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Diffracti on
- soft diffraction

-l arge contribution to total cross-section
- Poneron structure

- hard diffraction
-gap survival probability
Excl usi ve production (1yy)

- possible lum neasurenents
- WWN production — anomal ous quartic couplings

Forward QCD (non-diffractive)
- small-x (forward jets)
- MPI/UE (energy fl ow)

=> under st andi ng of LHC events
- underlying events
-crucial in high pile-up environnent
=> MC tunes, PU corrections
=> | nput for cosmc ray physics (air shower)

==> no way to overview all results!..
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— large contribution to total 1 nelastic x-section

Diffracti on

7 TeV SD DD CD SD+DD+CD <D ;%OCML

PYTHIA6  19% 13% - 32% ;; i Xl

PHOJET  14% 5% 2% 21% DD Py
- topol ogy:

- rapidity gap(s)+ diffractively produced system ( CVb)
- proton tagging (TOTEM
- proton tagging + diffractively produced system (CVMsS+TOTEM

- mass of diffractive system(e.g. SD): &zl\/lles
- nmeasurenment fromdiffractive products

r2
Momentum and energy conservation: ct Z (E + pz) ~ ﬂdrx
E(Pomeron) + E(proten |) = E(X) ' \/E 5
p.(Pomeron) + p,(proton 1) = p_(X)

- direct proton nmonentum | oss neasurenents( TOTEM CNVS+TOTEM
=> we need | arge acceptance! (and TOTEM :)

...and | ow “noi se”
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BSC (2009- 2011)

M nBi as trigger
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CMS Peak Luminosity Per Day, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
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PLB 722 (2013) 5, http://arxiv.org/abs/arXiv:1210.67181206 (2012) 036 (PAS-F

* |f we count the number of pile-up events as a function of the
iInstantaneous luminosity, we can measure the pp cross section:

L-o)" ;.
P(H) ( ) e L-o
n!
« Acquire the bunch crossing using a primary event:

- the bunch crossing is recorded because there was an event that fired the
trigger. We don't use this primary event, we only use it to record the bunch
crossing.

« Count the number of pile-up events:

- for any given bunch crossing, we count the number of vertices in the event.
« Correct the number of visible vertices for various effects:

- vertex merging, vertex splitting, real secondary vertices...
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Sel ection: any event
wth at | east one HF hit > 5GV
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X Y
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a. Low PU (~0.14) 2010 data at
M nBias with BSC (~tot al

Sel ecti on:

s= /7 TeV

At least 2 particle candidates in the BSC acceptance

No vertex requirenent (M<100 GeV)
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| nel astic sanple) + LRG topol ogy
Inl<4.7

Experimental topologies of diffractive events with LRG

SD1 type — gap on +side
CMS Preliminary, e = 7 Tel, L= 182 uk''

(a)

CASTOR t ag
any signal
E >1.48 GV

SD2 type — gap on -side
CMS Prelimnaryys - 7 TeW, L= 182 ub™’

DD type — cental gap

CMS PreliminaryyJs - 7 TeV, L- 16 2ub™

[ (o) ! * [ala 1
4 i PYTHIAB-MBR:
= 501
B sD2
oD
Il CD
CI D

) - closest-to-zero positive (negative) n of the particle in the central detector. An®=n" -n°

min

All types - measure forward-
rapidity-gap cross section (and
compare to ATLAS)
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DIS 2013, R. Ciesielski

\J
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Y
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measure DD cross section
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MC (gen.
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WiZ

Eur. Phys. J. C72 (201

Event sel ection: Yy ;
-leptonic final states (e, pu) - 10-17 and 9-15 GeV &

-single vertex (PU influence)
-tracker +ECAL or MionDet; |n|<2.5 & Pt>25CGV
-W>lv or Z/y->l1 selection; |: |n|l<l.4

<1% BG

W/Z events with an n-gap

Diffractive component in W/Z

data Set % 0.008 T T ||||||| T T T ||||||
LLl det:SG pb NS =7 TeV, W—uv
Events with low energy deposits 5 0.007 Eur Tower > 4 GV
he forward calorimeters P  Data, HF.
at the & , HF-
o 0006 HF Energy Scale = 10% For V\Br d RG
Monte Carlo generators cannot < ot
- : T 0.005F —pyrHias proazo events:
describe the data (extensive aded S Py s o

E( HF) <t hr =4GeV

studies on overall energy flow and 0.004
correlations)

0.003

Fraction of W/Z events with a forward gap: 0.002

W=lv: 1.46 + 0.09(stat.) £ 0.38(syst.) % £
Z~—Il: 1.60 £ 0.25(stat.) + 0.42(syst.) % 0-001F
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CMS FWD-10-008 10" 1 10 10°
Eur. Phys. J. C (2012) 72:1839 I By, [GeV]

LISHEP 2013, 17-24 March - AVilela Pereira



Diffracti ve events:
forward RG 120 e

at | east one HF: E<4 GV

Look at signed M, epton
<0 <=> opposite to RG

events / 0.5

=>
- asymmetry of ~20%
- the best fit gives
~50% di ffracti ve conponent

100}

Flat for non-diffractive, asymmetric for diffractive
events

Evidence of diffractive W production in the data

Fit for PYTHIA (ND) + POMPYT (SD):
fsp = 50.0 + 9.3(stat.) + 5.2(syst.) %
(n-gap sample)
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Eur. Phys. J. C72 (201
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HARD DI FFRAGH

PRD 87 (2013) 012006 http://arxiv.org/abs/arXiv:1209.1805 ; FWD-10-004

Event sel ecti on:

dN/dn
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Low PU
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CMS preliminary, pq-p-:'jet1 jetz, \s=7 TeV, P, 2:2\‘.) GeV
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http://arxiv.org/abs/arXiv:1209.1805
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PRD 87 (2013) 012006 http://arxiv.org/abs/arXiv:1209.1805 ; FWD-10-004
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http://arxiv.org/abs/arXiv:1209.1805

JHEP 01 (2012) 052 http://arxiv.org/abs/arXiv:1111.5536; FWD-10-005

Dat a: Sanple: 40 pb' of 2010 data at 7 TeV, any PU
Event sel ecti on:

- trigger: 2 p Pt>3CGV
- 2 “tight” p of opposite charge;, pT > 4 GV and |n| < 2.1
- primary vertex with 2 p and no other track within 2 mm
- cosmc-ray rejection and m(ppn) > 11.5 GV to reject Y photoproduction
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m Pair-p_very small (peak at ~50 MeV/c). Muons are ~back to back.
m Agreement with LPAIR (QED): pp = vy — uu

High-Energy Scatt. 0 deg, March'13 I5/45 David d'Enterria (CERN)

+ signal selection (=87 p™)/ml < 01) 4 paximal LH fit
(|Apr(p™p )| < 1.0 GeV)

o(pp — pu u p) = 3.38752 (stat.) + 0.16 (syst.) & 0.14 (lumi.) pb



http://arxiv.org/abs/arXiv:1111.5536

.org/abs/arXiv:1305.5596 Moti vati on : . J—
Dat a: Anomal ous quartic coupling Y
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. alot of results at E_up to 8 TeV
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Ener gy flomliggg-in 3.2 <|n <4.9

dn
M ni mum Bi as events: S »
-BSC AND(3.9 < |[n| < 4.9) && BPTX (bunch crossin 2 E ..
-good vertex &% no beam BG g ..
-suppressed SD (<5% accordi ng M) 2 e
-correction to hadron | evel s Eee
- ~200ub-1 for 0.9 and 7 TeV ( 9-4 Mevents) :
Subsanpl e of dijet events: —o— |
-central jets |Nn|<2.5 & pt>8 pt>20 GV, :
azi nut hal angle correl ation
-~10k evts
Uncertainty: ‘E:: E ]
-mainly HF energy scale and nodel (dijets) £ 2

-10-14 % M nBi as; 13-22 %dijets
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Significant contribution of M

Larger energy flow for dijets

Cent er-of -mass energy dependence (MC and dat a)
Large variation with different tunes

Good description with cosmc ray MC

More activity in the hard jet direction



Energy flow hard-to-inclusive ratio
In -6.6 < n<-5.2

M ni num Bl as events:

-BSC AND (3.9 < |n|] < 4.9) & BPTX (bunch crossing)

-HF- & HF+ & CASTOR tower (3.2 Aint)

-good vertex &% no beam BG

-suppressed SD

-correction to hadron | evel

-(120-300)ub-1 for 0.9, 2.76 and 7 TeV
(5-10 M events)

Subsanpl e of hard events:
-track-jets | n<2 & pt>1 &V,
pol ar angle correlation

-correction for track-jet - CASTOR energy correl ations

Uncertainty:
-mai nly CASTOR (al i gnment, non-conpensation,....)
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Typi cal UE behavi our
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Cent er-of -mass energy dependence (MC and dat a)
Better description with cosmc ray MC
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Exclusive/diffractive cross sections
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