisation approach predicts difference to DGLAP:
[1 CASCADE predicts ¢ de-correlation without multiple scattering !!!

HERA - LHC workshop, MC tools WG, CERN, March 2004 — p.15



Higgs production at LHC

$ search for Higgs ...

® Dbasic process:
LO O(a?) gg — Higgs

HERA - LHC workshop, MC tools WG, CERN, March 2004 — p.16



Higgs production at LHC

$ search for Higgs ...

® Dbasic process:
LO O(a?) gg — Higgs

® NLO O(a?)

HERA - LHC workshop, MC tools WG, CERN, March 2004 — p.16



Higgs production at LHC

search for Higgs ...

basic process:
LO O(a?) gg — Higgs

NLO O(a?)
NNLO O(a?) not yet calculated

HERA - LHC workshop, MC tools WG, CERN, March 2004 — p.16
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Higgs production at LHC

search for Higgs ...

basic process:
LO O(a?) gg — Higgs

NLO O(a?)
NNLO O(a?) not yet calculated
NNNLO O(«?) not yet calculated

available only: NLO + NNLL resummation....

Bozzi et al (PLB 564 (2003) 65, hep-ph/0302104)

HERA - LHC workshop, MC tools WG, CERN, March 2004 — p.16
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Higgs production at LHC

search for Higgs ...

basic process:
LO O(a?) gg — Higgs

NLO O(a?)
NNLO O(a?) not yet calculated
NNNLO O(«?) not yet calculated

available only: NLO + NNLL resummation....

Bozzi et al (PLB 564 (2003) 65, hep-ph/0302104)
calculate gg — Higgs in k; factorisation
small x approximation and for for m; — oo

F. Hautmann, PLB 535 (2002) 159

obtain NNLO correction to gluon-gluon
X-section for r < 1

estimate higher order corrections ...
get resummation to all orders

HERA - LHC workshop, MC tools WG, CERN, March 2004 — p.16



Higgs production at LHC -

® [,-factorization: Egluon ~ k¢

» L S10 &
< = LHC
S - e S : 12003 - set 1
5’ - S 20 W - J2003 - set 2
s 20 ¢ ® two sets of
S 10 & af unintegrated
= - 10 gluon distr.
LI F #® Dboth work at
10 = 10 3 HERA
- . - ® different k,’s
I N N 10 -
-5 -4 -3 -2 -1 0 50 100 150
IoglO(xg) K, g (GeV)
> Egluon ~1072...1073 - 7000 GeV compared to mean k; ~ O(15 GeV)

® [; cannot be neglected .... as usually done in DGLAP...

HERA - LHC workshop, MC tools WG, CERN, March 2004 — p.17



Higgs production at LHC

12
>
® use new matrix element (off-shell g I
F. Hautmann, PLB 535 (2002) 159 ( ) S 1 [ . —— J2003 —set 1
: g I J2003 - set 2
9 cal_culate gr spectrum with CCFM Fos L: L NLO+NALL
unintegrated gluon: S S
two sets, both determined from HERA -
$ sensitive to trans. mom. of gluons
0.4
0.2
O | “I1Il||

0 20 40 60 80 100 120 140

pt Higgs (GeV)

® new approach to calculate Higgs prod. at LHC
® important for x-section estimate

® different result than NLO ...
® Dbetter constrain unintegrated gluon ...

RA - LHC workshop, MC tools WG, CERN, March 2004 — p.18



Higgs production at LHC

12
>
® use new matrix element (off-shell 5
F. Hautmann, PLB 535 (2002) 159 ( ) S 1 o —— J2003 —set1
: s I R J2003 - set 2
# calculate g7 spectrum with CCFM Zos L % . NLOWNNLL
unintegrated gluon: S i
two sets, both determined from HERA 06
$ sensitive to trans. mom. of gluons
. e 0.4
$® up to now only gluon initiated
cascades 0o
® BUT, what about quark initiated cas- ”
cades? 0
0 20 40 60 80 100 120 140
ptHiggs (GeV)

® new approach to calculate Higgs prod. at LHC
® important for x-section estimate

® different result than NLO ...
® Dbetter constrain unintegrated gluon ...

RA - LHC workshop, MC tools WG, CERN, March 2004 — p.18



Higgs production at LHC

® gluon density at g = Mhiggs

$ on gluon chains included

g= 125 GeV
k=25 GeV? k?=100 GeV?
(b) (c)

10 — J2003 set

J2003 set 2\ &

® (gluon densities different at large scales ....
#® include also quark chains ???

HERA - Lk

» what about ?

=
—
.
o

AR R AR \ARAR]
=~
~—+
.
o

N
A

A Y

.

ARAR | AAAED
3 ~
~t
.
o

$» unintegrated
guarks ?

1C workshop, MC tools WG, CERN, March 2004 — p.19



Conclusions

k.-factorisation applied to pp

no p; cuts needed

off shell ME’s and light quark masses from HERA F; fits
only gluon chains included ... already successful

what about g*g* — gg, worry about quarks ?7?7??
approach works well for heavy quarks at Tevatron

CCFM and CASCADE describe most data at HERA,
whereas DGLAP based models don't...

Higgs at LHC ... promising, but also x-sects, shapes ???
attempt to include multiple scatterings L promising

e e llel 0 e

o o

CASCADE (k; - factorisation with CCFM gluon)

for min bias, heavy quarks ... and Higgs ... I I '

HERA - LHC workshop, MC tools WG, CERN, March 2004 — p.20



CataniCiafaloni Fiorani Marchesini (1988 = 1990)

®» including color coherence effects in multi-gluon emissions
$» angular ordering of emission angles:

® ordering in g (DGLAP) implies also angular ordering
® unification of DGLAP and BFKL

O WOW

for small z no restriction in ¢: 1 random walk In ¢

HERA - LHC workshop, MC tools WG, CERN, March 2004 — p.21



CataniCiafaloni Fiorani Marchesini (1988 = 1990)

®» including color coherence effects in multi-gluon emissions
$» angular ordering of emission angles:

® ordering in g (DGLAP) implies also angular ordering
® unification of DGLAP and BFKL

O WOW

for small z no restriction in ¢: 1 random walk In ¢
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CataniCiafaloni Fiorani Marchesini (1988 = 1990)

®» including color coherence effects in multi-gluon emissions
$» angular ordering of emission angles:

INn lab. frame

;41 > O;

with ¢ ="

® ordering in g (DGLAP) implies also angular ordering
® unification of DGLAP and BFKL

O WOW

for small z no restriction in ¢: 1 random walk In ¢

HERA - LHC workshop, MC tools WG, CERN, March 2004 — p.21



Non-Sudakov and all - loop resummation

Splitting Fct: P = dalgd=z)) | @Ans(z,q, k)

1—z

Non - Sudakov form factor [ all loop resummation:
Ans = exp [ s (k?) 1 dz f de’ g Ok — q)O(q — z’qt)]

v =1+ (k) [ 1)+ 5 (-t £1%)'

HERA - LHC workshop, MC tools WG, CERN, March 2004 — p.22
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