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Terminology

Otot = EXPERIMENT THEORY MODELS

ELASTIC PP— PP QED+QCD ~ (‘QED = )
SINGLE DIFFRACTION —ptgaptX * °D model
PP™"P7&dp Fiducial region, Small gaps suppressed but not zero
identified proton, DD model:
DOUBLE DIFFRACTION pp— X+gap+X and/or * Small gaps suppressed but not zero

observable gap
INELASTIC NON-DIFFRACTIVE pp—X (no gap) +  Large gaps suppressed but not zero

(+ multi-gap diffraction)

Min-Bias, Zero Bias, Single-Gap, etc.

= Experimental trigger conditions (hardware-dependent)

Corrected to hardware-independent reference conditions

“Theory” for Min-Bias?

Really = Model for ALL INELASTIC incl diffraction (model-dependent)

Impose model-independent reference conditions to suppress or enhance diffractive components

... iIn minimum-bias, we typically do not have a hard scale, wherefore all observables depend
significantly on IR physics ... PS,“Tuning MC Generators: the Perugia tunes”, PRD82(2010)074018

DR — ———
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QCD Models

A) Start from pQCD. Extend towards Infrared.
HERWIG/JIMMY, PYTHIA, SHERPA, EPOS

Strings span
entire rapidity
region —

Elastic & Diffractive , . Unitarit Quarks, Gluons Constraints in
Treated as separate class R oTcTCening Multiple 2);2 pQCD forward region
— - Regularization of pQCD impact global
No predictivity (MPI) 2—2 (Rutherford)

description.

PYTHIA uses string fragmentation, HERWIG & SHERPA use cluster fragmentation

Elastic Min-Bias Dijets

0 Nacp 5 GeV 00

B) Start from Optical Theorem & Unitarity. Extend towards Ultraviolet.
PHOJET, DPMJET, QGSJET, SIBYLL, ...

Hadrons
Optical Theorem

PP—PP

Pomerons: Diffraction

Cut Pomerons: Non-diffractive (so Hard Pomeron!?

Note: PHOJET & DPMJET use string fragmentation (from PYTHIA) = some overlap
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Multi-Parton Interactions

A) Start from pQCD: Extend towards Infrared.
HERWIG/JIMMY, PYTHIA, SHERPA

Becomes larger
PQC‘E = 10¢pEE Butterworth, Seymour: arXiv:0806.2949 o:o than total pp
E ot e : cross section?
— © , ~ i
2 2 - N — MRST2001 int. - A.l. PJ_ ~ 5 Gev
= Sum of - 2le |
O13 .o .
o I Dijet Cross Section|_ Lesson from
qq — a'd’ | vs pt cutoff : bremsstrahlung in
qd — 99 - e ] .
49 — qg - 2E : PQCD: divergences
99 — 99 a — fixed-order
99 — 49 DL poft thard 4 unreliable, but
DL{.CDF .
~ Rutherford 10°FDLf - == -------5===== AN = resumma’r'lon =
(t-channel gluon) - - pQCD still ok
i y (unitarity)
| I]‘II 1 1 1 I 1 11 | I | . I | I .| I [ I | I | .| I 1
2 3 ! : 6 (Z v — Resum dijets!?
pT,min[ € ] YeS — MPI'
= 022 (pJ_min) — <n> (pJ_min) Otot
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Color Space
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Color Flow in MC Models

*) except as reflected by

“Planal‘ Limit,’ the implementation of
QCD coherence effects in
Equivalent to Nc— 00: no color interference” the Monte Carlos via

angular or dipole ordering

Rules for color flow:

o o = %9—‘_’_\{:<
For an entire cascade:

Example: Z° = qq

String #1 String #2 String #3

Coherence of pQCD cascades — not much “overlap” between strings
— planar approx pretty good
LEP measurements in WW confirm this (at least to order 10% ~ 1/N2)
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Color Connections

Each MPI (or cut Pomeron) exchanges color between the beams

» The colour flow determines the hadronizing string topology

* Each MPI, even when soft, is a color spark

I(Diffe.l“ent models
e dlfferem_. aNsity
e

1'7 (s * 3 qv3

=(L ;i ° Gio &2
B G | /

|

_ |

B : § _ |

0 B - Gy Gvl § \ — FWD
y) \ | 2
Cr L J (1, \ | P '

|

|

|

|

|

* Final distributions crucially depend on color space |/mj
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f Color Connections

Each MPI (or cut Pomeron) exchanges color between the beams

» The colour flow determines the hadronizing string topology

* Each MPI, even when soft, is a color spark
* Final distributions crucially depend on color space [mj

I(Dl.ffe.l“ent models
e dlfferem_. aNsity
e

FWD

£ B = ] v ‘\ —
{}) \ 2
] (G ey q' \ | ) q’
1 \‘ \ // 3
B

FWD

BG \ : CTRL
\ I
ﬁ— q-/ (‘j/ o~ - \ ‘I 5
|
RGQr g I—
3

# of
strings

Forward region (and forward-backward + forward-central correlations)
sensitive to beam-remnant break-up!
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Color Reconnections?

Some ideas:

Hydro? (EPOS)
Multiplicity o Nmpy E-dependent string parameters? (DPMJET)
“Color Ropes™?
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Color Reconnections?

Do the systems really form
and hadronize independently?

Can Gaps be Created!?

(challenge to separate from genuine diffraction) "%

oy
N
'O/d/l)/
My view: More ideas:
Universality is ok (a string is a string) < Coherent string for!mm;)n?
Problem is 3 = 00 Multiplicity % Nmpi Color reconnections!

String dynamics?
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PYTHIA Models

LHC data
2002 2006 2008 2009 2010 2011
pr-ordered PYTHIA 6 Tune SO S...-Pro ATLAS MC09 AMBT | AUET?2B?
Tune SOA Perugia 0 Z1,72 Perugia 201 |
(+ Variations) Perugia 2010 (+ Variations)
Q-ordered PYTHIA 6 BRIV DW(T) D...-Pro Pro-Q20
(default) Dé6(T) Q2-LHC?
2C 4C,4Cx
pr-ordered PYTHIA 8 Tune | M Al LAUI
A2,AU2

Main Data Sets included in each Tune (no guarantee that all subsets ok)

Pro-..., Perugia 0, AMBTI Perugia | Perugia AVUET2B,
Tune |, 2C, 2M 2010 2011 A2, AU2

v v v

S0, SOA | MC09(c)
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PYTHIA Models

LHC data
2002 2006 2008 2009 2010 2011
pr-ordered PYTHIA 6 Tune SO S...-Pro ATLAS MC09 AMBT | AUET?2B?
Tune SOA Perugia 0 Z1,72 Perugia 201 |
(+ Variations) Perugia 2010 (+ Variations)
Q-ordered PYTHIA 6 BRIV DW(T) D...-Pro Pro-Q20
(default) Dé6(T) Q2-LHC?
2C 4C,4Cx
pr-ordered PYTHIA 8 Tune | M Al LAUI
A2,AU2

Main Data Sets included in each Tune (no guarantee that all subsets ok)

A Dw’

Pro-..., Perugia 0, AMBTI Perugia | Perugia AVUET2B,
(default) D6, ...

Tune 1, 2C, 2M 2010 2011 A2, AU2
v v v

S0, SOA | MC09(c)
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Diffraction (in PYTHIA 8)

Navin, arXiv:1005.3894

Diffractive Cross Section Formula:

dosacax)(s) g3 !
Gar = 16r P Oer g exp(Baunt) Fa

d 2 1 1
04d(8) s Bap Bp — —5 exp(Baat) Faa -

dtdMZdMZ 167 M? M3

Partonic Substructure in Pomeron:

p

Follows the Ingelman-
Schlein approach of
Pompyt

No diffr jets

Pythia 8.130 ——
Pythia 6.414
Phojet 1.12
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What Works™

*) if you use an up-to-date tune. Here comparing to PY6 default (~ Tune A) to show changes.

Underlying Event & |et Shapes

7000 GeV pp Underlying Event

5
() Sum(p,) Density (TANS) (] < 2.5, p. > 0.1 GeV/c)
>y 2 |— —
s ®  ATLAS
B == Pythia 6 (350:P2011) A
o Pyia 6 1) N
ythia 6 \-

“~i5
o

1

> pT (TRNS)

0 | 1
5 10 15 20
p. (leading track) [GeV]

s Ratio to ATLAS

15 20

(@ N, /anao)

1.4

7000 GeV pp Underlying Event
<N_,> density wrt ¢ of leading track (n| <25, p_ > 05 GeVic, p_ > 5 GeVic) 4
®  ATLAS
== Pythia 6 (350:P2011)
1 Pythia 6 (def)
\ Pythia 6 (Z1)
& Pythia 8

Ap

J

0 1 2 3
6| (w.r.t. leading track) [rad]

s Ratio to ATLAS _

0 1 2 3

lll(r)

7000 GeV pp Jets

ntegral et shape ¥Y(r'RH) ()
1.1
8 ATLAS

1 —=— Pythia 6 (350:P2011)
Pythia & (ded)

Pythia & (Z1)

0.9 .

Pythia 8
0.8
0.7
. Jet Shape

os 30 < pt <40,All y ;
(softest jet bin available)
0.4 ]
0.3 :
1]
0 0.2 0.4 0.6

s Ratio to ATLAS

0 0.2 0.4

PS: yes, we should update the PYTHIA 6 defaults (tune A) ...
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What Kind of Works™

*) if you use an up-to-date tune. Here comparing to PY6 default (~ Tune A) to show changes.

(here showing as

M i n i m u m - Bias M u Iti P I iC iti es inclusive as possible)
7000 GeV pp Minimum Bias|

= | 5
'O 1 (N >0.nl<10 alp.) i £ 8 Charged Particle n Distribution (N > 2, p_ > 0.1 GaV/c) 1
= ' i Z : .
S ! © {
" ALICE { i B ATLAS
10" b == Pythia 6 (350:P2011) { P o Pythia 6 (350:P2011)
Pythia 6 (def) i E ! Pythia 6 (def)
Pythia 6 (Z1) l Pythia 6 (Z1) ]
_, Pythia 8 |
10 i 6 '
10 | 5 I
Central : N distribution ;
' -
10 Charged % 4 |
Multiplicity "] .
10" Distribution § 3 |
107 | {
: l 4 2 | 1 b
0 20 40 60 2 0 2
N: h ']
Ratio to ALICE Ratio to ATLAS
1.5 B, ! 1.5 , !
/f,'t'f_ : {
'3(\[/.‘, ] :
()
1 ‘ N N . . - ‘
.M M ]
It
N !
[ T ] |
P\ i ] ]
O.r 1 ¥ J [ 3 L 1 _—
0 20 40 60 e > 0 2

PS: yes, we should update the PYTHIA 6 defaults (tune A)...
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/dn

N

dN

Some Pre-LHC Forward Constraints

CDF VTPC up to |n|<3.5
(only dN/dn, only at 1800 GeV)

Charged Particie n Distnbution () < 3.5)

do/dn

~

®  CD¢f 4
Herwig++ (UE-EE-3-7000)
Pythia 6 (350:P2011)

*— Pythia 8

6 ¥ Sherpa
4 ¢ ‘
L4
0 ’ ' v
5 S N
i ———
r— «— . :_ T
) .
" ' - -
4|-a--o"
dNe/dn
3 - Exact trigger definition not totally clear to me —{¢t
2 1 i
0 1 2 3

n

Ratio to CDF
1.5 !

o
-
N
Wi
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1800 GeV ppbar Minimum Bias S

UAS up to |n|<5.0
(only below 900 GeV)

900 GeV ppbar Minimum Bias

(UAS NSD, In| < 5.0, allp_) 1
10
& UAS ]
Herwig++ (UE-EE-3-7000) :
Pythia 6 (350:P2011) )
- *— Pythia 8
10 Sherpa
. -
10 & 4
e, e
. )
« % oy
Y
Tl S84 " R |
S P(Nch) a '
, Definition of “NSD” not totally clear to me :
10° {c
‘ {
0 50 100

rl: h

Ratio to UAS
1.5 "

1 Ratio not plotted ;

(for annoying technical reason) |

0.5 b 101 1 J
0 50 100

Plots from mcplots.cern.ch

Ko

UAS up to |n|<5.0
(only below 900 GeV)

Minimum Bias

F ird-Backwar redabon vs An ()
0.7
" A
Pythia 6 (350:P2011)
0.6 Pythia 6 (def)
Pythia 6 (Z1)
4= Pythia 8
0.5
0.4
Forward-Backward
0.3 Correlation :
- by
Hoping for LHC measurements soon:
-Aell Sce Wraight & PS, EPJC71(2011)1628
-
el i IR RPN PN
0 2 4 .
Central gap size dn
1
1 —— ' TOTE }
ﬁ:
0.5 P
0 2 4 3




Forward-Backward Correlation

See, e.g.,Wraight & PS, “Forward-Backward Correlations and Event Shapes

as probes of Minimum-Bias Event Properties”, EP) C71 (2011) 1628

=
5 N, FB Correlation Strength (generator-level)
I} —6— Perugia 0 Few MPI (each gives more multiplicity)
«— Pro-pTO — Low long-distance Correlations
0.3 --% - Pro-Q20
.aWeu Lots of MPI (each give little multiplicity)
— High long-distance Correlations
0.6
0.4 Diffraction — uncorrelated fluctuations
— expect to see higher correlation in diff-
suppressed samples than in diff-enhanced ones
0.2 (e.g., by placing cuts on number of central tracks?)
- b (©
A OTE - Sensitive to balance between MPI (long-distance)
0 _———— ——————————— and radiation (short-distance, tuned on ctrl observables)
0O 05 1 15 2 25 3 35 4 45 5

+ color correlations (string-shortening) + diffraction
Additional PlOtS in PS, arXiv:0803.0678 nF — Use mU|t|p|ICIty distribution as cross-check
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Components of brs

See, e.g.,Wraight & PS, “Forward-Backward Correlations and Event Shapes

as probes of Minimum-Bias Event Properties”, EP) C71 (2011) 1628

Diffraction — uncorrelated fluctuations

U(?’Lb, nf)

_{pny) — (ny)”

"= oy

(n2) — (ny)*

— expect to see higher correlation in diff-suppressed samples than in diff-enhanced ones

— -@-DW low-p
05— t
- sum DW mix
0.4 — -« DW single
5 = .\‘\‘\’_‘ DW double
s 03—
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8 02—
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01—
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= A A A
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n

W= ND
= 900GeV p-p -o-DW low-p,
0.35— =1 icl
= =1 particle/event DW rad
0.3:— sum -« DW MPI
c —
o 0.25— DW hard
2 = MP]
o 02—
s . E
.1:—
015~ & |SR+FSR
0.05 —
= ME
B T
= = : : ® ® ® ® ® : ; ‘
0.8 — —A—e—a— A
2 06— A
£ .
04—
0.2—
OIIIIIiIIIII """ IIIII|II,,III _I|IIII|II'I|IIII
0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
n

Figure 10: Inclusive b correlation distribution for tune DW minimum Figure 8: Inclusive b correlation distribution for tune DW particle pro-

bias sub-processes. Lower pane: ratio to the distribution of the low-p, duction mechanisms: low-p ., hard process (HARD), radiative pro-
duction (RAD) and multi-parton interactions (MPI). Lower pane: ratio
to the low-p | distribution.

sample.

Warning: Model-dependent examples, but illustrate the principle

P. Skands




LHCD

Results shown at MPI, November 201 I, DESY (Hamburg)

Charged multiplicity distribution in unbiased events, in 2.0<n<4.5

(also showed result with > | hard track — less diffraction, could also be done by requiring high multiplicity)

Pythiat (NOCR)
= = = Pythiss (AMBT1)

ATLAS min-bias tune

RN
Us=TTeV o, T,
2.0<n<4.5 o
— [LHCb data
8% Preliminary
e
Nen

Beyond nN=4.5, we do not know what the distribution looks like
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CMS

Results shown at MPI, November 201 I, DESY (Hamburg)

Forward energy flow

(this analysis also comes with several cuts/regions designed to enhance/suppress diffraction = multi-dimensional constraints)

250 700 — :
% - —8— Data V5=0.9 TeV Minimum Bias % ~ —e— Data Vs=7 TeV M'”""C“Eﬂ'"g Bias
&) B Pythia6 Tunes cms &) B Pythia6 Tunes
; 200 == Pythiaé D6T - no MPI 900 GeV "",_: EODE ---------- Pythia6 D6T - no MPI 7 TEV
O ~ mammea Herwig++ (MUS00-1) L [~ mmeman Herwig++ (UE7-1)
% [ —— Pythia 8 % 500- — pythias
150F = DIPSY [ === DIPSY
C 400
100— 300
B 200
50— ~
- 100
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 :
S B . S B
© 1.4 © 1.4
S 125 S 12F
O L . [ =
=R N —— =i
0.8 y . - 0.8
0.6 mcimieim T A Temm——— 0.6
0.4;_ 1 1 1 1 1 1 1 1 0.4;_ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3 3.5 4 4.5 !I'; 3 3.5 4 4.5 ?
n| n|

|ldentical models at =3 — differences at N=5
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Summary

Aim to describe complete event structure

The MPI that produce the underlying event (UE) in the central region also
disturb the beam remnant in the forward region

— correlations between central and fwd fragmentation

Current MC constraints sum inclusively over FWD region — blind spot

If there are big elephants there, the central constraints would need to be
thoroughly re-evaluated

Diffraction

Is not a big elephant for the UE or central physics program (mainly non-diff)

But important for fwd physics + all MCs in active development (Hard diffraction
model in Pythia 8, POMWIG-type model in Herwig++, KMR model in Sherpa) = need good
constraints: — study both diff-enhanced and diff-suppressed triggered samples
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