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@ Description The aim of this waorkshop will be to review the results of the first luminosity calibration measurements at the LHC and to stimulate a
discussion on future measurements. A total accuracy of around 5% seems achievahle with the current instrumentation, on relatively
short term. The need far and the challenges associated with a more precise determination will be debated. The impartance of
knowing the cross section scale to a given precision will be reviewed. Direct luminosity calibration methods will be compared
to indirect methods, including recent experience at other cyclical colliders. Physics motivations, systematic uncerainties,
proposals for aptimal running conditions far future luminosity calibration experiments, etc., will be openly discussed.
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© Introduction (10 years on).

(light shining ¥rBugh the hole)

® Overall conclusions

Main aims - to identify the issues which may require further theoretical efforts
' @ -to estimate the size of theoretical uncertainties in the ‘low Q? approaches.




1. Introduction

Luminosity measureménts-why?

t-tbar production
W/Z production

Important precision measurements

Higgs production o x BR
tanp measurement for MSSM Higgs

12th-13% April 2007
Per Grafstrom

‘ Coseners Forum ‘

Any deviations in the rates from the SM expectations
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Abstract. We study the theoretical accuracy of various methods that have been proposed to measure the
luminosity of the LHC pp collider, as well as for Run IT of the Tevatron pj collider. In particular we consider

methods based on (i) the total and forward elastic data, (i) lepton-pair production and (iii) W and Z at L H c 2000

production.

Editors

Katri Huitu
Valery Khoze
Risto Orava
Stefan Tapprogge




Absolute and relative luminosity measurements

) 1. Measure the absolute luminosity with a theoretically reliable accurate

=0 . 7.
method at the most optimal conditions.
2. Calibrate luminosity monitor(s) with this measurement, which then can be

used at different conditions.

Luminosity monitoring- relative measurements

Use dedicated luminosity monitors either provided by the experiment or
by the machine

}?10 Target: to illustrate how well calculable could be standard
'low-Q? processes proposed for luminosity calibration

(in the real world environment).



Direct from machine parameters

. f =Ny - N
Interaction
region

Bunchl1  —— - Hunch 2
E— T =
Ny «  Effectivearean - ™

I f-revolution frequency I
Input:

- bgam curmrents

- Crossing area (e.q. from
transverse hbeam scans)

. I Already 3.4% I
Precision:

~ 10% at LHC startup,
~ B % with best systematics

Beam profiling via beam-gas interact®. -LHCh

; :I.:' ::_‘f-‘ ';'_ : ' t

Indirect fromratesvia L=N/o

(f"-fﬂg == P‘"’Tg;g )

I =
(€ -acc - T)

Input:
- cross sections e.g. W/iZ from PDFs,

Or Oy, via optical theorem (lepton pairs)
- efficiency, acceptance and
backgrounds

ALFA concept to determine the

luminosity from small angle @

proton scattering:

1) total + elastic rates + optical theorem
limited due o ATLAS n range

2) elastic rate + 0., €.g. TOTEM
3) elastic rate in the Coulomb-Nuclear

Interference region




Determination of the overlap integral ISR-record 1%
(pioneered by Van der Meer @ISR) _

®  Commisionine:
ommissioning :
simple, orthogonal
x / v sean

@ Default £ comes from LUCID

event counting
@ Several other methods

@ Stability of measurement over 2010 better
than 0.5%

® Systematic uncertainty of 3.4%

@ Dominated by uncertainty on bunch charge
(beam current) knowledge (3.1%)

.f-:’}l DIS 2011
Lauren Tompkins
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1 _ 2 1 _
HIGH Q probe I Slides from Graeme Watt I

Event rate = Cross section (0) X Luminosity (L)
[ . :_: Phenomenology
Theory <wmn> Experiment

® Theoretical calculations:

Feynman diagrams have
initial quarks and gluons.

W ® Problem: the LHC collides

’” protons. Need to know
Parton Distribution < density of quarks and gluons
Functions (PDFs) (partons) inside the proton.

No predictions for signal or
background cross sections

without knowledge of PDFs! 9

=fa/a|®/fo 5/ Gar



QCD factorisation

QCD = Quantum ChromoDynamics
(describes interactions between quarks and gluons)

e f,a(x. Q?) gives number density of partons a in hadron A
with momentum fraction x at a hard scale Q2 > hEQCD-

2
<~> 1 1
E , 2 21 n
(personal doubts) TAB — f dxaf d}fb ﬁ'il.fﬂ (KE'. Q ) fbl.J'H{xb'- Q ) Tab
a,b=q.g"° 0
- - ~ ~ LO ~ NLO 2 ~NNLO
Perturbative expansion: 0ap = 0, + Qs 0., + Q504 + ..
~ Ffara s LO NLO NLOs
T[?(EL:;GIUII?: | TN~ 2 Y [P +asPy® 4. ] @fya  standard.
2quaticn r__
4 5 T NNLO
- xS qLO 2 oNLO 3 P (2004)
rs evolution: = —F%ag - " ac—... 3
S dlnQ2 s 5 and 23 1.
. . | atti
e Need to extract input values f,,4(x. Q7) and ag(M3) from data. .:;EEBE?

well developed machinery

10



W and Z total cross sections
80

NNLO W= vs. Z° and W™ vs. W™ total cross sections

| G.watt, April 2011 |

e Consolidate two cross section measurements (and their ratio).

MHLO W and 7 cross sections at the LHC (s = 7 TeV)

o
£
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B el 2011

3. Was

¢ Know correlation of both data and theory (from eigenvector PDFs).

e Luminosity uncertainty 3—-4%,
comparable with PDF spread.

11



‘LOW-Q? * -APPROACHES

eCurrent theoretical models for soft hadron Regge poles,cuts 7 L

interactions are still incomplete, and their | S
gl

parameters are not fixed, in particular, due to «,,m
lack of HE data on Low-Mass Diffraction. LW [ theorem
| O}gtlca g
e Recent (RFT-based) models allow - \. L/t
reasonable description of the data in the T Tome ons: &

ISR-Tevatron range:
KMR-09-11,GLMM-09-11, KP-10,11, Ostapchenko-10-11.

e The differences between the results of other
existing models wildly fluctuate.

Reggeon Field Theory, Gribov- 1986

M
P P Mr >
I;:I ‘x\‘_ o
4 N M 12




LULL

¥ | First proposed for luminometry by. V. Budnev et al, Nucl. Phys. B63 (1973) 519.

Strong-interaction effects- KMOR, Eur.Phys.J.C19:313-322,2001

m | First observation of exclusive [T[~ by CDF: Phys.Rev.Lett.98:112001,2007

B | Ongoing studies of exclusive dimuons: CMS and LHCb (ATLAS in the pipeline)

First studies of feasibility for the dimuons at the LHC: A.Shamov and V.Telnov-1998 (ATLAS TDR-99).

T}@ Myth:

i%% Reality

e Pure QED process -thus, theoretically well understood
(higher-order QED effects- reliably calculable).

e Strong interaction effects (we collide protons after all).

e Backgrounds:
mis-ID, various contributions due to the incomplete
exclusivity (lack of full detector coverage), pileup...

13




‘[[ J[[ Strong interaction between colliding protons
(rescattering or absorptive corrections).

Even in the fully exclusive case: schematically

s ——
Y Gi __ \ f_g'q_.

Y g I e | -
qa t ! ,|'I. i__g q-. = .
» D * b
Notorious survival factor. (Wt parameters )

Usually, for photon-photon central production Sif (LHC)=0.9

However, in the case of pp — p + {70~ 4+ p absorption effects could be very small.

In particular, for low pi(uu) ~ 10-50 MeV  absorpt. correction 1-S2 =28 < 0.3%. @&
Will be additionally suppressed by the muon acoplanarity cuts. ’

- Tinel o ;
0 =~ < D C with C~0.1, KMOR, Eur.Phys.].C19:313 (2001).

({*¢~-pair production : K. Pietrzkowsi et al., A. Shamov and V. Telnov, M. Krasny et al...) 14



ﬂﬂ Main Backgrounds

. Proton dissociation. accompanied by diphoton fusion

Py(up) distribution is much wider (slope ~ 0.5-1.5 GeV2 ) -

Usually generated with LPAIR { ZEUS version ).
For Pr = Pt(!-l!-l) the strong interaction effects are lessthan 1%.

u Dimuons from Double Pomeron Exchange (DPE)

Usually evaluated using POMWIG (or DPEMC) MC.

2
Caveat ¥ survival factor ‘SPP (should be calculated theoretically).

Without proton dissociation Sﬁp =0.1" but , in reality, some particles accompanying
dimuons could go undetected, thus some increase of the effective survival factor.
Strong dependence on experimental conditions.
K/pion mis-ID, muons from b,c- pair decays (the experts say these are manageable ).
Jlypy - decays could be removed by proper mass cuts.

B  CMS:inel bgds could be further suppressed by veto on HF,ZDC,Castor, (T1,T2) and FSC.

Even in the presence of ( moderate) pileup. (M.Albrow et al)

(dielectrons@Alice with FSC -looks promising )



MU Old recipe: cut, cut and fit.

Tight cuts on P+( LL }1) , muon acoplanarity /\ and fitting of the distributions..

P, of muons are equal within 2.5 ¢
of the measurement uncertainty

‘Ad (pb/0.2 mrad)

eEfficient suppression of proton dissociation
and DPE background.
Reduction of the absorptive correction.

—— eclastic yy
ATLAS: n inelastic yy
6($)=0.3-0.5 mrad --=- Drell-Yan ® With good vertex fit
cmoothed histograms /. Suppression of hadron decays and pileup.

® However a price to pay- event rate ! @

® An addition of Forward Shower Counters
will allow to reduce inelastic backgrounds.

B P L EL LRy S SO L Py S ey

20 -10 10 20

0
¢ (mrad)

A. Shamov and V. Telnov, Nucl.Instrum.Meth.A494:51-56,2002

16



Lowering lepton detection threshold P:hr is crucial for statistical accuracy
- 10°
©
= 103 =-2.7<n<27 ATLAS studies:
o) at Pr >6 GeV, |n|<2.2, M<60 GeV
o3 pp—>e’e” pp +isolation requir. @ < ~1.33 pb.
romeeis . gl e
o PP—> K K PP LHCb at M>2.5 GeV 2 o ~90 pb.

I

Lad

il M T |

il ek iaaal

P,(up) <50 MeV.

(HERA-LHC Worksp. 2008 )

M.W. Krasny et al

1
10 1

NuclInstrun.Meth. A584:42-52, 2008

1(GeV/e)/p tir




yoye; ‘ Problems ?l

The rate: do OED aﬁz;rf ~ ot ]/ pj ]

Oppp (PP — P+ ppt+ p) =8pb* 2AM | M(6GeV /| M)’

with P, >6 GeV (e.g. ATLAS to maintain trigger eff.) the x-section is on the 1 pb level

Pile-up: Running at 1034/cm?/sec = "vertex cut” and "no other charged track cut”

will eliminate manv aood events (Per Grafstrom) )
D Moran, DIS2010

- Advantages of LHCb: lower muon P, (studies for P, > 1 GeVand P:(up) <50 MeV)
and low-pile-up data

SUMMARY I

Exclusive Himuon cross section is very reliably calculable, and this approach
1s potentially very promising.

# | However there should be well optimized tradeoff between the experimental cuts and
event rates.

I (Alice+ FSC - potential for ee) I
# | LHCD has good potential to provide a precise luminosity calibration.

[ Goal- (1-2%) |




@S

Which precision do we want? e

o,

Benchmark with EW processes

Track multiplicity = 2 & Acoplanarity < 0.1

T Dsle
Forwig OFE

LI G embi.
25 PR
LHCh
20 Preliminary

Number of events

1 10
DiMuonMass (GeV)

Luminosity measurements with exclusive dimuons from photon fusion

- Cross-sections predicted with < 1% uncertainty

- 250 candidate events selected in 17.5 pb-

- Purities seem high (more work needed)

- Work on understanding efficiencies has only just begun

- Exclusive JPsi, Psi’' and ChiC events have also been isolated and compared to MC

Jonathaan Anoderson
LumiDiavs

4/




track; g = 0 Gel
#ﬂ B it o0 437 817 910 G281 HCAL: E > 4GeV [08] B i e s
s ECAL: E > 25Gevy B =7 =

1L l

U & | T

5 i & »

I ; H _
moo= 305 4+ 0.08 GeY m =  9.44 + 008 Ge¥
ﬁ — (.08 A¢  _ 099
Apr = 0.05GeV _1;;,- = (L.20GeY

. lIdeal case: look for events having 2 muons and “nothing else” in
calorimeters or tracker

. Candidates for yy—uu, yp—J/vp, yp— ¥p observed in early low-luminosity
CMS data

CMS-DP-2010-035 a reality: ideal case is spoiled by )
extra “pileup” interactions in the
same bunch crossing

« In 2011 data, pileup of 7-10

« Reduce sensitivity to pileup with selection based only on tracking/vertexing 20
and muon kinematics




CMS Preliminary

wesTTeV, Ls40pk’

== hJ
O
I

10

X

1 I 1 1 I 1 1 T 1 1 1 1 1 T 1
> 40}
E_l:} ~ —=— data
w 350 T signal yr—pa ]
! [T Single dissociative jy—p
: - I Coubile dissociative yy—u™p
o 30 — Iy
o
= 25
L

N T

20 40 c0

80 100
up mass [GeV]

L]

Dimuon invariant mass,
normalized to best-fit value

« Consistent with prediction of
LPAIR signal + proton-
dissociation

« Highest-mass event at
~T77GeV

I warning: S? <1 I @

. Establishes yy—uyu as a reference channel for other exclusive measurements
with pileup in CMS, possibly interesting as a future luminosity measurement

21




o Gt =E|Fu(r)f

3. Elastic Scattering and Optical theorem

A well established and potentially powerful
method for Luminosity Calibration

@ optical theorem: 0tor = % Im Fu(s, t =0)
"] LU;M — N@I + NJ-.IH'.F

@ Need to separate the Coulomb and hadron scattering

Otor =

| To be measured |

@ Elastic rate N
o Differential elastic rate Y& for small —¢

@ Inelastic rate N,

ANy
167 dr |,_o !

1 +l—72 Nr.f + Nj'm.’.

_ 1+ 9 (Nt + Nigwr)?

167 dNg
dt

|r=ﬂ

dt Model >

~lslam et al. 0.123
Petrow et al. 2P 0.0968
Petrov et al. 3P 0.111

External input

BSW 0.121
Block-Halzen 0.114

Re F (s, t=0

® P = \mFy(s,t=0)

COMPETE 0.1316

4/18

7



Leading Protons measured at
-147m & -220m from IP

jwlumu A ﬂ[ |J|j|

i , 17 If T‘!’Tp]'r]ulll"; -}5,- ;].I| J ﬂi. ) | .- I.-_,I- i i||

Leading Protons measured
at +147m & +220m from IP

2 2 NG
Leading protons: RPs at +147m and +220m G
Rap gaps & Fwd particle flows: T1 & T2 telescopes Y
Fwd energy flows: Castor & ZDC (CMS)
MPI@LHC 2010 - Dec. 2, 2010 G. Lating — Preliminary Resultz from TOTEM

. TOTEM detector setup completed !!
TOTEM-2011 . First data with T1 very promising
. Eagerly waiting higher p* to make o,

e



Predssion

Combined uncertainty in o4, (and L) -
%ﬂlﬂ 2 2
Tror = 167 " le=0 . | = 1+ P {Ne.l' T N.l'ne.l']
14+ p* Nag + Nipar’ 167 dlNgy
dr r—0
A% | 90 m 1635 m
d—d";ﬂi Extrapolation of elastic cross-section to t =10 +4% +0.2%
et (Smearing effect due to beam divergence, statistical errors, unfertainty of
(str. interaction) effective length Lir, RP alignment, model dependent deviatjfon)
N Total elastic rate +2% +0.1%
(strongly correlated with extrapolation) /
Niral Total inelastic rate +1% +0.8%
(error dominated by single diffractive losses) /
o Error contribution from (1 4 p°) +1.2% %
{using full COMPETE error band ‘i—; =33%) /
Total fincertainty in g | [E5% | £1 — 2%
T:)[f | uncertainty in L | [£7% +2%

i &

t-dependence of elastic cross section is under control, including pion loop effects, safe extrapolation to the low - t |

region (KMOR-2000). Recent Multi-Pom studies + compilation by Totem.

JiM Prochdzka 3l pp ss section at TOTEM 27th May 2010 14 7 1B




rIIII.T""J {Tel Ond

ot

Can we measure i

with a good accuracy ?

YES
WE

o 92 = Z|Fu(t)]

@ optical theorem: e = ;—“g Im Fa(s, t = 0)

ﬂ LiTsor = WNai + Ninei
@ Need to separate the Coulomb and hadron scattering

~N

dN
o t6m &y 14 R (Na o Ni)
R 1 + 1"-:'2 Ne.f + '||I|||'|r.l'."1-r5~.|'1 - 16w
.. dN

measure g

small beam divergence — high 3" (parallel to point focusing)

CAN

With known lumi ( 3.5% VdM )

(Lumi independent)

Model I

Islam et al. 0.123
Petrov et al. 2P 0.0068
Petrov et al. 3P 0.111
BSW 0.121
Block-Halzen 0.114
COMPETE 0.1316

and extrapolate it to t = 0 — needs RP acceptance at small [t| —

25



ILLUSTRATION I: INELASTIC EVENT RATE ~ /V inel
THEORETICAL UNCERTAINTIES in the|T 1+T2 RUNNING SCENARIO ]
TI+T2=T, 31 < |p=omn

Maximally ( +T OR =T), expected signal ~Psignal -~ 0.85-0.95 of Tinel
(depending on the MP- model)

Tinel = Otot — Ol .

RP CMS RP
@ Nina measured by inelastic
detectors T1 and T2 j +T
crectors 1L an [ ‘Double Diffractive’ ] U [ I z U U
@ to suppress background: Tl e »
» primary vertex reconstruction lrlgg-.,r. J ﬂ [ -T =r n ﬂ

with T1 and T2

Inelastic (at least 1 ‘trigger .track’

What is missed then? in+T or -T, no RP info)

—_ =

--------------

multi-gap (DPE)- (very) small



an we measure Tinel , Osp.Opp With high accuracy?

Un-instrumented regions: Totem-CMS M <2.5-3.5GeV
Atlas: M <T7GeV

(Castor)
n = — Intan ‘2}
T T2 , , : , ,
- A Yy = In(«s / m,),An=(2.4-3.1)
3.1 4.7 5.3 65 Vp Can we extrapolate from HM SD ?

W Theoretically unjustified _ o assuming lo/dM? oc 1/M? Pythia Generator

simulated

extrapolated

F B Currently theoretically solid
way to extrapolate HM to IM

single diffraction diffractive
masses M

Loss at low Acceplance | 1
v * . ; lecte
; = single diffraction detectec

(UA4-experience = factor of 2 for M<4 GeV)




A diffractive process is characterized by a large rapidity
gap (LRG), which is caused by t-channel Pomeron exch.

Im

d’o /dMdt|,—

2
Oiotal — Z )JE X
X
High mass diffractive dissociation
2
— |
i E M P
P i = P 'A“ P
- —N 2
PPP-diagram

Low mass diffractive dissociation

introduce diff*® estates ¢,, ¢, (comb" of p,p*,..) which only
undergo “elastic” scattering (Good-\Walker)

J

dual to

N

I
2
&

2

W— S2 ~1/M?2

Screening is very important.
(semi) enhanced absorption ...

(t-dependence I?)

I 9
RA Nmﬁ}wz?sz -1/M3
NP
_\ /“

28
PPR-diagram



To illustrate the size of uncertainties we compare two models.

‘ /5 =T TeV.

(+TOR-T) (+T &-T)

62.8 | 66.1 I 59.3
50.2 (51”‘5‘)' 8.7 {Gl.[]’ 41.8 (42.6)

KMR-2009

V5 =14 TeV] [ 7o

= [ os
915

V. A, Khoze, A. D. Martin and M. G. Ryskin, Phys. Lect. B 679, 56 {2009),
Eur. Phys. J. C60, 249 (2005)

KMR-2009

S. Oscapchenko :arXiv:1010.1869 [hep-ph] SO-2010 29



m Strong dependence of the longitudinal development of

air showers on

®m  Various MC generators are used by the CR community
(some with full resummation of multi-Pomeron graphs)

150

cross section (mb)

50

10° 10° 10"
c.m. energy (GeV)

Figure 1: Model predictions for total. elas-
tic, and inelastic proton-proton cross sections:
QGSIJET-II-4 - solid, QGSJET-II-3 - dashed,
and SIBYLL - dot-dashed. The compilation of
data is from Ref. [17].

—

TTI T
0sp + 0pD

KMR-11

65.2/67.1

6/7.4
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Current theoretical uncertainties ST = 14 TV
AQ
Eot al 5D DD 50 DD DD
& I o r I i A \/ THM Y I THM

Set (A) | 128 A s | 3e2(3ne) | 115 | 206
Set (By | 126 SO 424 (414) | L8 | 250
A, :

) 4 .

Set (C) | 114 | 330 | 104"

| 522 (5.12) 0.47 3.15

KMR-08 | @1.7 | 21.5
GLMM-08 a2 1 | 2102 N\

/ 14.1
0.5 1.28

AN
KP-10 108 @14.3

(A,B,C) S. Ostapchenko, Phys.Rev.D81:114028,2010.
KMR-08: KMR, EPJ C54,199(2008); ibid C60,249 (2009).
GLMM-08: GLMM,EPJ C57,689 (2008).

KP-10 A.B. Kaidalov, M.Poghosyan

LN

Large variation of 55D in the range 5- 10.5 mb

Special ( high £ ) optics is required.
» Pile-up at high instantaneous luminosity.

» The cross-sections are (normally) large, and we do not need high luminosity.

<
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Can we accurately measure diffractive characteristics
with the current forward instrumentation ?

TOTEM -T2 CASTOR ZDC/FwdcCal TOTEM-RP

14m 16 m 140m 147m -220m 420m
IP1
ATLAS ZDC ALFA/RP220
Paendorapidit; AFP

LUCIDy |56 < Inl < 5.9
ALK Inl =83



Hope ;E}@

BUT S 12—y T2 g:

5 g Charged H
*CMS is currently blind between =6.4(CASTOR) ;ﬁ : g particles g
and beam rapidity y, except ZDC (neutrals). T - J_|j  ems Ll—L
*T1+T2 detectors do not cover low-mass Energy flux
diffraction. 5 '

W G.; - TOTEM+CMS 0
Even with common DAQ, we miss a few mb in © o R
inelastic cross section. 0.2

o T I SN =S |
@ 7_5 -5 —Z25 0 25 S Wn

IS THERE A WAY OUT ?

Yes, an addition of Forward Shower Counters around beam pipes at CMS!

(8 FSC per side see showers from particles with | 77| = 7-9)
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20 years ago

A Full Acceptance Detector for the SSC (J.D. Bjorken, SLAC-PUB-5692, 1991)

» In addition the physics at the very lowest mass scales, the log-s physics, has
suffered from lack of attention at energies higher than attained at the CERN ISR.

® The physics of diffractive processes ( Pomeron physics). i.e. physics of
event structure containing “rapidity gaps” ( regions of rapidity into which no
particles are produced), must not be compromised.

- FELIX proposal for LHC- 1997 ( J.Phys.G(28:R117-R215,2002).
(A Full Acceptance Detector at the LHC (FELIX).)

Q Proposal to Extend
ATLAS June 2000

for Luminosity Measurement
and Forward Physics

H. Ahola', M. Battaglia?, O. Bouianov®*!, M. Bouianov®*, G. Forconi?, E. Heijne®,

J. Heino*, V. Khoze®, A. Kiiskinen®”, K. Kurvinen?, L. Lahtinen?, J.W. Lamsa®,

E. Lippmaa®, T. Meinander!, V. Nomokonov*, A. Numminen?, R. Orava®?,

K. Piotrzkowski'®, M. White?, M. Ryyniinen', L. Salmi*7, J. Subbi?, K. Tammi*,

S. Tapprogge?!, T. Taylor® 34



The Compact Muon Solenoid Experiment

CMS Note

Mailing address: CMS CERN, CH- 1211 GENEVA 23, Switzerlan

CMS NOTE-2010/015

s

July 19, 2010
Physics and Beam Monitoring with Forward
Shower Counters (FSC) in CMS

Alan ). Bell, David d

Approved by CMS MB
for Jan-Feb 2011 installation.

“Limited approval™ :
Go ahead without detracting from
necessary shutdown work.

Most value 1s 2011 running

& when <n/x><~5
(Do not expect to use > 2012)

IHEF. Protwi

Aldo Pemeo

| Station 3 (114m) Installed on both sides.
March Technical Stop (28-31.03.11).
Stations 1&?2- to be installed in May
(next Techn. Stop)

Mike Albrow, Fermilab Forward Shower Counters for CMS Manchester Dec 2010



Physics. especially diffractive in no-PileUp interactions
(from Mike Albrow)

(a) As veto mn Level 1 diff. triggers to reduce useless pile-up events.
(b) To detect rapidity gaps in diffractive events (p or no-p).

(c) Measure low mass diffraction and double pomernon exchange.
(d) Measure oq; (1f lumimosity known, e.g. by Van der Meer)

(e) Help establish exclusivity i central exclusive channels

Beam monitoring etc. parallel uses:

(f) To monitor beam halo on mcoming and outgoing beams.

(g) To test forward flux simulations (MARS etc.)

(h) Additional Luminosity monitor.

(1) Info on radiation environment for future (?) proton spectrometers

MORE PHYSICS

LOW COST *3ubyject to support approval by LHC
ZERO RISK*

Mike's priority now - gap+X+gap triggers.
SD measurement requires all counters + low lumi run



What about total inelastic cross section Gpyg;? BNE R MRS e
And total 61op 1f you know 6¢; ?

Can measure rate of totally empty events, P(0) = exp(-<n ;=)
But this misses all the low mass diffraction that give hits
only with || >~ 6, or M <~ 5 GeV/c?

This is many mb!

Nobody can measure oy, directly, only Grgp - Gg; 7

With FSC, P(0) only faked by events with all particles in cracks
(can study with fake cracks) or inefficient regions (small);
and inefficient because of noise (can studv with data).

» We measure the inelastic pp cross section using pile-up (PU)
events:
D (L- o)™
The probability of having ny.,, |p(; )= O Ao
depends on the total o(pp) pileup n. |
I DIS-2011 I cross section. pileup

But still LM- diffraction DANGE
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FSC & others
\

FSC alone

M
=
T

| ¥ I |

Efficiency (%)

¥-9
=]

ZDC alone
20

\

Y —
Mass (GeV)

>4 hits n FSC or > 1 track in HF
or CASTOR or ZDC(min)

Mike Albrow, Fermilab

Forward Shower Counters for CMS

Generated diffractive mass (PYTHIA/PHOIET)

| I%q hlau (diﬂ'rocti.vla system)

10 GeV

as log(M5,), My, in GeV/c2,

cf to calculated from rapidity gap edge:

(a) full n coverage

(b) n < 4.7 (no FSC)
Below 10 GeV/c2 FSC contam most particles
12

Manchester Dec 2010




The FSCs- these are for real ! |

e The installation and commissioning
phase of FSC during the March Technical Stop.

e Main concern- lumi per bunch crossing might be
too high.

What about precise measurement of
so?

Don't hold your breath, Valery.
This certainly needs all the counters and some
low lumi runs (Mike Albrow)
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There are RNown unkRnowns.

#® When the common TOTEM-CMS data taking will happen?

#® When the dedicated runs with special optics (high p* ) will take place ?

®  When the FSC will be fully operational ?

But there may be also unknown unknowns.

~N

It is not clear at the moment if/when CMS can read out T1+T2,
Maybe T1,T2 can be used for veto.

ZDC+HF+Castor +FSC could be sufficient
What the experts think

\_ J
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SUMMARY II
Ninel

# In the ideal world we would need full coverage detectors to make precise measurement.
® T1+T2 detectors could allow to detect about 0.8-0.9 of inelastic events.
® Because of un-instrumented region of low-mass diffraction we miss about 5-11 mb in i, el

We cannot relay on current MC models when attempting to achieve precise extrapolation to the
uncovered regions.

#® With beam energy increasing the un-instrumented region rises, and, thus, the uncertainties.

# Running scenarios with Roman Pot riggers might be beneficial, but this requires

comprehensive studies.

#® Common data taking by CMS and TOTEM + FSC (especially T1,/T2 + ZDC+FCS) will allow to
measure (first time after the ISR) the low-mass SD, and thus, hopefully, to reduce the
uncertainties in the inelastic rate to 1% level.

® ESC could serve as an additional luminosity monitor.

L
L7

. sD ... ) . .. ) -
Otot » Tinel , © = very important physics quantities. Let’'s measure them at the LHC ¢

CR physics, the LHC is above the ‘knee’. 41




IV .Other methods & Related subjects

- ALFA = Absolute Luminosity For ATLAS

Elastic scattering at very small angles

Measure elastic scattering at such small t-values that the cross section
becomes sensitive to the Coulomb amplitude

Effectively a normalization of the luminosity to the exactly
calculable Coulomb amplitude

No total rate measurement and thus no additional detectors near IP necessary

UA4 used this method to determine the luminosity to 2-3 %

RP RP RP RP
N —— T Ty T/ Ty T N
) il { )
e e e e e e e e e o — s —— . — — — . — —_—
RP RP RP RP
[ ALFA can also measure the absolute luminosity using optical ]
theorem method if/when Ptot is known
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T

IS8
Elastic scattering in the Coulomb-Nuclear interference region:

Coulomb -~
ocf Nuclear
oce?! J Measurement program:
Eh'ucmr: 1) start from a well-known

theoretical rate dependence

Perturbative
QCD o £8

2) measure unbiased elastic rate

3) fit luminosity and 3 other free
parameters to dN / df

I |
10° 7] [Gev?]

Main conditions to reach the
Coulomb region |f] < 10 Gey?

dN 2
=~ La|- = + = (i + p ) exp(- blrl f2)
4T

— Detector positions far from IP

- Special beam settings

— Detectors close to beam

L = lumnosity ., o, =total cross section
e=Re f./Im f,(t=0), b =nuclear slope

LHC Lumi Days, Jammary, 2011



For the Future: ALFA

Coulomb nuclear interference
region: a fit of the data here will

Coulomb
give L, Oy p and B

@ Principle: use elastic st (1110

scattering in
Coulomb interference

region to measure

Strong interaction — Nuclear

/ scattering aexp(-B|t|)

d
for o and £ Eﬂ _Perturbative QCD (|t[)
[Tl =11yl
® Use measured £
L] | | | | |
value to calibrate 100 102 10 1 10 ] GoV?
luminosity detectors
to 2-3% ® Technically challenging:
@ Complementary to beam- @ need to measure at 3.5 prad (100)
separation scans with _ from LHC beam:
ﬂgggg:ilﬂﬁ systematic ® Will require special LHC runs at high
B* and low L. > 90m (2011), 2km
(2013+)

"“\I DIS 2011
FErEree ) ‘| 5
= | Lauren Tompkins



Soft photon radiation accompanying elastic pp- scattering

s t if Strong Interaction

P . P’

b — » —

Detection advantages,

R.Orava et al, arXiv:1007.3721 ;
H.Gronquist et gf\qrXiv:1007.3721

"~

2a,, (Pf) dk

3T

,, .
m- k

\2 arge: ~0.18x 103 of Ca
are large: 0.05-0.09 or more

Pp
Cdoy,
dt

— otP Bexp(—B|t|)

but rate low.

¢ Bremsstrahlung photons close to 0 degrees - can be used

for alignment (RP’s, ZDC), luminosity monitoring.

Experience at ee colliders (VEP-I,VEPP-II, ACO, ADONE) and at HERA

2

(0.45- TT-03).

Yinependent way to measure eff. elastic slope B)..

BFK-1966
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Slide from R. Orava- Diffraction 2010

ROAD MAP

* Use luminosity from the W/Z standard candle
measurements or from the beam scan (Van der Meer)
— model-independent way to measure (o,/c,,)

« The ZeroDegreeCalorimeter (ZDC) for detecting the
bremsstrahlung gammas - the Forward Shower Counters

(FSC) to veto backgrounds.

* The set-up of the proposed measurement with k=50-500
GeV and for 3.5 x 3.5 TeV and/or 5 x 5 TeV.
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Triggers and Backgound

Slide from H. Gronquist- ISMD-2010

e To reduce background further, Forward Shower Counters,

° M ain baCkgrou nd CO”S'StS Of FSCs, can be added closely surrounding the beam pipes, at
phOtOﬂS em Itted |n |neaSt|C z € (60,120)m from the interaction point
diffractive events. :
Non-diffractive events constitute

a secondary background.

@ For the chosen energy range
50-500 GeV the
backgound-to-signal ratio is
estimated to be < 5%

[Luminosity, if (7. andB are known ]

a7



Results from simulations

@ According to simulations the probability of detecting a single
photon in the ZDC from radiative elastic scattering is :

TIT2 & FSC Veto

1'% Blastc Evert
v ! gtz Dwere

—
-
-
i " "
X feni

Hanna Grongvist Detecting Elastic pp g by Radiative Photons

48



Why important to study diffraction at the LHC?

The LHC reaches, for the first time, sufficiently HE to distinguish

between the different theoretical asymptotic scenarios for HE interactions.

(currently available data are still not decisive)

Practical interest. Underlying events, triggers, calibration...

In HE pp collisions about 40% of c,,; comes from
diffractive processes, like elastic scatt., SD, DD.

Need to study diffraction to understand the structure
of o,; and the nature of the underlying events which
accompany the sought-after rare hard subprocesses.
(Note the LHC detectors do not have 41 geometry and
do not cover the whole rapidity interval. So minimum-
bias events account for only part of total .. .<tic-)
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Rate of CEP

Evaluation of the survival probabilities of LRG to soft rescattering.
Recall ‘diffractive Higgs’ : pp~>p+H+p and other goodies...

Needed so as to understand the structure of HE
cosmic ray phenomena (e.g. Auger experiment).

LHC energy - above the ‘knee’. Diffraction is important for understanding of air-showers

A.Erlykin & A.Wolfendale-2010

Development Of MC models (LHC data & the origin of the ‘knee’)

Finally, the hope is that a study of diffraction may
allow the construction of a MC which merges “soft”
and "hard” HE hadron interactions in a reliable and

consistent way.

50



V. Overall conclusions

We briefly discussed some most popular methods for ‘indirect’ luminosity determination,

focussing on potential theoretical uncertainties and the ways how to reduce these.

On the theory side there seems to be no showstoppers for the dimuon QED production..
Can be performed during the normal collision data taking.

However the cross section is small , thus problems with keeping small stat. error on Lumi.

Optical theorem approach is a potentially very powerful method for Luminosity Calibration.
However, for a precise measurement of elastic rate we need special optics, while a very

accurate determination of f\/ inej Would require a combination of TOTEM with CMS : kﬁ 7
(in particular, ZDC ) +FSC. More studies needed. ‘

Otot » Tinel , o°F are very important physics quantities. Should be measured at LHC!

(TOTEM +CMS, ALFA)

Further development of theoretical models for HE soft hadron interaction is an important goal
as well as creation of “all purpose” Monte Carlo models, tuned to describe
various features of elastic and diffractive processes and multi-particle production.

51
For first year of operation the LHC precision is surprisingly good. More results to come.









What means special effort?

Calibration runs

i.e calibrate the relative beam monitors of the experiments during
dedicated calibration runs.

Calibration runs with simplified LHC conditions
Reduced intensity
Fewer bunches
No crossing angle
Larger beam size

Simplified conditions that will optimize the condition for an accurate
determination of both the beam sizes (overlap integral) and the bunch
current.

23

54



Luminosity measurements at LHC

Direct Measurements

- Direct measurement of beam parameters - shape, current etc.
- Two methods employed

- Van der Meer scan (ATLAS, CMS, ALICE )

- Beam profiling via beam gas interactions

Indirect Measurements

- Measure the event rate of some theoretically well known process
- Precision determined by:

- The uncertainty on the cross-section prediction

- Expenmental uncertainties (efficiencies etc.)
- Two processes identified at LHCDb for this purpose

- W & Z production (ATLAS, CMS)

- Dimuon production via two photon fusion (CMS)

LHC Lumi Days (1301711}




Determination of the overlap integral ISR-record 1%
(pioneered by Van der Meer @ISR) SR record e

dr Ay %
: 2 9 ':;::’ c(r]r 1
Luminosity with s bz Sy w2 o | oo
separation L P\ ) " \Za, 12 172 | 08825
1 0 |0.7788
1 1 | 0.6065
2 0 | 03579
2 2 |01353
A
Commissioning : :
: ; —
simple, orthogonal 11
x / y scan
2010- CMS,ATLAS,LHCb, ALICE ~11% accuracy , 3-4% in 2011

Main uncertainty: currents in the LHC magnets
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Luminosity from Machine parameters

Luminosity depends exclusively on beam parameters:

Depends on f_, revolution freguency

NZ T n, number of bunches
L= A ™2 N number of particles/bunch
. o* beam size or rather overlap
integral at IP
P s The luminosity is reduced if there is a crossing
1-F (F) angle ( 300 prad )

Luminosity accuracy limited by
extrapolation of o, g, (or & 8,7 §,%) from measurements of beam profiles elsewhere to IF;
knowledge of optics,

Precision in the measurement of the the bunch current
beam-beam effects at IP, effect of crossing angle at IP, ..
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Van der Mer scan

B ny frdi 1y
%Y,

1]

40.77 + (.14

Ficteraves al vrticl | | zaa Py dew of waiod 1) xan
feant e gl iy ] g of oy
b . ﬁ—.l | |+| -I L
s = .
I ! i g ' *niertisr Prgim
Source Uneertainty on . (90)
Beam intensities 10
Lenght seale 2
lmperfect beam centering 2
Transverse emittance changes 3
mat dependence 2
J.i ﬂ.'?ll 11
Algorithm Scan number | #. (mb) | L, (10%em ™51
1 12,15 £ 0,14 G.80 £ 0.08
LUCID event AND 2 12,55 4+ 0.10 1.85 + 0.03
3 1273 +£ 0.10 488 4+ 0.00
1 2063 £ 0,32 G.85 £ 0.06
LUCTD event AND 2 40,70+ 0013 4.8% + 0.01

4.92 £ 0.02




Summary

TOTEM is ready for a first o, , and luminosity measurement in 2011
with p* = 90m using the Optical Theorem.
Expected precision: ~3% in G, . ~4% in L

Wish: start soon with the development of the * = 90m optics to have

enough time for learning.

Desired running conditions: low beam intensity, small RP distance to the beam
Longer term:

Measurement at the 1% level with very-high-p* optics (~1 km);

might give access to the p parameter if the energy is still low ("a"'s ~ 8 TeV):
needs optics development work.

Mario Dwile —

p 16 |



First CDF results-2007

pPp-~pUUp

No backward tracks
Precisely two forward muons. m  >2.5 GeV
No photons

pupp: 67 +- 19 pb| LPAIR (J. Vermaseren) 42 pb

Ronan McNulty, SM@LHC, Durham 11-14 Apnl 2011 60



» Use the full 7TeV 2010 sample collected by CMS (40pb™)

» Restrictto a region of phase-space with well-understood muon systematics,
and above the exclusive yp—Yp—uup region

o prlw) =4 GeV, nlu) < 2.1, m(uu) = 11.5 GeV

. Trigger on two muons with p+(u) > 3 GeV, tight muon reconstruction and
identification as used in CMS W/Z cross-section analyses

« Irigger, muon |D, and tracking efficiencies corrected using control samples of
muons from inclusive J/y— i and Z—uu production

« Muon pair kinematics — require muons be back-to-back in ¢, balanced in p-
o App(uu) < 1.0 GeV
o 1 —|Ad( gy < 0.1

« Require an opening angle <0.95x to suppress cosmic ray muons

CMS PAS FWD-10-005
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Rejection of Proton Dissociative Events

e Don't rely on simulation for cut efficiency and rejection factor

e lUse FSC to discriminate between the three contributions:
(el-el, el-inel and inel-inel)

e Select “no-pileup” events (“empty” detector except for pij1)
o (lassify events as FSC empty both sides, one side or neither
o Compare Ag,, and Pt distributions for three classes

o Measures relative fraction of el-el, el-inel and inel-inel and tests
factorization

o Provides templates for Ag,,,, and jng distributions

Without FSC, precision luminosity measurement
limited by knowledge of cross section for proton
dissociation and associated cut kinematics.




The ATLAS forward detectors

ZDC at 140 m

Tunnal 1-2

IP1

Pseudorapidity |Position (from IP)

LUCID |56<Inl <59 +17m
ZDC Inl » 8.3 + 140 m
ALFA |106< Inl <13.5 + 240 m 6
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L from a fit to the t-spectrum

dN 2
= L#Fy+Fy
dt
.'f 5 - — \\'.
e ‘ L 2(}?0 }2 &ZpPa € i s O-.fiz (1 * 102 )g i
.\ ‘f‘z r| 167 (he ¥ p
<105 Simulating 10 M events,
<o running 100 hrs
< b fit range 0.00055-0.055
Z +
=5000 + i — = reconstructed spectrum input fit error correlation
4
4000 ; ——  L-fit L 8.10 10: $.151 102 1.77%
[ 101.5 mb 101.14 mb 0.9% -99%
3000
B 13 Gev: 17.93 Gev: 035 57%
2000 }
P 0.15 0.143 4.3% 9%
1000
p large stat.correlation between

| L and other parameters ks

= AL/L~3% seems to be possible 64

LHC Lumi Days. January, 2011




