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pp Cross-Sections and Properties of Diffractive Physics

D

SUMMARY

« Totem and Atlas-Alfa Detectors

« Forward charged particle pseudorapidity density
« Hadronic elastic scattering

« Non exponential elastic differential cross-section
« Coulomb nuclear interference region

« Total cross-section

 Diffraction

« Upgrade
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Experimental Setup at IP5 before LS1

[Ref.: JINST 3 (2008) S08007]
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Inelastic Telescopes:
charged particles in inelastic events:

- multiplicities, rapidity gaps

T1:3.1<n| <4.7, p;> 100 MeV
T2:5.3<|n| <6.5, p;>40 MeV
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Roman Pots: elastic & diffractive protons close to outgoing beams = Proton Trigger
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Roman Pots

D

Roman Pot = movable box inside the beam pipe, housing silicon detectors.

Detectors can approach the beam centre to < Imm when the beams are stable.
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thin window

66 um pitch Stack of 10 silicon
20 um resolution strip detectors
(5 pairs back to back)

150 um window

Ernst Radermacher



Alfa Detector

B7LIU A7L1U A7R1U

B/R1U

ATLAS
—

Beam pipe

e 2 x 2 stations
~ 240 m from ATLAS IP

« 8 fiber detectors with
2 x 10 layers of 0.5 mm
quadratic fibers

* Movable in vertical
direction

* Resolution ~ 35 uym
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Measurement of the forward charged particle dN/dn

Measurement of the forward charged particle pseudorapidity density in
pp collisions at sqrt(s) = 8 TeV using a displaced interaction point
Eur. Phys. J. C (2015) 75:126; arXiv:1411.4963
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Inclusive pp, \ls = 8 TeV
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Z — —+— CMS-TOTEM: N_, >1 in 5.3<n<6.5 or -6.5<n<-5.3
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green = displaced IP by 11.25 m
orange = nominal IP
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Diffractive and Electromagnetic Processes

Diffractive Electromagnetic
Elastic Scattering (ES), ~ 25mb

' q) ; I LB I T T I' I‘l'l L I mTTT I T
- rapidity gap . very low momentum transfers
1 | | | | | | | | I - | .I |t| ~ 0(10_4 Gevz)
-10 -5 0 5 10 Coulomb scattering
i
Single Diffraction (SD), ~ 10mb
V . T T T 11 T T 1T T 1T T T %1 T
' Pl ralpidity g‘lnp e I..
- - .
| | | | | | | | | | | 111 dq |
-10 -5 0 5 10
Ul

Double Diffraction (DD), = 5mb

:_’é" 1 T I T fel | TTTT I T T TT I T TT bl T
¢ . = rapidity gap * J
»

.°|.‘.'..|....|....'\.q..|.

-10 -5 0 5 10

Ul
Central Diffraction (CD), ~ 1mb
' q) ;l LI | LI | T I‘ T | LI | T
' rap.gap s 4 rap.gap
-— e % e
I | I' e I I L

-10 -5 0 5 10
U

Ernst Radermacher p-7



Elastic Scattering — from ISR to Tevatron
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UA4 x 100 (0.546 TeV)
CDF (1.800 TeV)
L E710 (1.800 TeV)
DO (1.960 TeV)
* Minimum in pp, shoulder in pp = :
. . E ]
- different mix of processes L K .
LS :
* Minimum / shoulder moves to lower |f| 102k f'%‘ .
. . . E G Y v
with increasing s g l v f
/ I, H 10—3 E'_I L1 1 11 L I - L 1 - 1 1 1 11 I 1 - | - 1 1 1
= interaction region grows (as also seen from oy, 0 02 04 06 08 1 12 12
-2 RMS impact parameter larger t|(GeV?)

Ernst Radermacher p-8



dog/dt  [mb/GeV?]
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Some Lessons on Hadronic Elastic pp Scattering
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At low |t|: nearly exponential decrease:

B, = (19.89 + 0.27) GeV 2
By = (19.90 + 0.30) GeV 2

8TeV

Extrapolation to t=0 2 o, via optical theorem:
» _ lom do,

1+ o de |,

Old trends for increasing s are confirmed:

\/_=7TeV

Oy = 98.58 +2.23 mb

* “shrinkage of the forward peak’: minimum moves to lower [t|

« forward exponential slope B increases
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Non-Exponential Elastic pp Differential Cross-Section

D

T gt 1 data statistical uncertainty
{B full systematic uncertainty band
g [ syst. unc. band without normalisation
3 102 High stati.stics data set ($*=90m,2012):
k) 7 M elastic events

0.027 GeV? < |t| < 0.2 GeV? ,i.e

Coulomb effects negligible

Quite exponential at the first glance,
10! but a closer look reveals ...
0 0.05 0.1 0.15 0.2
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Plotting relative deviation from exponential and fitting
do/dt = A eBO with B(f)=b, or B(t)=b,+b,t or B(t)=b,+b,t+b,t
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Elastic Scattering in the Coulomb-Nuclear Interference Region

Measurement down to [t| ~ 6 x 107 GeV*:  _ ¢ ; ; x ,
. >k 1000 F——
i B* - 1000 m OpthS Q [, \/ 8 T V 900 ; | é
E s=38 Te 3 3
« Roman Pot approach to 3 o from the beam = S0 ]
s :
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A eBO I hadronic phase as function of t:

implications on behaviour of elastic scattering in impact parameter space:
preferentially central or peripheral ?

o T
Combined *= 1km & 90 m data S 03 | Ve Vet Vo
. . .. & E Cahn/KL, constant:  0.88 fm 1.38 fm 1.26 fm
- exclude Simplified West & Yennie interference formula o5 - Cahn/KL, peripheral: 1.99 fm 079 fm  1.23 fm
(requiring purely exponential hadronic ampl.) 02 , . E
- have const‘ralmng‘power on: oisE E
- hadronic amplitude b ]
- hadronic phase = impact parameter picture g ]
H 0.05 = : : : : -
- measurement of p=cotarg F (¢ =0) : ]
O 1 t 1 1 1 1 t 1 1 1 1 t 1 | L

- previous 0,,, measurements (neglecting CNI) confirmed. o o i 15 > 25 3
CERN-PH-EP-2015-325 b [fm]
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Elastic Scattering in the Coulomb-Nuclear Interference Region

Both fits with central and peripheral phase describe the data
and give the same result for p
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TOTEM (Vs =8 TeV): p =0.12 £ 0.03

In 2016: B* = 1000 m, Vs= 13 TeV
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From the Elastic to the Total Cross-Section

D

- . 1 2 : NF,
Optical Theorem: 2 « [%Fl (= 0)]2 e R, (- OX with p = o dbhad
0 el, el, ha o~
+pP ~SEo had |,
tot 2
1+p0° dt |,
7 TeV elastic observables only:

” 16t 1 dNg
Ttot = -
o 1+ 1_73 L dt

(p=0.14 [COMPETE extrapol.])

0
June 2011 (EPL96): 0, = (98.3 +2.8) mb
Oct. 2011 (EPL101): o, = (98.6 +2.2) mb

different beam intensities !
Otot

Q independent: / \ luminosity independent:

16t dNg/dt|g
1+ (?2 4\‘1\] + ;\“Yim\]

Ot = (98.0 £ 2.5) mb

1 :
Otot = Z (i\“oI + i\‘inul) Ttot =

Ot = (99.1 £ 4.3) mb

Excellent agreement between cross-section measurements at 7 TeV using
- runs with different bunch intensities,

- different methods with different external inputs.

8 TeV: only luminosity independent method (no external lumi. meas. available)
Oy (8 TeV) = (101.7 £ 2.9) mb
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[mb]

Gel (green), vine (blue) and oo (red)

pp Cross-Section Measurements

analysis in progress
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Central Diffraction (“Double Pomeron Exchange”)

D

Glueballs ? 750 GeV Resonance ?

. > P

| X = high E; jets, Z, WW, ZZ, ... measured in central CMS detectors
j// X kinematic redundancy proton system — central system, e.g. My>=§&, E, s
yd > P

* both protons survive with momentum losses &;, &,
P p, from t, ¢ « diffractive mass M in the centre
P, from & 2 rapidity gaps An,, An,

CMS T1 T2

w\/iﬁ_&fh
I I I I

FAT

An, =-Ing,, M’ =& s

Joint data taking CMS + TOTEM:
kinematic redundancy between protons and central diffractive system

= 9
MCMS MTOTEM(pp ) : Ernst Radermacher p- 15




RP Upgrade Projects at IP5

D

Hit maps of simulated diffractive events for 2 optics configurations

B* =0.55m (low p* = standard at LHC) B* =90 m (special development for RP runs)

Operation at low * (< 1 m), Operation a.t high B*. (19m, 9(1) m, > 1 km),
high luminosity (O(fb-!/day)), standard runs LOW.' me‘?‘“m lumi. (< 6 pb~/day), special runs
diffractive masses > ~300 GeV all diffractive masses

750 GeV resonance ? Low-mass glueballs ?

CMS-TOTEM Precision Proton TOTEM Timing Measurements in the
Spectrometer (CT-PPS): Vertical Roman Pots of the
Tracking and Timing detectors | TOTEM Experiment

in horizontal Roman Pots

Tracking and thin diamond
timing detectors

CMS-TOTEM
PRECISION PROTON SPECTROMETER

in vertical Roman Pots
[CERN-LHCC-2014-020] Ernst Radermacher p. 16
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Diamond Detector Layout and Prototype Time Resolution

D

Segmentation follovié;s‘, the diffréctive hit distribution.
iy Test Hybrid 1: 1 large pixel (C = 2 pF)
. Test Hybrid 2: 4 small strip pixels (C =0.29 — 0.6 pF)
- Resolution measured at LHC
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Efficiency measured > 98%
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Back-Up
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Soft Single Diffraction at LHC

SD events tagged by proton, & from rapidity gap
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o’ =427 +004(star )+ 0.65/-0.58(syst.) mb for 1.1« log(Mx/GeV )<« 2.6




