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—> Elastic and Total Cross Sections

- Diffractive dissociation (soft and hard)

- Underlying event and multiple parton interactions 1

- (Very) forward Energy flow and Charged Particle Production
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But what usually happens when hadrons
Collide? This talk...
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-+ Why so Hard to Calculate?

- Front-line territory!

- Constrained by

PYTHIA8 s - - i
iy . i fighel impressively precise

at /s=/1ey, s recent data and some

visualised | original new observables

using MCViz



Why should we Care?

Dominant strong interaction processes fundamental to
our basic understanding of the Standard Model:

Fundamental questions:
- confinement
- hadronic mass generation,
- non-perturbative degrees of freedom
- strong / weak coupling and Super-gravity

Practical concerns:
- Modelling pile-up at the LHC
- Modelling underlying event at LHC
- Modelling cosmic ray air showers




Something Simple’:
Elastic Scattering
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non-perturbative

do/dt (mb/GeV?)
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Non-Diffractive

Everything Else
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The Elastic Cross Section at the LHC: TOTEM
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- The most hermetic detector ever?
- Elastic scattering measurement using Roman pots at 220m



Elastic Cross Section (TOTEM Roman Pots)
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- Bincreases: 16.7+ 0.2 GeV-2 (D0) = 19.9+0.3 GeV-2 (TOTEM)
- Position of dip decreases from |t| ~ 0.6 GeV? (Tevatron) to

0.53 GeV? (TOTEM) =
Mean impact param increases with /s (longer-lived fluctuations)



Vacuum Exchange and the Pomeron

What governs P i
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Is dependence of t Slopes and o’

v pp, Ref. [9] : :
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- Comparing Tevatron and TOTEM results suggests o’ significantly
larger than the generally assumed value of 0.25 GeV-2

- There were similar observations at HERA ...

- Single pomeron exchange insufficient ( absorptive corrections’)



Optic.al Theorgm: Lo 16z(hc) do,
Relating elastic & o T dr |
total cross sections

103

extrapolation to ¢t = 0

102

It‘min 2.- l()_2 (::(‘\72

|t‘1nin = D - 1()_3 GeV?2 : §
| | | | I | | | | | | | | | I

0.05 0.1 0.15 0.2

10!

-

Dedicated run (special optics @ p* =90m) > |t| ~ 0.005 GeV?
- 10% extrapolation to t=0
- Luminosity measurement from CMS
- p from previous data
... one of four evaluations of o, by TOTEM
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Totem Total (and Elastic) Cross Section
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Total Inelastic pp
Cross Section (ATLAS)

» Using MBTS trigger (2.1 < |n| < 3.8),
miss only elastic (pp =2 pp) and low
mass diffraction (pp = pX etc)
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Comparison with Indirect TOTEM Data
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Central Value of extrapolated ATLAS result within large (model
dependence) errors of TOTEM, but central value somewhat
lower ... need improved modelling of low mass dissociation ...



Inelastic Diffraction

Single diffractive dissociation
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O ‘ Additional kinematic
Proes P variable
(t) : /
M, E,
Double diffractive dissociation = T =] - R

p
5 Oé }X(Mx) At LHC, My, M, can

be as large as 1 TeV

| in soft diffractive
5 C)é }Y(MY) processes
—~ 15
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Uncertainties in pre-LHC Predictions
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o = 14mb (PYTHIAS) o =9mb (PYTHIAS)
o = 10mb (PHOJET) o =4mb (PHOJET)

Parameterisations based on old
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“Standard Model” of Soft Diffraction

[a(t) = a(0) + o' t] o (17
At fixed s: dE df 3 e

i 2 M E
Pl i 4 do 1
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PO b p NP, i.e. approximately: diE E

Deviations from this behaviour sensitive to a;(t) and to
absorptive corrections - c.f. multi-parton interactions

dn 4 Up to event-by-event

c{y . ‘ hadronisation fluctuations,
/ \ My & variable predictable
X P
—In Mgz( > g An = 7 ln g

from empty rapidity regions
m, do

a ‘ ... ~ flat gap
, ' distributions d An
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ATLAS Detector
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ATLAS Acceptance

AT LAS sﬁ 0‘° A !

Detector o o TILE >
KSR 1iADRONIC CAL. [REEPYIIN
'"HADRONIC '"HADRONIC
‘,;.b END CAP END CAP ‘,_,‘.b

" MBTS " MBTS

'FORWARD
CAL.

Data obtained using full calorimeter coverge (|In| < 4.9) and
inner tracking detector (In| < 2.5)

MBTS scintillators provide almost unbiased trigger

Detector is sensitive to particle production with p; >~ 200 MeV



Differential rapidity gap cross-sections

- Cross sections differential in "visible’ rapidity gap size Anf
- AnF extends from n= +4.9 to first particle with p, > p,cut

200 MeV < p,ut < 800 MeV
0<Anf<8

... corresponding (where
diffraction dominates) to
106 <~ E<~102..0r

7 <~ M, <~ 700 GeV

AnF ~ 6 at p,~t=200 MeV |

Corrected for experimental
effects to level of stable
hadrons

Pt = 200 MeV results follow ..

Implies £~-104



Differential Rapidity Gap Cross Section
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- Precision between ~8% (large gaps) and ~20% (AnF ~ 1.5)

- Large gaps measure x-sec for SD [+ DD with My <~ 7 GeV]

- Small gaps sensitive to hadronisation fluctuations / MPI

... huge uncertaintigs

- PYTHIA best at small gaps, PHOJET > 50% high at Anf ~ 1.5
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Large Gaps and

Diffractive Dynamics

-Diffractive plateau with ~ 1 mb
per unit of gap size for An" > 3
broadly described by models

- PYTHIA high (DD much larger
than in PHOJET)
- PHOJET low at high Anf
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Large Gaps and Diffractive Dynamics
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Default PHOJET and PYTHIA models have o;(0) = 1
Donnachie-Landshoff flux has o (0) = 1.085

Fit to large Anf region: o (0) = 1.058 + 0.003 (stat) + 0.036 (syst)
[Absorptive corrections neglected in all cases] >



Durham Model of all Soft Diffractive Processes

do_/dt (mb/GeV?)

[arXiv:1201.6298]

ISR pp at 62.5GeV (x100)

ATLAS data 7 TeV

] fluctuations in

g 2 T . hadronization
< L%

S '

e L2 /8

T 1 4

... simultaneous Durham (KMR) description of ATLAS gaps data
and elastic cross section data from ISR to Totem based on

a single pomeron in a 3-channel eikonal model, with
significant absorptive corrections in gaps / dissociation case




Diffraction at F==

HERA ep Collider:
Virtual photon probes pomeron
partonic structure rather like
inclusive DIS ...

>100 papers later 23




Diffractive Parton Densities (DPDFs)

Jet 02 g
g 3
. = (=)
jet o : N
9 (zs) "o
— H1 2007 Jets DPDF 01 :
- exp. uncertainty .
D exp. + theo. uncertainty g o5
p p H1 2006 DPDF fit A

------ H1 2006 DPDF fit B

‘“ME S—- i NLO DPDFs
y " e 1 o0s | lead tg
0.4l i impressive
3\ 002 descriptions of
02p e 1 em all hard
) ORI _‘_1 of i e diffractive
z ' 2 DIS data

DPDFs dominated by a gluon density which extends to large z
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hadronisation fluctuations ...
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W and Z events with gaps at CMS

After pile-up corrections, ~1% of W and Z events exhibit
no activity above noise thresholds over range 3 < +n < 4.9
... interpretation complicated by non-diffractive

CMS
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events /0.5

Gap-Lepton 1 Correlation for W bosons
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Lepton pseudorapidity
with + sign if lepton
in same hemisphere
as gap, else - sign.

Fit to combination of
PYTHIA and POMPYT
hard diffraction model
suggests significant
(~50%) diffractive
contribution

Surprisingly large?...

o2 No statement yet on

signed n

cross section or gap
survival probability



Rescatter

® o ° p e —o
CMS DlJetS with Low & Q=i
0 jet
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-Diffractive signal required at low & (Data > PYTHIA ND)

-Fit linear combination of PYTHIA (ND) and POMPYT /
PYTHIA8-SD+DD (DPDF-based diffractive models)
- Best description from PYTHIA6 with POMPYT x 0.23

—~ PYTHIA8, SD/DD contribution has to be multiplied, by
a factor ~2.5 and still gives inferior description



Corrected Differential Cross Section

CMS, 5=7 TeV, L=2.7 nb", pp—sietqjety, ™l <44, p:'j2>2o GeV
R — 1 - Comparison of 15t bin v
diffractive DPDF models

do, /d (ub)

- Gap survival probability
{1 estimate 0.08 + 0.04

® DATA

— PYTHIAS Z2ND (based on NLO POWHEG)
==== PYTHIAS8 tune1l ND
1o h — POMPYT CTEQSLT & H1 FitB { ... comparable to Tevatron,
==== POMWIG CTEQS6L1 & H1 FItB o
e PYTHIAS SD4DD but different x range
Lo POWI_-IEG+PY'I_’HIA8 _CTE(_)GM_& I:I1 _FIt_B.
- — - larger than expected?

—~

S

Proton tagged data will help a lot, by removing
complications from Double dissociation and non-diffractive

events with large gap fluct’s)
31



The rest: non-diffractive processes

( Non-Diffractive

Complicated!... and
non-perturbative aspects not ignorable
even for hard scattering studies

“Hard” Scattering
outgomg parton

//'
-——>  proton

proton ¢ T——

derlying event <—— o= underlying event

initial-state
radiation
final-state

outgoing parton radiation

Central Exclusive
Everything Else

!f\ / ’ " Double Diff.

Single Diff.
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The rest: non-diffractive processes

Central Exclusive

/ ’ - D(;uble Di ff : Everyﬂnng Else

Complicated!... and
non-perturbative aspects not ignorable
even for hard scattering studies

Significant progress in understanding the
“underlying event”: originating from
beam remnants and S
multiple parton interactions

20



FB multiplcity correlation

Complexity! Correlations & Transport

Baryon number transport
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Underlying Event and MPIs:
The Bad Old Days ...
(2011)

outgoing parton

proton proton

derlying event underlying event
initial-state
radiation
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The earliest LHC data quickly showed up our lack of
understanding of multi-parton scattering & underlying event



Tuning the Underlying Event

e.g. Tune Z1 of PYTHIA6 (ATLAS AMBT1 - Rick Field)
Principle changes are in energy dependence, PYTHIA version
(pr instead of virtuality ordered parton showers), PDFs (CTeQ5L),
MPI p; cut off and energy dependence
Example illustration ...
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Energy Dependence of Z1 Tune

Simultaneous description of CDF data from Tevatron energy
scan (300 GeV, 900 GeV, 1.96 TeV) & LHC(900 GeV, 7 TeV, 8 TeV)

e" Charged Density

1.2

o
o

0.0

"Transverse" Charged Particle Density: dN/dNd¢

RDF Preliminary

Corrected Data

e

0.4 —{8

) T
.
i 1.96 TeV
fooced  CDF

PYTHIA Tune 21

Charged Particles (PT>0.5 GeVic)

15 20 25 30

PTmax (GeVic)
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B Cms
® ATLAS
[] ALICE

- Energy dependence
well described for
this and other
observables

- More improvements
pending

-In good shape for

13 TeV data 37



1/[An A(AQI(Z p_ ) [GeV/c]

Underlying Event in Dedicated Samples
with Hard Proceses:

. e Data

- —MadGraph Z2

— e Powheg Z2

- —Pythia-8 4C

[ e Herwig++ LHC-UE7-2

- charged particles

C 81<M,, <101 GeV/c®

—  Herwig++ LHC-UE7-2 (no MPI)

cMms, |

cMs s=7Tev | Towards region
determined

by u*u- direction in
Drell-Yan events

L (p, > 0.5 GeVic, Iyl <2.0, 60° <1A¢1 < 120%) ... much higher p; of

“towards region’ tag

Madgraph (+Pythia) Z2 is
slight update of Z1 - again
successful

L 1y | E T T S I WO T
0 20 40 60 80 100 Many further similar

m
P [GeVIel oy amples .



Double Parton Interactions
in W + dijet Events (ATLAS)

q v q
+
e+ "
i ! ;
y ¢ ®
g
Wq m
Single Hard Process Double Parton
Interaction

W+MPI

Distinguish

using topology -

in transverse
plane.
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Double Parton Interactions in Wjj Events

Al — |5T 5T Aiets = | '[—5-/1 + p»Jz
ot 15 +1BP e
0_1 2 —l LI I LI l LI I LI 1 0_07 T 1 T I L 1 I T 1 T I Ll T 1 I T LI ] T 1 T I L T ] T
[ ATLAS e Wiy data- phySICS BG \1_—7 TeV ATLAS » Wlv data - physics BG,Ns=7 TeV

8 o1 N Fit distribution - P [ Fit distribution
= — A+H+J template A 8 _________ A+H+J template A -
g - —— template B pd 4 —— template B ]
@ 008 < it ]
qc; N [ + E
> 006 I Ldt=36 pb” =
- E L% j Ldt=36 pb”

0.04f

0.02F

00 01 02 03 04 05 06 07 08 09 1 60 80 100 120 140

Aj':ats Ajets [GeV]

Fit normalised (or unnormalised) transverse momentum balance
between jets after background subtraction to linear
combination of two templates:
A (single hard process, ALPGEN+HERWIG+JIMMY with MPI off)
B (double parton interactions, standard dijet data)



Double Parton Interactions in Wjj Events

Fraction of Double Parton Interaction events in this
sample: fpp = 0.076 £ 0.013 (stat) + 0.018 (sys)

Interpret in terms of effective area for double parton
interactions o ...

® AFS (4 jets - no errors given)
UA2 (4 jets - lower limit)

.

ATLAS

1
Oeff = D)
ﬁ)P

e}
: - E 22
° 18

16

=15 + 3(stat) +5/-3(sys) mb

12

... Significantly smaller than 8
inelastic cross section or
black disk geometry

[ ] CDF (4 jets)

v CDF (y + 3 jets)
DO (y + 3 jets)

+ ATLAS (W + 2 jets)

_lllllllllllIIIIIllllllIllllllllllllllllllIIIIII

oON B~ O

] ] ] II{OQ IIIIII 10° IIII III{O4
... Consistent with previous data. \'s [GeV]



High Rapidity Coverage at LHC

CMS

WWW#WW Charged particle
@ ﬁﬁﬁ@ <«<—— multiplicity

ALICE Data. Inelastic, Nch > 0 in [n|< 1 #

+ ATLAS Data. Inelastic, Nch >= 2 in n|< 2.5, p> 0.1 GeVic

+CMS Data (NSD)
& TOTEM-T2 Data. nelastc, Nch > 0 in 5.3¢f{<6.5,p. >40 MeVic 5]
+LHCb Data, Nch > 0in 20<1<4.5 _

| ] | ] ] ] | | 1 1 | 1 | | | | |

0 2 4 6
Track n

-Forward tracking coverage provided by LHCb and TOTEM T2
telescope (5.3 < [m| < 6.5) - way beyond rapidity plateau!

- ATLAS, CMS calorimeters = |n| ~ 5

- Also ATLAS LUCID and CMS CASTOR (5.2 < |n| < 6.6) o
- Many complementary measurements possible

dN/dn
N

measurements

1
N



Transverse Energy DenSIty (minbias)

ATLAS \[L 7TeV

besiessccsscmmencscnnennn: _ __ _ _ _ __ __ _F* SRS SRS, 6_ . . . .
.. - -

L J Data

Py6 AMBT1 -
------- Py6 AUET2B:CTEQ6L1 —
.............. Py6 DW -
---- Py84C N, 22(p">250 MeV, f1<25) -
— — H++ UE7-2 -

_______ EPOS LHC p e 5 500(200) MeV

|

............

- Several models do acceptable job in central region

- All models low for forward energy flow (emerging LHC theme)
- Dedicated forward heavy ion / cosmic air shower model
EPOS, among best descriptions

) 43



O o o f N AT =
rngin o I e i e -
. 9 mﬁ\%O-SE— .- L---{I o
Disrepancy: £B oo s

0_4:— = == Nominal —f

:_ = Enhanced diffraction Neh22(p.:>250 MeV, ifhi<2 5) _:

Sensitive to role of diffraction / 5(PYTHIA8 4C) ,,l,,5,{,‘"ﬁ"‘j"’j?°f’?f’?’,‘?i”,e,5,
(50% variation in normalisationglg " F== s, E
08F T e ST TR

gluon)

and to PDFs (especially lowx\ ST TS s !
]

1:_ ATLAS \s=7TeV _]

T 08 ! T -

.. as well as parton cascade  glg === 7 k= :

. . NS | 06— @ Daa kil

dynamics and the underlying ™ F_— cocreons

04— ___. PyBA2CTEQ6L1 (MSTW2008LO) ]

event. 0-2:_ Py8A2fMSTW2008LO Nd‘22(p:'>250 MeV, if™1<2.5) _:

E ....... Py8 A2:CTEQ6L1x 0.93 R —— E

Description not completely ~— gg e T -
O 1k

solved by variations in any -

of these. 0 0E 1 15 5 25 3 35 4 45




Energy Carried by Charged Particles
(2 <n < 4.8 at LHCD)

;300_ R L L ;350_ [T T T[T T T T [T T T T[T T T T[T T T T[T 773
8 - —e— Comected Data 2010 hard scattering events ] 8 - —e— Corrected Data 2010 hard scattering evep_t_s___z
gzso:— — —- PYTHIA6 LHCb: 2010 MC . -gaoo_— —_— gi;cgé%s: i
o - = PYTHIAG Perugia 0 } p— w i .......... QGSJETII-03 c------j_ i-—:
S 200l PYTHIAG Perugia NOCR ; [__r_- 2 250t " Gveni 2 i 2
- n --_--.-]_ e > 200:_ 5.;—.;;—:;} ---*—---' =
o F R : .
§ 10 = s 3 e
e - _i_ me e [ 150_— ________ ! _
g 100:_ -J:_':.'r:.:.- _: g E :-_-_-l_-_.-_-l ]
: A : 100F- - }.wl 3
50— petesd LHCb pr7eIiTm\i;1ary B 505 o LHC\t{J_pr;zl_irm\i?ary -
om@evos S= e ] _m“’m.i e S—= e =
0_ | 1111 | L1 11 | 1111 I 111 | I 111 | L1 0: I | | | 1111 | 1111 I | | | 1111 | 111 ]
=4 ] <
'E 1'4_ ] ’2 1.4_— _
§ 2r 7] § 2= ]
— - s P
= —t———— — Al B e e g —
[ =T oA S i T e WO 1_ ————— e -—.._.____1____:,:{___ _____ I
L — 0.8
0‘6—|||||||||||||||||||||||||||||— 0'6—|1111||111|||11|1||1|11|||111_
2 25 3 3.5 B 4.5 n 2 2.5 3 3.5 4 4.5 n

- Dedicated cosmic air shower models again better? )
5



Measurements in Very Forward Region

dN/dn

- ePythia 8.108 (Default-Tune)
— ¢Sherpa 1.3.0 (Default-Tune)

YSYBILL

»Pythia 6.42 D6T

sPhoJet 1.12
4&QGSJET 11

H

Charged Particle Multiplicity

(5.4 <1 <6.4)

| - Standard MC approaches again
;| low, cosmic shower models better?
7 - Forward energy density grows fast
w1th /s especially for central hard

Forward energy denSIty (5.2 <m < 6.6)

dEAIT (nom 10 2.76 TeV)

e’ scattering processes

“challenging”

4

?g CMS Pmlumrmy
35 §2<hnj<bs6
©
~ Leading charged jet p_ > 10 GeV/c, hf™l <2
™ 3 —— Data
- — PythiaB D6T
g 25F ---— PythiaB Z2*
c ~.-— PythiaB 4C ——m—— -
= 2 -—- Herwig++ 25
S I
Wwqs
1 .
L S ——
0': ] !
0.8 TeV 276 TeV
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... in fact it goes even Further: LHCf

[Zero angle calorimeter detecting photons 140m from ATLAS]

_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

— LHCf ys=900GeV, Photon like
C N> 10.15 (<6> =39 urad)

_IllllllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

" LHCf 15=900GeV, Photon like —
T 8.77 <1 < 9.46 (<> = 234 prad)

MC/Data
[=2]

MC/Data
[=2]

T

5L 4 Data20%0, _l'umo.so'o.zsnb .
C Data 2010, Stat. + Syst. error
4 o DPMUET 304
[ —e— QGSJET 103
30—+ sBYLL24
- —e EPOS1.93

PYTHIA 8.145

N

- @ Data2010, J'umo.so-o.zsnb "

r Data 2010, Stat. + Syst. error
4 o DPMIET 304 ——

L —® QGSJET 103

3 - siBYLL21 E

—o— EPOS 193

PYTHIA 8.145 N

2=

lllllllllllllllllllllllllll

lllllllllllllllllllllllllllllll

L4

0||||||||||||||||||||||||i|||||||||||||

900GeV

r
Lovon b by v by v by g s by P

III 0 J | 1 1 11
50 100 150 200 250 300 350 _400 450 50 100 150 200 250 300 350 _400 450
Energy[GeV] Energy[GeV]
- T . T - T ——————————————) — —
S 2sF - — S
s F n>10.94 . S 8.81<n<8.9
= - . = -
2 e - - ——
C - n -.-
=% RO o=
o b

2500 000 3500

1111||‘
500 1000 1500 2000 2500 3000 3500
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Precise elastic & total cross section data Summary

- Broadly in line with expectations -

- Pomeron slope o’ non-universal? “
Developing Diffractive Diss’n data

- Soft pomeron with intercept as
expected works for soft dissociation
- Low mass region not understood

- Proton-tagged data required to
understand rapidity gap survival probabilities

Increasingly Sophisticated Multi-Parton Interaction Data
- Would be nice to understand this beyond a MC tuning exercise
- Interpretation / universality of o

Unprecedented Information at Very Forward Rapidities
- Deficiencies in modelling forward region in all models
- Cosmic Ray air shower models appear to fare best



Investigating Low Mass Extrapolations

7o) I LR B N
E 7o ¢ -
. F .
5 70 . ATLAS -
8y 655 . ""'~--._,ﬁ=7TeV 1 [Inelastic cross
T Lo 1 section excluding
60 Tl fo\.\\ .. diffractive
55:_ \\\\ ~< - \“\“\\“\\“\m‘ channels with
L o \\~ ®. _
- Sso TSsa. \ m g < gcut]
50— [0 ATLAS L =7.1ub’ DAY =
- [ZZ0 ATLAS L =20ub Seo .
45 S TOTEM L = 1.7ub™ R =
- —— PYTHIA6 ATLASAMBT2B =-:-=-- PYTHIA84C .
- PHOJET --- KMR n
40_ | IIIIII| | | IIIIII| | | IIIIII| | | IIIIII| | | IIII| —
10°® 107 10° 107 10 1 %'3

- Integrating ATLAS gap cross section up to some max An"
(equivalently min E,) and comparing with TOTEM indicates

that small g, region underestimated in PHOJET and PYTHIA;

- 14 mb with € < 10>, compared to 6 (3) mb in PYTHIA (PHOJET)



Quick word on Central (Excl) Production

ERN
16:42:56 2010 CEST
1554 p p
e
-

”’ e [t

- First results from CMS on e*e” and u*w

\099999999999/

are consistent with QED prediction. 3 G
- No signal for yy, jet-jet or other strongly P — P
produced central systems so far Py jo

Q00Q9999900QQ

I
Q
(
<
I 2
a

T
©

... but watch this space ...



Photoproduction in Ultra-peripheral
p

‘0
-
-
.0
A4

o"
*

Hl
v ZEUS

"""" Power law fit to HERA data
e LHCO(W .\ solutions)

m LHCb (W solutions)
Power law fit to LHCb data

2 3 4
10 10 10 W [GeV] 10



Total Forward
(4.0 < |n| < 4.8)
Transverse Energy -

Min Bias /7 2

Models all tend

to overestimate

the low E; contribution
and underestimate

the high E; contribution
in most forward region.

® Data
—— Py6 AMBT1
Py6 AUET2B:CTEQ6L1
........... Py6 DW
-==-Py84C
= = H++ UE7-2
EPOS LHC

L“‘H‘HT""".'“

IIIIII| | IIIIIIII | IIII[II|

O|L , B E
=8 E :
0 5 10 15 20 25 30 35 40
Y E;[GeV]
N ] —T T T "~ 1 1 1T T T
S ATLAS Ns=7TeV @ Data =
q, L —— Py6 AMBT1 _
O  Cmmhieeas 000000 memes Py6 AUET2B:CTEQ6L1
— T P Py6 DW
5| 107 E bRERRE --- Py84C =
% _IEE = fewew — - H++ UE7-2 B
X — 40<mhl<48  T====F 0 7T EPOS LHC _
A4E F . ]
T N, 22(E™ 520 GeV, "l < 25) [ mn ]
10_2_|A¢|>2512”2/:2‘”>05 """"""""" N
= o =
— peheu@ 5 500(200) MeV - - T
| Transverse region e ]
| | ! | | ] - ’- -
2E =
ol T i
3|8 15EIIIT E
05E R L E e ] e e e
0 2 4 6 8 10 12 14 16

X E; [GeV]



Complementary Ways

of Characterising Events:

1 dNg,

Ng, dt§"

- N W e O N o W

MC/Data

Global Event Shapes

- Transverse thrust
- Thrust minor,
- Transverse Sphericity

/ O @ / O @

qq PARTONS ISOTROPIC

\s= 7 TeV ATLAS prellmmary
p,>05GeV,N, >6and n| <25, p =3 > 0.5 GeV

=& Data 2010
= Pythla6 AMBT2B

HIII[IlIllIllIIIII_I

..................................

also well described by Z1 tune ...

4

|
Z

ev dTS

MC/Data

aa PARTONS ISOTROPIC

T
r 7TeV  ATLAS prellmmary

7 __ _:
65 p, > 0.5 GeV, N, 6 and fn| < 2.5, p=**> 0.5 GeV -
— =% Data 2010 ]
— —--—- Pythia6 AMBT2B -
SE- —-— Pythias DW =
= =T =
— T =
05 06 o.gh
T
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(Forward) Transverse Energy Flow

Mean E; in 1 dNev, Mean E; 1 d ZET
In| ranges: N, dZE, Density: N, dnd¢

In| < 4.8, pT > 500 MeV (charged), pT > 200 MeV (neutrals)

1) For all ¢ in minbias events and leading track  §~—_A¢

toward
ol lAglk60® LT

2) For transverse region in events with central
dijets (E{¢t > 20 GeV) - underlying event in
hard process)

transverse “~_ -” transverse
60</Adi<120° .77 T~L _60</Ap|<120”

-7 away -
Agl>120°

> 18000 LI | L | LI | L | LI I LI | LI I_L y
> T
2 s (bkgd)
T 14000 Scey | -
8 12000 .
(5 10000 42<n<48

8000
6000
4000
2000

Forward calorimeter calibration
based on ni® - yy studies

100 200 300 400 500 600 700 >4
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SHRiMPS (MB in SHERPA) Preliminary

Rapidity Gap Cross Section @7 TeV These distributions
g L e e are complementary to
I E —— MC (tune-weights_i-oio I - :Qyﬁiﬁa@& o:

—— MC (tune-unitwe: ghMOO

—wmnmind particle spectra /
: correlations and
1 dedicated underlying

[pT > 400 MeV

o e mHTRRETRY event measurements

MC/data
MC/data

and should be
TR described by any

Rapidity gap size in 5 starting from y = +49, pr\»BOOMV

gl ] E'01E—IIIIIIIIIIIIIIIIIIIIILIAT;A;IdI:AIIIIIII—- model that a]mS tO
sk — MC (mmw gh!s_-ocB—o s E —— MC (tune-weights_1-odg-0
S B —e==etprovide a complete’

1 minimum bias
[pT>800 MeV] 1 description

- Impressive (but
+ still not perfect?
description ...

MC/data
MC/data

3 4 5 6 7




