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Outlook:

- Elastic, inelastic and total pp cross section

= Study of the elastic scattering in the Nuclear-Coulomb interference region

= Results on diffractive cross sections

2 Very forward pp dN_ /dn



The TOTEM experiment

Physics programme in LHC RUN1:

» Measure the total pp cross section with a precision of about 2%.
> Study the elastic pp cross section over a wide range of the pp 4-momentum transfer |t|.
> Studies on diffractive processes and forward multiplicities.

Experimental layout in LHC RUN1 (symmetrically placed with respect to IP5):
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Proton transport and optics matching

»Reconstruction of proton kinematics needs an excellent understanding of the LHC optics.
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LHC magnet lattice = accelator optics

> A novel method of optics evaluation is proposed which exploits kinematical distributions of elastically

scattered protons observed in the Roman Pots [CERN-PH-EP-2014-066 ].

Improvement at f*=3.5m
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»Method of fundamental importance also for the improvement of the high-" results.



http://cds.cern.ch/record/1693528/

Elastic scattering results: 5:10°<|t| <2.5 GeV’@ 7 TeV
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Elastic scattering results: 5:10°<|t]| <0.45 GeV* @ 7 TeV

Jdt [mb/GeV?

dag)

> Elastic analysis performed in a wide range of |t|, with different beam conditions
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Data are fitted with a single
exponential slope in the
range: 0.005< |t]| <0.2 GeV?

i |f|1mn 5-1072 GeV?
1[}1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 -
5 5 2
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A (mb/GeV?):
506.4 +23%yst+ () Ostat
503+26.755t+ 1 Gstat

B (GeV?):
19.89+0.27%5+0.03%% (5 10°< | t| <0.2 GeV?)
20.1+0.3%+0.25" (210% <|t| < 0.33 GeV?)

0 (Luminosity dependent):

25.43+1.07%+0.03%*"*mb (91% measured)
24.8+1.2%+0.2%  mb (67% measured)
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Inelastic pp cross section measurement @ 7 TeV: (EPL, 101 (2013) 21003)

N9
® Luminosity dependent inelastic cross section obtained triggering with T2: | Ornel, T2vis = E_
int

® Cross section for events with at least a stable particle in the T2 acceptance:

(mb): 69.7 = 0.1stat = 0.7syst = 2.8lumi

Inel, T2 vis

® Cross section for events with at least a stable particle with |n|<6.5:

Inel, [n]<6.5 (mb): 70.5 + O.1stat + 0.8syst *+ 2.8lumi

Correction siges:

~1.6% ~ 0.35% rap-gap ~ 0.35%
[
T T1 T2 T2 Tl T1 | T2 2 Tl 1 T2
"N e "
Track in T1 (& T2 empty) Rapidity gap in T2 for 1-arm events Central diffraction (T1,T2 empty)

® Correction for events having particles only at |1|>6.5: 4.2% * 2.1% (syst):

o (mb): 73.74 = 0.09stat = 1.74syst + 2.95lumi

QGSJET- 11-03/11-04 predict a low mass (M<3.4 GeV/c?) diffractive cross section compatible with the TOTEM measurements 6



Total cross section @ 7 TeV

EPL 101 (2013) 21004

elastic observables only:
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Elastic, inelastic and total cross section @ 8 TeV

B* RP approach |t| range el. events publication
1000 m 3orl0o 0.0006 to 0.2 GeV? 352k Work Ongoing
90m | 6to9.50 | 0.01t00.3GevZ | 0.68M |PRL111 (2013)
90 m 9.50 0.02 to 1.4 GeV? 7.2 M Work Ongoing
> 103 full |t|-range Elastic, Inelastic, Total cross-sections
% A f*=1000m all measured “luminosity-independent”
é v " =90m, low statistics Systematic uncertainty
= 102 3 —— stat. & syst. uncert. Quantity Value el. t-dep el. norm inel P = full
S - B 5 =90m, high statistics | oy (mb) 101.7 +1.8 +1.4 19 %02 =29
5 - 7, (mb) 747 +1.2 +0.6 +09  #01 =17
10! 5 0y (mb) 27.1 +(.5 +0.7 0 01 =14
: 1 ou/ow (%) 362 +0.2 +0.7 +0.9 = +11
- . S 1 ou/on %) 266 +0.1 +0.4 +0.5 = +0.6
- dip+bump well visible in .
109 & the high-statistics p*= 90 m data
: E Results obtained with the standard exponential
— i extrapolation (90% of the elastics is visible):
10_1 I I SR NN RO N E T M N S dN4 _ dN4 LBl
0 0.3 0.6 0.9 12 15 dr dr |-
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TOTEM 6,0 and C.or @ 7 and 8 TeV )
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\LTOTEIVI
Coulomb-nuclear interference at 8 TeV [

C ??
A data fit at /5 = 8 TeV |
3 .
10 TOTEM data Dedicated run with f° = 1000 m:
Coulomb standalone Elastic scattering measurement

I hadronic standalone down to [t| ~ 6-10™ GeV”

Coulomb and hadronic combined

do/dt (mb/GeV?)

=2 Observed Coulomb-nuclear interference

do C+H |2
gF < AT

A = interference formula( A€, AM)

Coulomb-hadronic interference

0 0.005 0.01 0.015 0.02
[t (GeV?)

Fits of do_ /dt in this region with several models are ongoing and will allow TOTEM to:
® Access to the hadronic phase, validate the models describing the Coulomb/Hadronic interference.
e Make constraints on the p parameter, furthermore improving the ¢___ measurements.

Oégtjclear) ~ %Agluclear(t =0) < ‘

10
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Coulomb-nuclear interference at 8 TeV

P> Coulomb amplitude: known
C+N : C N w
= interference formula(A~,
A (A~ A7) Nuclear amplitude module: constrained with $*=90m data (|t|>2-10?) and
L ——®» modeled with maximum 3 parameters: exp(b t+b t*+b )

Nuclear amplitude phase: weak data constraints, test of different theoretical models
Interference formula tested with data:

Kundrat-Lokajicek (KL) [Z. Phys. C63 (1994) 619-630] (No A" limitations)
Simplified West-Yennie (SWY) [Phys. Rev. 172 (1968) 1413-1422]
(only compatible with constant phase and purely exponential modulus)

DATASETS
2 o " [1000°0b-3-4] = M " [1000-0b3-4.90-Ds4-0b
i - p*=90m
I 0005 [y b i EFEH & j DL05 | _
= & = [ L
_ ++¢ ' ; { + + 1
0 i e i i OF—==-——--- i44T+r—rr;:;j—r;1—r1—L#—* ——————————
005 HE el e —0.05 —
ot~ 6-10% GeV? ! - ot ~ 2102 GeV?
! e data sample: 0.3M ! - e data sample: >7M
P Rl A R S R B C e
1 0.05 0.1 0.15 0.2 1o 0.05 0.1 0.15 0.2
[t| (GeV?)

[t (GeV?)

To constrain the nuclear phase and the interference formula as much as possible, a joint analysis of both
dataset with different LHC optics is ongoing
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Precise fits of the nuclear amplitude module at 8 TeV

DS4

1.06

—
[en)
=

do/dt normalised to stat. exp fit.
o
[9%)

0.99

098

do /dt — ref

O. 05 T T T T T T T T T

519.5—19-38|H]

ref

diagonals combined
« data (binning ob)
| statistical uncertainties

systematic uncertainty band: analysis+normalisation

ref

systematic uncertainty band: analysis only

Ny
fit parametrisation: a exp( Y, but")
n=1

fits with statistical and systematic uncertainties:

Np = 1: x2/ndf = 117.5/28 = 4.198 = p-value = 6.14 x 10~ 13, significance = 7.20 &
Np=2: x?/ndf = 29.3/27 = 1.085 = p-value = 3.47 x 10—, significance = 0.94 ¢

Np=3: x2/ndf = 25.5/26 = 0.980 = p-value = 4.92 x 10~ 1, significance = 0.69 ¢

_0'05 L L L | L L L L | L L | L L
0 0.05 0.1 0.15 0.2
It (GeV?)
doldt fits, stat. and sys. unc. combined
Ae®™, y2/NDF =5.9/7 =0.85,
Ae®* y2 | NDF = 73.8/ 16 = 4.61, CL=2.2¢-09 (5.9 sigmas)
A, 42 NDF = 11.6 /15 = 0.77, Pure exponential excluded with >7¢ significance
Ae™T™" 1t INDF =7.5/14=0.54, > SWY interference formula ruled out
‘ > Reduced number of models for p determination
A | Preliminary
determination of
= (101.4 = 2.0) mb
L]
| | | | | | | ‘ | | ‘ | |
0.05 0.1 0.15 0.2 0.25 0.3
- [GeV?]
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. . o O 1T EIVi}
Soft Double Diffractive cross section (7 TeV) Phys. Rev. Lett. 111, 262001 & !)_
’ Si2)
\

Aim: Measurement of soft double diffractive cross section with particle n__ visible %
in TOTEM T2 (4.7<|n__[<6.5). — |06, (N _ |) for 3.4 <M < 8 GeV

n=4.7

N=6.5

® 12
IP

Event selection: Trigger with T2, at least one track in both T2 hemispheres , no tracks in T1.

12

Results from 7 TeV data: MC predictions:
O'DD(4.7<‘nml-n‘<6.S) =120+ 25” b AT >5.9 | -5.95m . >-6.5
O DD Tefpal<6.5) = 159 pb 4.7<0,:<5.9 | 70 b 37 b
5.9<n..<6.5 | 35 b 17 b
-4.7>n,,:..>-5.9 | -5.9>n,,.>-6.5
e e
4.77<M i, <5.9 | 6619 pb 2744 ub
470, >-59 | -5.95m,,>6.5
5.9<1,;,<6.5 | 28+5 pb 1244 pb O pp(a 1 6s) = 101 Hb 47<n,,<5.9 | 44 b 23 b
5.9<n,:<6.5 | 23 b 12 b

e 6 uncertainty dominated by migrations from generator __ to track reconstructed n__

13
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Soft Single Diffractive cross section (7 TeV)

Low mass SD: Very High mass SD:
Tracks in the T2 hemisphere opposite Tracks in the same T2 hemisphere
to the proton (2 *107 <€< 10°) of the proton (§ > 2.5%)
¢ Rapidity Gap ¢ Rapidity Gap
P An=-ng MX2=¢S ® An=-nE MX2=E.AS
i n
sector 45 IP sector 56 \ sector 45 IP sector 56
RP T2 T2 RP &=Ap/p RP T2 T2 RP
' y© '\
B R = A R N N
> SD events triggered with T2, only 1 proton required in the RPs
> M obtained from the rapidity gap estimation based on charged track in T1 and T2:
M?= In(An). This allows a better & resolution (c(§)/§~1) for low-medium mass.
> SD experimentally classified into 4 categories, based on the rapidity gap:
SD class Inelastic telescopes configuration Mass ¢
Low Mass p + T2 opposite only (no T1) 34-8GeV  2-1077<& < 107°
Medium Mass p + T2 opposite + T1 opposite §-350GeV 107 %<& <0.25%
High Mass p + T2 opposite + T1 same 035-1.1TeV  0.25% <& <2.5%
Very High Mass p + both T2 arms > 1.1 TeV > 2.5%

M. Berretti, Diffraction 2014 - Primosten, 12/09/2014
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Soft Single Diffractive cross section (7 TeV)

Low Mass
M=3.4 - 8 GeV

7 11 1 T2

RPs

Medium Mass
M=8 - 350 GeV

2 11 T1 T2

RPs

RPs

A

;

High Mass

=0.35-1.1TeV

T2 T1 T 12

RPs

mbiGeV*

mblGeV?

mbiGe\*

do/dt ~ C-e®t

: T
ol o
12— J[

10 .

: B= 10.1 GeV?
°F TOTEM PRELIMINARY
6_.
=
D_' M | T T T BT | | R S

0 0.05 0.1 0.15 0.2 2 0.3

It (GeVA2)
2of ey i
20F |Jr . i
wef |
B= 8.5 GeV>
o 2 TOTEM PRELIMINARY
10:—
oE
8E-
= 3.3 mb ]
2 |t|=0
oE g ey 1 gy g | R IO, (R
0.05 0.1 0.15 0.2 0.25 0.3
[t (GeVA2)
a __ Ellﬂrl;i ﬂM‘MI!EIDS
7f }[ S Gee uen
ol | )
=1 B= 6.8 GeV"
45 TOTEM PRELIMINARY
3
2f- T i B

: +
1;—6 |t| -0 1 4 mb _,'_—l—'_|_
= L 1 ! I ! I

o 0.05 0.1 0.15 0.2

Corrections include:
-Trigger efficiency
-Reconstruction efficiency
-Proton acceptance
-Background subtraction
-Extrapolation to t=0

Missing corrections:
-Class migrations

-Effects due to resolutions
and beam divergence

-Estimated uncertainties:

B~15% 0~20%

Preliminary:
6. =65%2£1.3mb

SD

(3.4<M_ <1100 GeV)

0.25 0.3
[t] (GeVr2)

Very high masses
measurement ongoing
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TOTEM-CMS dN_ /dn measurements at 8 TeV

Inclusive pp CMS-TOTEM, Vs =8TeV, L=45ub’’
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First CMS-TOTEM paper:

CERN-PH-EP-2014-063
(Accepted for pub. in EPJ-C)

*Both CMS and TOTEM analysis obtained triggering
with T2 on the same data sample.

eSame CMS-TOTEM event selection (based on T2 tracks)

*Distributions obtained in three samples:
Inclusive (o, = 91-96% Ginel)’ SD and NSD enhanced.

inel,VISIBLE

«Distributions corrected down to PT=O MeV/c.

SD-enhanced pp CMS-TOTEM,{s=8TeV, L = 45ub"
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http://cds.cern.ch/record/1699728?ln=en

TOTEM dN_ /dn with displaced vertex at 8 TeV

” TOTEM pp,\s =8 TeV
3.7<M<4.8 £ 10~ - Doubleexponental background )
-7 <'rl < -6 w - —— Double-exponential + double-Gaussian Jr;
- i /
I —— 100 42<n<43
T2' 102 —
|||‘||\|||\|||‘|||\‘||||f.|‘|||\‘.:'-||\||
4 5 6 7 8 9 10 1 12 13
Inclusive pp, \s =8 TeV Z,pact (M)
[TTTTTTTTTT T T I T T I T T T I T TTTT 13
§ g ' | | | | E
“‘% ~  —» TOTEM: N, >1in 3.7<n<4.8 or -7.0<n<-6.0 - + M WA ,
- . easurement with bin-to-bin uncertain
Z 7C s CMS-TOTEM:N, >1in53<n<6.5 or 6.5<-53 = v
© = .
5 = eSS e, = I Total error (largely uncorrelated among the ranges)
- 4}'+‘+ ‘+"‘H‘+ """"""""""" =
5 E+ = Not possible to make reliable
4 - . measurements in the range -6.9<n<-6
- $- . because the large amount of material
-, g
- . =
3 ey —
= . . , . e | - . . . . .
2 L PythlaB 4C (nominal |P) i PythlaS 4C (dlsplaced |P) L . ° Dlstrlbutlons Obtalned 1n an IHCIU.SIVC
-~ EPOS LHC (nominal IP) ~ — EPOS LHC (displaced IP) g sample (96-97% of visible 6__according
E QGSJetll-04 (nominal IP) — QGSJetll-04 (displaced IP) -
1= —] to Py8-4C and EPOS-LHC MC).
jll\\|||||‘I|l\||\||‘\|||||||||\|||||: .ParticlePTdowntOOMeV/C
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Conclusions and outlooks

« TOTEM has measured the inelastic & elastic cross section and the w
total cross section with the luminosity independent method at Vs=7 and 8 TeV

»Measurement of the elastic differential cross section in 5-10°< |t| <2.5 GeV? (7 TeV).

>Ongoing analysis at 8 TeV probes the elastic scattering down to |t|~ 6-10* GeV>.

2 Hadronic/Coulomb interference: p—constraints, improvement in 6___accuracy, study of
the nuclear amplitude with unprecedented precision.

>Inelastic cross section measurement, constraints on the low mass diffractive cross section.

* Double diffractive visible cross sections (7 TeV).

 Single diffractive cross section and proton t-distribution for different mass ranges (7 TeV).

» Measurement of the forward charged particle dN/dn distribution with CMS for inclusive, SD and
NSD enhanced sample. TOTEM dN/dn measurement with displaced vertex up to [n|=7.

2 Inclusive pp dN/dn measured in the range 0<|n| <7 at 8 TeV (never before).

» Further analyses on pp diffractive processes, including joint TOTEM-CMS
studies are ongoing, results are expected soon... stay TUNED!
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Thank you for your attention
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Inelastic cross section measurement @ 7 TeV:

Correction for events having particles only at |n|>6.5:

o (mb): 73.74 = 0.09stat = 1.74syst + 2.95lumi

(EPL, 101 (2013) 21003)

T T1 1 T2

-~ » M, >3.4 GeV/c? (T2 acceptance)

W

S .

e : S. Ostapchenko 11 1.

5’ r arXiv:1103.5684v2 [hep-ph] QGSJET-I OB/Q.GSJET 1-04

S | are the most reliable:

0 |

S oL ¢ [:hy QGSIET-II-4

NV r : < predicts a low mass diffraction x-section
P T ST P TEP T PEPPELEEEEPEEER . compatible with the one deduced
i ' : comparing ¢ - ¢ . (obtained from elastic
= : tot el

low mass 3 : measurements) with ¢,
contribution | - ' inel, |n/<6.5
Ir -il . .
| 1 Correction based on QGSJET-II-03
2| E *:QGSJET-II-3 =4.2% * 2.1% (syst)
10 Fa ar ']-L (imposing the observed 2arm/1arm event ratio)
[ o I
|_B|l_lIJIIIII| IIII||.|J 6I IIIIIII| 1 IIIIIIIr':4I | IIIIII| | IIIIIII| | IIIIIII| ! 1
10° 10° 10° 10
7 TeV SD predictions g

Bl
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d o /dt [mb /7 GeV?]
I

E

g

alastic pp scattering at 14 TaV UpticaIThEDrem:

| (BSW model)
s 0 \ 40

;
T:I.:sl Ioulomb & nuciaar) ‘-\"\\ T

L | EUUlI:ImI:Isi:aLI;-:-rmg dominant Ri/‘
| y‘\

ol v by b e b i b by vy b i bl
0,002 0.004 0.006 0.008 0.010 0.002 0.014 0.016 0.018 0.020
It] [GeV]

a E{*|+J,:::«E] 4

Q“él.ﬁ" (R f_-)?

y

O = fine structure constant
¢ =mlative Coulomb-nuclear phase
Gle) = nucleon el -mag. form factor=(1 + |2| / 0.71)%

=

p =R/

- -
f
|||
L L=
e
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Total cross section measurements @ 7 TeV: three methods

(hL ‘t:{] ot 167 1GW \_» R[fel )]

Use of the optical theorem:

e Method 1a): (low) luminosity-dependent o, measurement

9 16ﬁ 1 d .\ el
@ Method 1b): (high) luminosity-dependent 6, measurement Gl = (1 e ,02) Z At .-

. » Cross check with the CMS £ | (£from CMS, p from COMPETE)

e Method 2): (high) luminosity-dependent o, measurement using N and N__

» P independent measurement, minimize the

Otot = Tp] T 0
tot el T Pinel efficiency biases in the elastic measurement

e Method 3): luminosity-independent ¢ measurement:

167 (dNui/dt)i—o
Ttor =
! (1—|_JO)(\ ‘|_\mei)

B3
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L calibration, low mass diffraction, cross section ratios

]

» Absolute calibration of the CMS luminosity:

(L4 ) (N + N L, o= 828£33 ub'l_l L om=837£32 ub'l-

167 (dNu/dt)i—g L = 1.65%0.07 pb L o= 1.65£0.07 ub?
S T
» Luminosity and p independent ratios: é i :: ]')I]')OTEM """"""""""" +:
6 /o, ,=0.345 = 0.009 6 /o, = 0.257 + 0.005 © ii : ..................... | x;/t’f ........... :
of |
» Low mass diffraction: “" :llllh|HIE;L101(2013)21004 ______ _

From method (1b): 6, = 73.15% 1.26 mb mml ""'1';]2 — 12]3 "1'{}4

Measure 6"<®3. = 70.53 + 2.93 mb Vs [GeV]

inel

| » 2.62 = 2.17 mb (upper limit ~ 6.3 mb at 95%CL)

(Uncertainty dominated by luminosity)
> p measurement:

AN /df| TOTEM |p| = 0.14 = 0.09
,O2 — 167 (ﬁ.cjg Lint TJ el — 0 5 — 1 COMPETE extrapolation |p| = 0.141 *= 0.091
(ﬂ-‘e] + A’inel) [A direct p measurement at 8 TeV is ongoing]
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* Different running scenario — different kinematic acceptance

B* = 0.55m

101 g

107 g

107

4 R EETY EETERRETTT BT RTIT| EESETET T |
0 10~2 10" ’
[f| (Gev?)

» Diffraction:
£ >~0.01
low cross-section processes
(hard diffraction)

» Elastic scattering: large |t|

High

- JH

3* = 90m
JRRLLE BRLELRRLLL | """'”” IR
101 3
102
103 3 —
10_14[}—4 102 100
1] (Gev?)
» Diffraction:
all §if [t > ~1072 GeV?
» Elastic scattering:
low to mid ||
» Total Cross-Section

B* = 1000m
g 1

10-! E E 0.9
E 3 0.8

0.7

10-2 _ 0.6
- 0.5

L 0.4
107 - 0.3
- ; 0.2

0.1

] (GeV?)

ot

» Elastic scattering:

very low [t|

Coulomb-Nuclear Interference
» Total Cross-Section

L Ui _@ym){siir@_y

~10%7 cm-2s-!
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Soft Double Diffractive cross section

Event selection: Trigger with T2, at least one track in both T2

hemispheres , no tracks in T1 “(0T1+2T2) topology”.

® ND background estimated scaling the MC prediction using a
control sample from data dominated by ND (2T1+2T2 events)

® SD background estimated completely from data using a
SD-dominated control sample (0T1+1T2) with protons in the RP

Pythia 8

AT gp>5.9 | -5.9505>-6.5
O DD(47<l<65) = 159 pb 4.7<0,:<5.9 | 70 ub 37 ub
5.9<n,. <65 | 35 ub 17 b
Phojet
4T >5.9 | 5950 >-65
O pp(a1dng 65 = 101 HD 4.7<1;<5.9 | 44 b 23 b
5. 9<Nyn<6.5 | 23 b 12 b

M. Berretti, Diffraction 2014 - Primosten, 12/09/2014

0 DD uncertainty

dominated by migrations
from generator-n = to
min

track reconstructed n_ .,

in particular:

“Internal migration”:

real DD events that

have a |n_ | smaller
min

than T1 but with no
tracks in T1 n-range

® Improvement expected
with the 8 TeV data,
including also CMS
information.
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ATLAS and TOTEM measurements at 7 TeV

o [mb]

140

120

100

80

60

40=

20

rTTTT]
o
n
A
)
O

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

ATLAS CERN-PH-EP-2014-177 /
TOTEM )

N y My,
[ [T IS8T H

Lower energy pp
Lower energy and cosmic ray pp Y
Cosmic rays

COMPETE RRpl2u

13.1 - 1.88In(s) + 1.42In°(s)

O
N\

oY b by |

-
-
-
-
-
-

10

107 10° 10*
\'s [GeV]
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TOTEM pp data (already analysed or analysis ongoing)

r‘T 103 E
-
o 10 *=1 km, 30, 8 TeV
o
g 10
e | D m, 106, 7 TeV
A WP
< 10 sl ?f:_? A
10~=
1073 3
o= é *=11m, 5-13c, 2.76 T vhx =¥
10_':" Ll L L |I3 I-l Imj’ -I |’ ‘I | Ilel - |-:%‘:E'I-L 1= J
0 0.5 1 3. 2 2.0 3 5 s
|t (GeV?)
E B* RP approach Lz t range Elastic
(TeV) | (m) (ub—1) (GeV?2) events
7 90 4.8-6.50 83 7-1073 - 0.5 IM 1 EPL 101 (2013) 21002]
90 10c 1.7 0.02 - 0.4 14k EPL 96 (2011) 21002]
o To 0.07 0.36 - 3 66k EPL 95 (2011) 41001]
7 180 2.3 235 10k
8 90 6-9c 60 0.01-1 SM
1000 30 20 6-10*-0.2 | 0.4M
2.76 11 H-130 0.05-0.6 45k BS
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Interference formulae

e simplified West-Yennie formula (SWY)
o limitation: derived for constant slope B (1 b; parameter only)
and constant nuclear phase
o acts as simple interference phase (i.e. @ is real-valued)

FCHH = FCela® 4 pH ®=—(%+y)

2

e Kundrat-Lokajicek formula (KL)
o any slope B, any nuclear phase
o more complicated effect (¥ complex in general)

FC'l'H — FC + FHeith

0
Hy /
s / i g+ df{(iH((tn)‘l) o

tmin

F2 (t")
i(tt’)—/d Tt t" =t +t + 2Vtt' cos ¢
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Phase of Nuclear amplitude

e constant phase - the simplest choice
arg AN = p,

e central phase - similar shape as in many
phenomenological models

N_ T Po 1
ar = — — atan , =
9A" =3 1_ £ P0% fanpg

ty
ty ~ —0.53 GeV?

e peripheral phase [Z. Phys. C63 (1994)
619-630] - expected order in impact
parameter space: elastic collisions more
peripheral than inelastic (b2)€l > (p2)ine

argAN =pg + Aexp {K (In ot + 1)}

tm  tm

A=~ 553, kK~ 4.01, tm ~ —0.310 GeV?

arg FI1

i \ constant
- central

——— peripheral

AN N T A T AT ST N
0 01 02 03 04 05 06 07 08 09 1
It (GeV?)
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Improvement of optics reconstruction at f*=90m

220 ¢

s 200

1Ce
|

Perturbed opticsq

180

nominal
Mean 0.022 %
RMS 0.46 %
Perturbed optics-
~|reconstructed |
Mean 0.058 %
RMS 0.23 %

Ly.b].far [%]
y.bl far

[aS] 3]

3] He=

o o
I

1 nominal

Machine instances
(3]
o
o

~} Perturbed optics

180 Mean 6.7x 1072 %
- RMS 15%
160 . ’ ;
L E Perturbed optics
140
- reconstructed
120E - Mean -0.064 %
- RMS 0.2%
100+ F
80
60
40F
20
0—8 -6 4 6 8
) de.blde %]
dLX,bI/ds
Simulated Reconstructed

optics distribution

optics error

Relative optics| Mean RMS Mean RMS
distribution [%0] [70] [70] [70]

—%y’bl’fﬂ 2.2.1072 0.46 5.8.1072] 0.23
(Sclg:i 1b11f?"gs ~ 1n—3 1 = ) 1 N—=2
m 6.7-10~ 1.5 —6.4-107=] 0.20
2lyibyiJar —5-1073| 0.47 58-1072 ] 0.23
sl T
ALz by /ds 1o 1n—2 . - 11—2 -

Table 5. The Monte-Carlo study of the impact of the LHC imperfections AAM on
selected transport matrix elements dL,/ds and L, for 5* = 90m at £ = 4 TeV. The
LHC parameters were altered within their tolerances. The relative errors of dL,/ds
and L, (mean value and RMS) characterize the optics uncertainty before and after

optics estimation.
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