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A total cross section /1, of proton -proton interaction

A rising /1.,, Regge model, pomeron

A measurements of /1, by
A ATLAS ALFAt Absolute Luminosity For ATLAS, new arXiv:1607.06605, submitted to Phys. Lett. B

and
A TOTEM- TOTal cross-section, Elastic scattering and diffraction dissociation Measurement the LHC: dedicated experiment

and their comparison

A inelastic cross section /1., at LHC including measurements at 13 TeV by
A ATLASnew arXiv:1606.02625, submitted to Phys. Rev. Lett.

and
A CMS

and their comparison with results of ALICE, LHCband TOTEM

A outlook
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total cross section Jl, of proton -proton interaction

proton - (anti)proton cross sections

A N, of p-p interaction is a fundamental quantity giving the upper 10 e
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rising Jl.,, Regge model, pomeron

A using optical theorem and Regge theory we can write for a process
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generators to describe kinematic area where the QCD cannot be applied
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QCD;Regge model is used in HEP




measurement of total cross section Jl,
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ways of measurement of Ji,

A direct (+independent) measurement of = Nyy, /L, where . diffmcnon?\---h"é
N,o: IS total number of events with interaction, L is luminosity, IS PR S
nontrivial (due to limited acceptance , model dependence)

\\p‘\ - /{,/5—;
tot — e|+ inel double diffraction JK‘
inel — ‘ inel diffractive(‘ SD+ ‘ DD+ X0- nJﬂ diffractive

Double
- _ _ Pomeron " )JL]P =
A traditional way (ISR)of /1,, measurement * via elastic Exchange J\Pk_l
cross section measurement and the use of optical theorem e
heref,,is elastic amplitud .
Oior = 4T Im[fcl(t — 0)] whereft, IS elastic amplituae Eiﬁggge S Ef
=
o2 — 167 1 (de) - Re f(0) luminosity dependent measurement,
Y142 L\ dt ), [m f(0) N, - number of events of X(el, tot,inelz X0 &
Tiot = 167 (dNei/dt)i=o luminosity independent measurement
ot 2
L+p Niot
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elastic differential rate

dN, o :
A to establish ( 7 1) we need to measure distribution covering very small angles
t=0

A appropriate accelerator optics: separation of elastically scattered protons from beam & beam
halo, a small divergence of the beams at interaction point, monoenergetic beam, knowledge
of the optics, knowl ec - ‘ :
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NBomanPot = N /Y __m M
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fit

for anillustration, fromATLAS ALFHFDRCERN/LHCC 2008

ATLAS ALFA method 1000 T T T | T T T | T T T | T T T T | T T T T T T
dU‘e| 1 iy 2 = _
— ¢(f)| = |
de  l6r |fN (1) + Jeln)e % 800 |- B = 18GeV’, 6, =100mb |
SO p=0.15 |
coulomb amplitude ., e p=
G2(1) L 0, 020 -
fe(t) = —8mahc 7] 600 |- .
nuclear amplitude . Coulomb Nuclear|nterference(CN) region
Trot ,-BIt1/2 i
ING@) = (P+1) il 400 |-
hase -
bna B|r| _
d)(f) — - 111 - (f)( 200 _
proton form factor Pythia 8- values — | |  ALPAIif [0.014¢0.1]
2 0.14 0 ——
A P ,
G (T) _ A 0.71 GeV?2 0 0.005 0.01 0.015 0.02 O.OZtS[G ‘;]2.3]3
A+ i e 0.577 e
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do,, /dt [mb/GeV?]

(Fit-data)/data

arXiv:1607.06605

Tior [mb]

" * Subtraction Local angle Lattice Local subtraction
A _FA flt reSUIt’ 8 Tev’ I o 90 m Total cross section [ 96.07 96.52 96.56 96.58
10° —— Statistical error 0.18 0.15 0.16 0.15
- 400 _+ ] Experimental error 0.85 0.94 0.88 0.89
- ATLAS 350 £ Extrapolation error 0.31 0.42 0.23 0.23
i . 100 | ' Total error L 092 ) 0.98 0.93 0.93
's=8 TeV, 500ub o0 E
10° 200 f Tt = 96.07 £0.18 (stat.) £ 0.85 (exp.) £ 0.31 (extr.) mb
- ® 150 |
B [ 3 1 N L1
- e, 002 004 o008 |Oel = 2433 +£0.04 (stat.) £0.39 (syst.) mb
B n both - nuclear part
10 ©® 2012 data L final result based on subtraction method
- L 4
- t. £ L 2
- Elastic fit . E [GeV"j]
i hd Subtraction Local angle Lattice Local subtraction
- Nuclear slope 19.74 19.83 19.87 19.88
U= hd Statistical error 0.05 0.05 0.05 0.04
~ ‘ Experimental error 0.16 0.18 0.16 0.17
B —— Extrapolation error 0.15 0.17 0.14 0.15
0.1 :_I. ] | ! ! | | 1 | ! ! | | ! ! | 1 1 | 1 ! | ! ! ! | 1 [ | 1 1 | ! | | 1 @ Total crr(}r L 023 J 0'26 0'22 0_23
0.08 é_\ 5, AN LN \\\ E
= Y AP APARIARI AN 5 _ —
00y g Tommlerrer Seeceete,et N B =19.74 +0.05 (stat.) + 0.23 (syst.) GeV >
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 _
-t[GeV?]  Fitrange set to 0.014-0.1 GeV2 where acceptance > 10% and non
exponential terms expected to be negligible (<0.1)
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TOTEMIumi independent:
Phys. Rev. Lett. 111, 012001 (2013)
3t = (101.7+2.9) mb
3. = (27.1+1.4)mb
0 ATLAS & TOTEM 1s=8TeV
10 102 10° 10*
\s [GeV]
- 7Tev
TOTEMIumi dependent :
! 1 _ e
ATLAS & TOTEM \s=7TeV ATLAS & TOTEM \s=7TeV 3, = (98.3£2.8)mb EPL 96 (2011) 21002 . TOTEM
3t =(98.6+2.2)mb EPL 101(2011) 21002 sl. 12 more
—— Luminosity-dependent - Luminosity-dependent measurements
TOTEMIumi independent
TOTEM S — Luminosityfindependem — Luminosity-independent 3tot = (980i’ 25) mb EPL 101(2013) 21004
. —0— -
——m— peindependent ——m—  p-independent TOTEMMWindependent : ATLAS
3t =(99.1+ 4.3)mb EPL101(2013) 21004
ATLAS —— Luminosity-dependent —— Luminosity-dependent ATLASIumi dependent :
Nuclear Physics, B (2014) 889
PR R PRI R B [ M P P PPN PRI AR TR 31012(95.3511.36)”][3 i BRI BT AT SR SR ol b b b b b Ly
8 90 fss 1 100 105 110 115 241 26 28 30 32 34 3, =(9535% 0.6) mb 96 98 100 102 104 22 23 24 25 26 27 28 29 30
O lop— X)[mb] o (pp— pp)[mb]
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fitting ATLAS ALFA data with other models

Tiot [Mb] Model

Nominal 96.07+£0.86 fn(t) = (p+1) _tme Bt/2

Ct* 96.16 £ 0.80  fn(t) = (p+1) % %t —Bt/2-Ct*/2

o/—f 96404+ 0.80 fx(t) = (p+1) Uh— —Bt/2—c/2(\ A2 —t=2p) | —
SVM  96.16 £0.80 fx(t) = pZate=Brt/2 4 o o= Bit/2

BP 06.81 +0.95 fu(t) =i lG2(t)me—Bt/2 T ew\/@—m/z]

BSW 96.67 4+ 0.99 Refel(t) = C1 (tl 4 t)e_blt/g : Imfel(t) = ¢ (t2 + t)e—blt/Q

RMS of models 0.28b, simple model 0.3inb -> all looks mutually consistent
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ref = 527.1¢~19-39¥

do /dr — ref

non exp.fit for elastic differential cross section

N,=2:0,,=(101.5+2.1)mp STV *=90m

N, = (101.9+2.1) mb

TOTEM<= simple exponential model excluded
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T -0.02
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fl [GeV?]

0.2

do do Nb
—(t) = — ex b t'
#0=3|_ = ;

non exp. fit for elastic differential cross secti@rCNleffect

bl o6 OSyY (i N} £ 0 102.9+2.3)mb
bl 06 LIS NA LOK S NJE3.0+2.3)mb

8 TeVi *= 1 km

central, peripherat, profile function shape in impact parameter space, depending on used nuclear phase r

Nuclear Physics B 899 (2015) 527-546
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analysis technique £ common steps

/1) 0— < )

2)

o J

1) establish integrated luminosity = 0 Q0

2) Inthe same period measure a number of interactions N, e.g. via measuringa minimum
energy deposition in a detector ( Minimum Bias Trigger Scintillator for ATLAS, Hadron
Forward CALorimeter & Centauro And STrange Object Research for CMS)

3) correct for detection efficiency -

4) correct for the possibility of having more than one interaction per bunch crossing, i.e.
pileup, F,,
L O

" T 000

>V
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[

O (green), 0j,. (blue) and oy (red)

Vs = 7 TeV
CTinel = 66.9C73.7 mb

situation before 13 TeV measurements

140 L 20 0L B K/ l’ L) L) L) LA V] L) | Al 1) Ty
- &  pp(FDG) /—« iy ATLAS ’ \5=7TeV
v pp(PDG) | + added measurementEsI .
lauber) / i —-— asticonly  EPIl 101(2013) 21004
120 0 Auger (+Glaube B ’ ] TOTEM - Lumi-independenEP 1| 101 (2013) 21002
110 %« ALICE / 4 — = pindependent EPL101 (2013) 21003
4 ATLAS (ALFA) | . ——— LHCb JHEP 02 (2015) 129
100 )| k- ALICE —————o Eur. Phys. J.C 73(2013) 2456
b CHS 3 ——e—— CMS Phys. Lett. 8722 (2013) 5
90 ¢ TOTEM (C mdep‘) - % " . MinBias Nature Cgmmun. 2 (2011) 46
80 best COMPETE oy fits L ’ 1 ATLAS - Elastc Nuclear Physics, B (2014) 889
- ===11.7 - 1.59Ins + 0.134In’ s V’ E 60 85 70 75 80 85 90
70 s ” T O neiasicPP— X)[mb]
0 - 1 1| Vs=8Tev
50 1 e —747+17mb TOTEM
i - 2. PR -~ 1 0,,=71.78£0.71mb| ATLAS ALFA
I ot o 1
- o= ,‘ s K
— ('l'l S - - - —
20 [ P - | —a—  TOTEM
111 L o Phys. Rev. Lett. 111, 012001 (2013)
Gty o = e = O = T T |
0 L L A | X l L ' L R ek R l A L A (Sl w el l ' A ' ok R R A
10! 102 10° 104 10° o ATLAS
: g g . Xiv:1607.
Dependences of total, inelastic and elastic cross-sections Vs [GeV] arxiv:1607.06605
on the scattering energy vs EPL 101 (2013) 21004
PhyS.ReV‘Lett.11]'o12001 (2013) IS TS AT AP RS AT BT
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ATLASx /L at 13 TeV arxiv:1606.02625

A MBTS+ significantly upgraded for LHC RUN II

A 2 cm thick discsin front of forward calorimeters, made of
highly efficient polystyrene scintillator

A trigger requires signal at least in one MBTS counter

A inclusive selection - at least 2 of 24 MBTS counters have
to collect charge above the threshold
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Normalized

ATLAS= fiducial cut & diffractive enhancement

Tlmin

MBTS acceptance dependson My, required acceptance > 50% -> M, >13 GeV &, M, My ji 10°

uncertainty on extrapolation to full cross -section given by variations of model >Xdependencies

0.07 A I I I IS I = L B B B L B B B UL L i .
| —— Pythia8 Monash Pyias DL, £-0.10 | B pmesvonssn Pylhias MBR try to minimizethe impact of physics
0.06 —. —— Pythia8 A2~ Pythiag MBR - gY :_ —— Pythia8 A2 e Pythia8 DL, £=0.060 ; i ithi i i
_I: - Pythia8 DL/2X0.060 - Pythia8 DL, e=0.085,a’=0.35 S === Pythiag DL, £=0.085 - Pythia8 DL, £=0.085, ¢'=0.35 m|3m0del|n9N|th|n the fldUC|aI range
0051 - pythics DL@o.oas £POS LHC 1 004 . pynias DL e-0.10 £POS LHC of the measurement by constraining
0'04;% " QGSJET-I ATLASl S.imulation _f :: === QGSJET-II ATLASl Sfmulation the fraction Of diﬁractiveevents
Sl SD Variations, 1s=13 TeV ] 0.03( DD Variations, \s=13 TeV
0.03 E_ '_i‘il N il o Tl
002;[; R we get diffractiveenhancedsample by
Vep 1 a : IS .. . . . C
0_01;; L B requiring hits in only one side of MBT
gél 7 ‘—6‘ N I—5I T -3 -2 -1 k% QB =1 4
log. (&) a(t) = +a't

Reggdrajectory
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ATLAS* mc tuning and fiducial J1

Number of events in single-sided sample A R..depends on diffractive fraction fy [l (Nsgt/pp)/ /T

RSS = - . .
Number of events in inclusive sample A Rssin data = 10.4+ 0.5%
2 11— A for each generator/tune, ftuned to match Rssmeasured in data
N Data 2015 N .
©0.18F | ATLAS = e.g fy(Pythia DL) = 25%
. —@— Pythia8 SS s=13 TeV. L=60.1ub" =7 D
C --m- Pythia8 DL, £=0.085 ST 12 1€V, LTOUIHD 2T after the tuning
0'16__"""‘ PythlaSDL,EZOOBO ".\"."’“ ] P —— — EE L o B B B B L L B B B
- Pythia8 DL, £=0.10 a2 1 42 [—— e —— Pythiag S8 1 &g [ Das —— Pythia8 S5
0.14— ... Pythia8 MBR “‘,’.o c.’_é . Pythia8 DL, £ =006 - Pythia8 DL, ¢ = 0.085 Plg "t Pythia8 DL, e =006 -~ Pythia8 DL, & =0.085 i
- ——— EPOSLHC ,\.*"k ol - Pythia8 DL, £ =0.10 -~ MBR o ° 1o Pythiag DL, £ =0.10 -~~~ |
012 .. A~ QGSJET-II aﬁ"’ =] ~—— EPOS LHC - QGSJET-I EPOS LHC =
L ] 10’1_— ]
0.1~ ~ :
0.08 — T ATLAS s
B - 13 TeV, 60.1 ub”' 13 TeV, 60.1ub" 7
- 4 Single-sided selection Inclusive selection _|
0.06__ ] % } } TR % ‘l..\H|—
: ] =]
0.04= — -
0.1 015 0.2 0.95 0.3 0.35 04 . i : ; J ; L T R a7
f Myets Mugts
D "
. N —Npe |- -6
Factor Value | Rel. uncertainty ”-!]d‘l (E > ]{}_6) = BG 4 f_f-::lﬂ ,
Number of events passing the inclusive selection (N) | 4159074 — tnet \* Erig X L Egel
Number of background events (Npg) 51187 +50%
Integrated luminosity [pb~!] (£) 60.1 +1.9% fid
Trigger efficiency (€gig) 99.7% +0.3% . —
MC correction factor (Cnic) 99.3% +0.5% ﬂr]l’]ﬂ] 68' 1 + 06 (exp) + 1 3 (lum) mb
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| L L L I B R R
ATLAS Vs =13 TeV, 60.1ub”
ATLAS=* extrapolated i,
Data —H—|—
Pythia8 DL £=0.06 [ ] MC 6
Pythiag DL £=0.085 ° - __fid 7 TeV —6 ag (é: <1 0_ )
Pythiag DL £=0.10 ° Tinel = O-i“el to (6 < 5 % 10 ) % O'7 TevV, MC (E < 5 X 1 0_6)
Pythia8 SS ° -
EPOS LHC o 3 :I 1 l|||||| I | I |||||| | I I |||||| I I IIIIIII | I |
QGSJET-I ° é 100k e ATLAS (MBTS) — Pythia 8 £
S S S O = - m ATLAS (ALFA) --- EPOS LHC 4]
? > " " ¢ 90 v TOTEM --- QGSJET-I E
Gipe(&>10°) [mb] E, & ALICE =
e A I A 80 - o LHCb =
ATLAS Vs =13 TeV, 60.1ub” 70E o Auger =
- e pp (non-LHC) =
Data @1 60 E (@] pﬁ _:
Kopeliovich et. al [40] ® E E
Menon et. al [41] ® 50 :_ _:
Khoze et. al [42] o 4 O :_ %D T T T —_
Gotsman et. al [43] ® E Oooa L] ¥ - i E
Fagundes et. al [44] o 30 :_ w b “ ok RETT __;
Shabelski and Shuvaev [45] [ = 65 13
PN N S T N NN NN SN SN SR T AN SN SN SR AN SR S ST SR S S 20 E A TLAS 7OIOO SOIOO 90:30 10(;00 1 1(;00 120IOO 130IOO E
65 70 75 80 85 | 1 IIIIlII 1 | lIIIII| 1 1 IIllIII 1 | IIIIII| | 1 L1 1 i
G ey (M) 10 10° 10° 10*

\s [GeV]

Tinel = 79.3 £0.6 (exp.) £ 1.3 (lum.) 2.5 (extrap.) mb
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IPS

IPS

CMS= forward detectors and [l at 13 TeV  cwspasFsaisoos

[ mense

TOTEM
T1 and T2 are used
to detect charged particle in inelastic events

Hadronic Forward CACM3
3.152 < |n| < 5.205

] Roman Pots detect elastic
and diffractive protons close
to outgoing beam

S \ Zam= immmamar] 10s|n| s12
~om T - [CASTOR cMS)
3.1<|n| <4.7 —6.6 <n < —-5.2
5.3<]|n| <6.5

Q1 Q2 Q3 . TAN D2 Q4 Q5 Q6

TAS i !J ulm min H _

% |_"5‘_||7“5‘.|_| e Hﬂﬂ Z
U UL LU i it :
>
~220m
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CMS HFCAL and CASTOR

HFCAL

A 18 iron azimuthal wedges, with embedded quartz
fibers running along the beam direction

A eachwedge is subdivided into 13 pseudorapidity
segments (towers)

CASTOR

A tungsten and quartz layers, 14.385m from IP

A segmented in 16-sectors and 14 z-modules, in
total 224 cells.

A CASTORwas only partially included in the
detector setup during the run periods
considered in this analysis
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CMS=runs conditions and systematics

,,,,,,,

] =
-

B=38T
Run Purity Pileup Particle level
(%) (%)  cross section (mb)
&>10"°
254989 | 98.54 52.29 65.60 -+ 0.05
255019 | 99.18 53.72 65.89 1+ 0.04
255029 | 99.25 53.95 65.74 + 0.04
B=0T
Run Purity Pileup Particle level
(%) (%) cross section (mb)
Ex >10"7or &y > 107°
247324 | 98.53 5.14 67.08 1 0.46
247920 | 98.85 34.18 66.84 + 0.07
247934 | 98.78 31.99 66.84 + 0.09
3-August-16

2 2
oX = % Jy = % ¢ = max(¢x, ¢y)
systematics o(&>10"°) o(éx > 107 orgy > 1079
(mb) (mb)
Model dependence 0.66 0.38
HF energy scale uncertainty 0.34 0.13
CASTOR energy scale uncertainty - 0.04
CASTOR alignment - 0.03
Run-to-run variation 0.15 0.14
Total 0.76 0.44
Luminosity 1.78 1.96
g+ fraction of selected stable -particle level
events that ful &vkeltbé Qdat
~ Nint(1 — bg) selection criteria
€ I Ldt bg+the contamination = fraction of detector -level

o f Qiseleeted events that are not part of the
considered stable -particle level phase space

domain
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CMS+ /1, at 13 TeV

100 CMS Preliminary 13 TeV
— - O CMS O ATLAS ® EPOS LHC 6
E o5 o (& >107°) =65.8+£0.8 (exp.) £ 1.8 (lum.) mb
o : QGSJETII-04 A PHOJET V¥ P6Z2*
90 2 P8Monash13 ¢ P8 DL & P8 MBR B B
= 5 : ATLAS G(gx)]g ?Oré}f}]O 6):
85 . updated value
80 = A A o [ 66.9+0.4 (exp.) =2.0 (lum.) mb
- AV O /‘
75F A ¢
= fi\.v __ ATLAS o i (/
70[- N ﬁ“"d?te" vale ¢ | Oinel = 71.34+0.5 (exp.) £2.1 (lum.) +2.7 (ext.) mb
65F E:J 4 [I] S
é > 10‘6 E"X > 10-? or E"Y > 10-6 Cinel

measured cross section is significantly lower than predicted by models for hadronic scattering and ATLAS
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outlook

ATLAS ALFA

A ongoing analysis of 8 TeV data for | “= 1 km *cross sections, B and rho parameters

A measurement covering CNI region for | “= 2500 m at 13 TeV, fall of 2016 + planned 1 week of
data taking

TOTEM

A ongoing cross sections analyses at2.76 TeVfor | "= 11m and at 13 TeVfor | "= 90 m

A a new publication in preparation for | *= 1 km, confirming the previously obtained results by
TOTEM

A measurement covering CNI region for | “= 2500 m at 13 TeV *cross sections, rho measurement,
common week with ALFA

A search for oderon

LHCb
A inelastic cross section at 13 TeV, end of 2016
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outlook

Aunderstanding of differences: ALFA vs TOTEM,
and

A measurements at 1FeV
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optics

A no sextupoles between IP and RPs->
movement in wand Uplanes independent

A elastic proton (no dispersion), deflected in the

IP from a vertex position « under an angle [
arrives to detector

W W (M, M
() Mo () Mo (o
A in case of parallel to point optics
o A EE

l.e. the scattering angle

oo

o nJ
can be directly written as function of

and

|

: EasyTracker - c1_S0alfa2wiss B =

Easy Tracket beam 1 T komarek

— W | =B '

[ Edit particles
| Add new Drift spece

| Add new Quadrupole

| Add new Rect Dipale

| Add new secz Digale |
| Add new VKicker

| clearbeamine |

e

I I IIIIII
...

| export partice dota |

(0] 20 30 3 50 5 70 50 50 To 10 120 130 140

260 270 280

t-
g- —

207

-30F

Fane

10000

o beam width: \/&B, €: beam emittance

10 1520 25 0

x Imml

o beam angular divergence: /¢/B |
o luminosity oc (beam width at IP) 2 x
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X [mm]

B* = 90 m (special for TOTEM)
Lx~0, Ly~260m, Dxy=4cm
diffractive protons in vertical RPs

J.KeD LJIQNDat CosmicEnergies; VII., 2016

27



event selection

both TOTEM and ALFA have the same event selection logic although technically differently realized

ALFA

A Lvl1 elastic trigger

A good LBs based on data quality
A geometrical cuts

A elastics selections

3-August-16
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background

ways to estimate the irreducible background under
the elastic peak:

A counting events in the anti -golden configuration,
can also be used to get a t-spectrum for
background events for subtraction znominal
method for ALFA

A reconstructing the vertex distribution in x
through the lattice, where background appears
iIn non Gaussian tails, fraction estimated with
background templates obtained from data *
nominal for systematics ALFA, nominal TOTEM)

A TOTEMuses the non-colliding bunches to
estimate the level of beam -gas background for
the measurement of the inelastic rate
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Acceptance

Relative error  Relative error

acceptance, purity & migration

dog _ 1 o M7 [N; — B;] where Ut. is width of the i-th bin, M® represents the unfolding
dr;  At;  A; X € x €rig x €PAQ x [, procedure applied to the background -subtracted number of
events N B, A is the acceptance,T " is the event
07 e e reconstruction efficiency, T U9 is the trigger efficiency ,f PAQis
o6 I = the dead-time correction and L., is the integrated luminosity
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Ratio after/before unfolding

unfolding

Iterative dynamically stabilized unfolding used, cross-checked with bin-by-bin and singular
value decomposition methods, unfolding impact for subtraction method is very small
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-weight the simulation. The data -

driven closure test consists of the comparison of the unfolded modified reconstruction level
spectrum with the modified particle level spectrum.
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reconstruction & reco efficiency

subtraction

local angle

lattice

I\I3/4
reco eff: fully data-driven method, using a tag -

and-probe approach exploiting elastic back -to -
back topology and high trigger efficiency
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