CASCADE vrs pp data at LHC

H. Jung (CERN, DESY & Antwerp)

® basic ideas of the CASCADE MC generator
@ first comparison with pp data

® min bias

® heavy flavor (open & hidden)

@ prospects for forward jets
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CASCADE basic idea

@ CASCADE elements are:
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CASCADE basic idea

> CASCADE elements are: N——
s Matrix Elements:
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CASCADE basic idea

@ CASCADE elements are: N

s Matrix Elements:

= on shell/off shell
s PDFs

= unintegrated PDFs
s Parton Shower

H. Jung, CASCADE vrs pp data at LHC, Recent QCD Advances at the LHC, 14.Feb 2011 /




CASCADE basic idea

@ CASCADE elements are: -

s Matrix Elements:

= on shell/off shell kt
s PDFs
< unintegrated PDFs kt

s Parton Shower
2 angular ordering (CCFM)
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CASCADE basic idea

@ CASCADE elements are:

s Matrix Elements:
= on shell/off shell

kt
s PDFs
< unintegrated PDFs kt
s Parton Shower
2 angular ordering (CCFM) &
@ Proton remnant and hadronization

handled by standard hadronization (
program, e.g. PYTHIA
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CASCADE basic idea

@ CASCADE elements are:

s Matrix Elements:
= on shell/off shell

kt
s PDFs
< unintegrated PDFs kt
s Parton Shower
2 angular ordering (CCFM) &
@ Proton remnant and hadronization

handled by standard hadronization (
program, e.g. PYTHIA

olpp =97+ X) = /

XxglA(x917 ktlv q_)CUQQA(ng, kt27 q_)
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Why off-shell matrix elements 2

* ok ) 60
® Example: ¢°g9° — QQ ;93 'm=5 GeV — k*=0.01 Ge\f:
: — kK2=10.0 GeV
@ ME is finite for k. —0 © ¢ 2
@ ME has tail to large k, 40 |
@ collinear factorization: 30
@ integration over k, 20
'u2 10 \
/ k1 6(k o, ...)
0
0
, , 10210 1 10 102 10° 10* 10° 10°
upto p° ~4m k %(GeV?)
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Which off-shell matrix elements 2

@ heavy quarks 7 = Q0
including excited states: .
NEW  ° 15 25,35 gg- — J/Y()g
1P, 2P 9g'g" — xc(xp)
@ Gauge boson & Higgs gg — h
99" — Z+QQ
99 — W+aq
NEW R
@ QCD processes - forward jets 77— qq
9" — q9
99" — 99
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Which uPDFs 2

=i take derivative of integrated PDF:
dg(z, k?) s [17° x
2 » 'V | = 1.2
Sz, k1) = d? |:27T/w P(z)g (Zwlﬁ) dz

=i+ KMR approach: I !
2 k2 2 = ex —/ s dlog k2 /Pz’ dz’
el = oo (- [ fawez S [ )
dg(, p*)
dp?

X

using integrated PDF, only last emission generates transverse
momentum via sudakov form factor. ...

=i appropriate for DGLAP with strong ordering....

=i« this is what is done in all standard parton shower MCs
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Which uPDFs ¢ CCFM approach

@ Color coherence requires angular ordering instead of p, ordering ...

qi > Z2i—14i—1 with @q; = Dt
1 — 23

2 recover DGLAP with q ordering

at medium and large x

=2 HERWIG uses:
qi > qi—1 Z, X

= at small x, no restriction on g

Pti can perform a random walk

= CataniCiafaloniFioraniMarchesini evolution forms a bridge between
DGLAP and BFKL evolution

= important for comparison with collinear NLO calculations ...
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uPDF fit to F.:
? X2:Z<Ui2 o __|_Ol.j2)znc07“>

@ fit parameters of starting distributic

rAo(z, o) = Nxz=Po - (1 — x)*
@ using F, data H1

(H1 Eur. Phys. J. €21 (2001) 33-61, DESY 00-181)

r < 0.05 Q? > 5 GeV?
@ parameters: M% — P? + mg,Q

mg = 250 MeV, m., = 1.5 GeV

@ Fit gonly stat+uncorr):
2 1118
— = 1.
ndf 61 5

B, = 0.028 = 0.003
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CCFM F,-fit
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unintegrated valence

® ynintegrated valence
quarks:

= use CTEQ61 as initial

condition

- evolve with “CCFM-
type” splitting function

= needed for:
large x — S
small x ;)3‘

E

o6 © 0 0
-0 6 6 8 B
EEEEEE

_C
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from: Deak et al, arXiv 1012.6037

q=1 GeV

—_down-valence
.. CTEQ down-valence
-... Up-valence

-.... CTEQ up-valence

g=4 GeV
—_ down-valence
.. CTEQ down-valence
... Up-valence

.. CTEQ up-valence

10 |

E|=E GeV
_ down-valence

.. CTEQ down-valence
. Up-valence

... CTEQ up-valence

g=10 GeV

— down-valence
.. CTEQ down-valence
.. Up-valence

.. CTEQ up-valence
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Comparison to pp data:
Minimum Bias



How well do we know soft parton radiation?

> soft parton radiation:

multiparton interaction single chain at small x
£ PYTHIA % CASCADE
i

® which of the two is correct or are they both describing the same ... 222
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Charged particle spectra in Minbias

9 9" —qq, 979 — 99, 9°q — qg

— 6

V)-l

ATLAS sqrt(s)=7000 GeV 2
- LHC sqrt(s)=7000 GeV

N=6, p,>500 MeV
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~ . {(Nev) ddp, (Ge

1 10 -2 -1 0 1 2
P, (GeV) Inl

® clear deficit of particle production in the soft region

® region where multiparton interactions play dominant role
» CASCADE larger than PYTHIA w/o MPI
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Comparison to pp data:
hard processes - heavy flavors
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Open Heavy Flavor production

M. Kraemer et al, to be published

g g" — QQ

Cascade

lyl <0.5

e CMS i
—— CCFM set A0 7
---CCFMsetB0 §

* KMR

|||,|,H Liiimm 51

”1n’

b-jet p_ [GeV]

=1 -
’ OBCMS preliminary, 60 nb \E_?Te\:;
. Iyl-l:DE()('le) B
7
107 s . 0.5slyl<1(x25) ]
10° & - 1slyl<15(x5) 7
10°E o ‘. L Ne Ny 0 15slyl<2 1

10k E
10°F E
107 E
10 \ ]

1F — MC@NLO g
10" - [ exp. uncertainty -
e "’-‘E Antl-kT n=o 5 PF 3

! L !
20 30 40 100 200
b-jet P, (GeV)

@ at small |y|xsection well described (similar to MC@NLO)
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Open Heavy Flavor production

* 3k
%
Krafapr et al, to be publ'gheég QQ

[ e CMS

— CCFM set AD
= = - CCFM set BO

Cascade

<

2

b-jet d’mﬁpTdy [pb/GeV]:
2
x
s
o)

* *

1.5<lyl<2

O 3 T
102

b-jet p_[GeV]

° atlarge 1.5 < |y]| <2.0 x-section well described

108 CMS preliminary, 60 nb1 \E =7TeV
107 .yl <05(x125)
of N o 0.5=<lyl <1 (x25)
10 . 1<lyl <1.5 (x5)
105 Mo Ny o 15slyl<2
10° NG
10
10 90N ? NG TN
1F — MC@NLO 'i’ ! ~‘
10-1 [ ]exp. uncertainty ? ‘ “\
102 Anti-k; R=0.5PF W
. L,
20 30 40 100 200
b-jet P, (GeV)

o effect of suppression in off-shell ME 2

® note: MC@NLO is too large at large pt ...
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Forward B - production (LHCb)
99 — QQ

—
= 50
545 ~
gm - LHCb
a5
30 —+ +
20 +~ 0
15 | —— CASCADE
s --- scale-up *
10 | - scale-down
[ - mb=4.5
s s + ........
b
A NPT I ENPPUNT TNPPINT TP DNV TNPIA T

® Forward B-hadron production described well

III

@ “small” uncertainties from uPDF and b-mass
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Inelastic J/ ¢ production

k k % %
99 = /Y9, 979
=107
> | S
%10 2[ T :hhpp-direct
go | hg-OmOm:
= i
=1k ) n(JA < 1.2
m : gl T sum
1t
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@ only CSM contributions included

@ cross section depends on wave
function

@ no free tunable parameters

@ possible contribution from color
octet processes expected to be
very small
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Inelastic Up5||on produchon

%‘ CMS Y15 %‘ CMS Y25 %‘ _ CMS Y3S
g 1 bts In(Y)l < 2.0 g 1k In(¥Y)l < 2.0 g 1k n(Y)l < 2.0
£ g ’ £ - =3 -

&" ﬂl‘: — sum &" — S5um

3 S |+ — vasdirect | 3 — Y3s-direct
510 &t 5t

0 I‘IEIIIIED IED 0 10 20 IIIED 30
p, (GeV) p, (GeV) p, (GeV)

@ Only color singlet model contributions included

o excited states calculated explicitly including proper wavefunctions

@ NO tunable parameters, except uPDF, scales in &
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Associated forward jet production

hard scattering

central jet ‘ I\ forward jet
\ | /
]

t proton
proton - oOo—
1 | ] T | i I ] T o
MNiab
®

* forward jet FE, > 10(30) GeV, 3 < |n| <5
® centraljet  E; > 10(30) GeV, |n| <2
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Hard processes:
forward jets
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Forward - central jets
9°9" —qd, 979 — 99, 9°¢ — qg

from: Deak et al, arXiv 1012.6037

9
< 10 [ LHC sqrt(s)=7000 GeV — CASCADE
Q [ et E>10Gev PYTHIA-Perugia-hard
large x —— e g 408 | forwerdiets - PYTHIA-noMPI
small x — 9)3‘ = ; :.A...:
g 107} _l_
~ 5 555 E E S
ceeeEs 10 6 E .
10 S
® pt spectra are similar in 10} =
CASCADE and MPI models 103:_ L
@ consistent with what is : . LI .
observed in data 0 50 100 150 200
E; (GeV)
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Azimuthal correlations in fwd-cent jets

99" —qq, 979 — 99, 9°q — qg

= An=2
1 CASCADE
large x — E ----- mnﬁ:mﬁl =-hard
small x — % E 3))\ 10 1
2 b e
o o o 0 0 1“ T
6 6 0 O 1“ -3
O 0
3.
® significant differences ©
10
between CASCADE and
-2
MPI models 10
LHC =qri{s)=7000
3 jet E.~10 GeV
10 ; central and fwd jets,
0 1 2 3
Ad
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from: Deak et al, arXiv 1012.6037
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Azimuthal correlations in fwd-cent jets

g*g* —> qq_, g*g —> gg’ g*q — qg from: Deak et al, arXiv 1012.6037
E' "An=2
% 1 — CASCADE
large x — - mnmﬁg“ Ila-hard ot
small x — * E ;)3\ 10 -1 I
=55 55 - F-"ij-
20 i
> 5 5 T 1“ E :"':." !
S i
ceees 10

()
U

® significant differences

between CASCADE and 10

MPI models 10
LHE::qn[s}:?Dm
. af jet E,>30 GeV
o differences also at 10 |_central and fwd jets
0 1 2 3 0 1 2 3
E > 30 GeV Al A
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Azimuthal correlations in fwd-cent jets

g*g* % qg, g*g % gg, g*q _> qg from: Deak et al, arXiv 1012.6037

L A -
12 ﬁ.fpi ia-hard -3-1 2 T E#‘?ﬁlinlf ia-hard
- rugia- oo ~Ferugia-
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S 1 L jet E;>10 GeV 8 1 | jet E.>30 GeV
Vv [ v
u a _ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 0.8 - ' I-II-lI-II-II-II-II-“-II-“-ILI:::::;uuuuuu:.‘:.‘:.‘:."..‘::';';';'l
.................................. |
o6 L s |
04 | 04 |
02 | 0.2 |
n I | I | | | | ! 0 i | . | | | | .
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15 2 25 3 35 4 45 5 55
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® significant de-correlation effects observable
@ BUT, differential distributions has discriminate better !
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Conclusions

® CASCADE works promising well in pp
@ specialities are (up to now):
® heavy flavors (open and hidden)

® forward (& central) jets

@ even does not too bad for min - bias

® CASCADE has essentially NO free parameters

® all parameters are fixed by uPDF

® gives real predictions

H. Jung, CASCADE vrs pp data at LHC, Recent QCD Advances at the LHC, 14.Feb 2011
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Conclusions

» CASCADE works promising well in pp
® specialities are (up to now):
® heavy flavors (open and hidden)

® forward (& central) jets

@ even does not too bad for min - bias

® CASCADE has essentially NO free parameters

® all parameters are fixed by uPDF

® gives real predictions

You are most welcome

to use CASCADE

for your analysis |
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Backup slides
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CASCADE and coll. NLO calculations

LO NLO NNLO
. =0
o fit of uPDF to inclusive structure (%) 0(a}) \Emo(a‘s‘ )
functions /x-sections used to :

determine normalization S

-
). M

2 includes “all-orders” 111 k20 Em
o off-shell matrix element simulates k‘;) =0
part of real NLO corrections kt*o\jﬂ“f

kt — factorization

/7’ : (all orders)
kt=l= 0\

uPDFs are important....
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 compare CASCADE
with MC@NLO for

ttbar production at
LHC

- sudakov suppression
at small pt(ttbar-pair)

= even larger pt tail,
coming from 2 off-
shell gluons

H. Jung, CASCADE vrs pp data at LHC, Recent G

CASCADE and NLO: pp

a.
QB

N\

k=l=0\
t

l(t — factorizatior

(all orders)

— CASCADE

log10(p_t)(ttbar) (GeV)

1§
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