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THE PLAN

O LECTURE 1:
WHAT DIFFRACTION?
SIGNATURES OF DIFFRACTIVE PROCESSES

O LECTURE 2:
EXPERIMENTS AT THE LHC
FUTURE PLANS
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Leading Protons measured at

g s DETECTOR LAY-OUTS FOR DIFFRACTION
- CMS/TOTEM

Leading Protons measured at
+220m from IP1 & IP5

Leading protons: RP’ s at (x147m), £220m

Rap gaps & Fwd particle flows: T1 & T2 spectrometers
Fwd energy flows: Castor & ZDC

Fwd counters at: #60m to =100 (140)m - FSCs
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LHC PROJECT ..
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Events

FOR GOOD COVERAGE OF DIFFRACTIVE
MASSES, NEED DETECTION AT SMALL

ANGLES
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FOR SEEING THE RAP GAPS, NEED GOOD
COVERAGE in pr

;ﬁ . cluster hadr
Y E —— Lund string frag.
e R
1077
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EI 1 1 1 | L 1 1 1 | L 1 1 1 | [ I | | | | | L 1 1 1
0 1 2 3 4 5 & 7
Ly

Fig. 4. Probability for finding a rapidity gap (definition 'all') larger than Aw in an inclusive QCD event for different threshold po .
From top to bottom the thresholds are py o = 1.0, 0.5, 0.1 GeV. Mote that the lines for cluster and string hadronisation lie on top
of each other for py = 1.0GeV. Mo trigger condition was required, /s = 7 TeV.
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LHC EXPERIMENTS: p1 coverage

ATLAS & CMS fwd calorimetry up to |M| = 5 + Lucid/Castor + ZDC

Exp B pr=
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The base line LHC experiments used to cover the central rapidity region.

Forward Upgrades of CMS, ATLAS & ALICE amount to significant

: |
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Forward Particle Detection at the LHC
(1): Surround the Beam Pipe {SALoRmETRy

Easy but miss the most forward ones!
ATLAS |, CMS|crand TOTEM {3}

-1.



Forward — Very Forward — Particle
Detection at the LHC (2):
Go into the Beam Pipe (or Move It!)

< 150-420m ——

In|>7

ldeal solution - challenges the vacuum

preservers (uStations!). !
- ATLAS {F;E;P ,CMS{R;P; TOTEM{RF’S e

protons
IIP lec - Natal 21.10.-1.11.20.2014



Forward — Very Forward — Particle
Detection at the LHC (3):
Use the beam split region (ZDC S)
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Forward — Very Forward — Particle
Detection at the LHC (4):
Detect the showers (FSCs)

HIF

Easy and cheap!
- ALICE, CMS, LHCb ..



FORWARD SHOWER COUNTERS GIVE EFFICIENT

VETO OF BACKGROUNDS
E Central Diffraction {low-E*)
35 ® FSC
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CMS FORWARD DETECTORS

CMS
S I — ”
--:-- (3.0 < |n| <5.0) 140m
It o | Ik [ .
- — — l .
(Inl>8.1) I_____ (Inl>8.1)
[ —
==
Hadron Forward:
* @11.2m from
interaction point
(3 < |1]| < 5) CASTOR:

» Steel absorbers/ ——
&8 quartz fibers (Long  sewes |
5 +short fibers)

» W absorber/quartz plates

" (6.2<n<6.6)

=t o 16 segments in ¢ (EM/HAD)
segments in z (no n segmentation)

Tracking to [n| < 2.4
Hadronic calorimeter (HF) to |m| <5
Forward calorimeters cover -6.6< <-5.2(CASTOR) and |m| > 8.1 (ZDC)
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CMS DIFFRACTION - RESULTS

o(pp — pHWTWp™ — p™uFeFpt)) = 2.2733 h,

0" =427 £004(stat }+ 0.65/-0.58(syst) mb for -5.5 < log £ < -2.5

o =093+ 0.01(stat }+ 0.26/-022(syst.) mb for An >3, My > 10 GeV, M, > 10 GeV
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RUN SCENARIOS FOR DIFFRACTION

: T 3 :- .. .. : = .:o.. : :
‘ * a ‘. » .o . .
=10 S o 5 LA 10 > o s " P -10 -5 o s " ?
e w0 R "
R CERE oD | & |
-10 -$ 0 3 10 n -10 -5 0 5 10 n -10 -5 0 -] 10 n
pp->pX pp->pjjiX pp->pjj (bosons, heavy
PP->pXp pP->pjjXp pp->pjjp quarks,Higgs...)
soft diffraction (semi)-hard diffraction hard diffraction
Cross section Luminosity
B (m) 1540 90 2 0.5
L(cm2s') 102 1030 1032 1034

TOTEM LHC runs

Standard LHC runs
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T1, T2 SPECTROMETERS, CASTOR

| T] and T2 detect particle flows

||

T1 T2 casTOR |

detects energy
flows

T1, T2 and CASTOR help in rejecting the backgrounds
from SD and ND events.
Have good acceptance in p: T2 > 40MeV, T1 >100MeV
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TOTEM DETECTORS
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— M ®RP stations at 220m:
Reconstruction of the proton from
elastic and diffractive interaction.

T1:3.1 <|n|< 4.7
T2:5.3 <|n|< 6.5

®Inelastic telescopes T1,T2:

Tracking of charged particles from
inelastic collision.

T1 3.1<n<4.7
T2 5.3<n<6.5
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LEADING PROTON MEASUREMENT

Consider the trajectory of a proton in the transverse plane:

y(s) = v(s) o y* + L cf(s) * O *

x(s) = v, (s) ex* + L “t(s) » B_*+ E ¢ D(s),

x* and y* = position in the transverse plane

0,70, = scattering angles

E=1p /p = the longitudinal momentum loss

Lx’yeff(s) = (BX’Y(S)B*) sinAw(s) the effective length with Au(s) = JBp-'(s)ds the betatron phase advance
VX,Y(S) = (Bx,y(s)/ B*) cosAu(s) the magnification

D(s) = the dispersion
B,,(8) = the value of the b-function along the beam line
B* = B,(s=0) = B,(s=0) is the value of the 3 function at the interaction point
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LEADING PROTON MEASUREMENT

The measured proton momentum:
p =(1%e°p
s ) )
t =-(1-§ )*[sin’0_* + sin By*]
Uncertainties:

e dispersion, magnification, effective length of position i
* transverse position of the event at the IP

position resolution of the detectors
beam momentum spread: §_ = 104
ahgular divergence at the IP: 6, . = g, = 32 mrad.

Estimated accuracy: AE/E = 104, At/t = 10% for -t = 0.01 GeV?
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BEAM LINE AND RUN CONDITIONS

Vertical displacement (m)

1 fl D'U (l [ [ | li
o il ro I
LHC v6.0 high beta optics at |P1
0.007 _VAX - ULTRIX version 8.23/02 21/06/00 12.44.23
0.006 -
0.005 -
0.004 - s
. § a !
0.003 -
. ‘ A-. f \
0.002 ISR /
0.001 - g /
0.0 f=——
-0.001 _
-0.002 -
'0003 T T T T T T T T T T T
0.0 50. 100. 150. 200. 250. 300. 350. 400. 450. 500. 550. 600.
s (m)

Se/poc = O. Distance from the IP (m)
Table name = TWISS
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i/Vertica.lRomanPot use roman pots tO
get close to the beam

fwd protons with a few urad angles: detection
at 100 + d from the beam

(Obeam ¥ 80Mm at RP)

Beampipes

4 meters
1 » . . .
= "edgeless detectors to minimize d

RP station:
2 units at 4m distance

2 vertical + 1 horizontal insertions ( ‘pots’)

Horizontal Pot: extend
acceptance; overlap for

relative alignment
using common track.

M0 beam Absolute (w.r.t. beam)
alignment from beam
position monitor

(BPM)
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TOTEM DETECTORS

Package of 10 “edgeless” Si-detectors

Horizontal Pot Vertical Pot BPM

B e — (%
~ IIP leétures - R. Orava - Natal 21.10.-1.11.20.2014




Leading forward protons at £220 meters: Low & High f* (B*=~ 0.55m, 90m)
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At low B* (nominal LHC beam optics) the protons are
measured through their horizontal deviation from the
beam axis.

The proton fractional longitudinal momentum loss, €, is
proportional to the (horizontal) distance fom the beam axis:

E=Ap/p xx

- measurement sensitive to the transverse (x*,y*) position of
the interaction vertex

At high B* (B* = 90m custom optics) the protons are
measured through their scattering angle in vertical
direction.

®y°‘pT"\/|ty|

- measurement sensitive to the horizontal x* position of the
interaction vertex in diffractive events
- horizontal vertex position obtained by measuring elastic
events (if beams assumed to be symmetric in the transverse
plane)
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Elastic scattering results: 5-10°<|t]| <2.5 GeV’@ 7 TeV

a- - s A N AU BB EPL 95 (2011) 41001 0.36 <|t|< 2.5 GeV*
> B = 19.89+0.03(stat) £0.27 (syst) GeV2 )
0
. o o EPL 96 (2011) 21002 0.02 <|t|< 0.33 GeV?
9 02 3 statistical uncertainties
'.é g | systematic uncertainties EPL 101 (2013) 21002 | 510°<|t|< 0.4 GeV*
" 101 E 9 W'- W ' : Bk ot al E
o 2 V;= 7 Tev ?’; lk(m?'eul- B R
\ - ] 10! - Islam et &l (CGC) —
— - - Jerhovsrky et al - .
& a0 z woaaon || Shrinkage of the forward peak:
g", 10 E 3 — TUTEM E
: . |1 *minimum moves to lower
107! & <. 14 |t withincreasing CM energy
- , <L Region around and after X E
B the dip: very sensitive for . : :
[ modeFdlsc%mlnation 1 exponentlal slope grows with
1072 £ the CM energy
It [F0.532001 i GeV?
107 g
| Data are fitted with a single
10~4 | exponential slope in the
- | range: 0.005<|t| <0.2 GeV?
10—5 I [ I N T N T T T R T AT I T N T IR
F g €2.0 GV, - :
0 02 04 06 08 1 12 14 16 L8 2 22 24 26 % iz & ‘3*'"""8‘ ‘:W *-? W
| 1.4 GeV? e
L) | [GeV*
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[mb/GeV?]

dog /dit

ELASTIC CROSS SECTION - TOTEM

(s B ML A o e 0.36 <|t| < 2.5 GeV*
. < 2.5 Ge
B = 19.89+0.03(stat) £0.27 (syst) GeV2 | EPL95(2011) 41001 It
, o L 0.02 <|t| < 0.33 GeV*
102 statistical uncertainties EPL 96 (2011) 21002
| systematic uncertainties EPL 101 (2013) 21002 5107 <|tl< 0.4 GeV”
v . -
101 " ': Aok ot 731 el T ! L ! "
V;=7 TeV : lﬂ:m:‘).:ullm E 5 :“ v pp. Ll.[ I ‘_.
1 .u'lll':t.;v'!'i ' 7 2 A I’I‘~ RL‘I.. l‘}l
. 3 Pevasay | | = I5/* TOTEM -
10 : =Y e ey % ..... ]
i : 16 - ' | ] 1
| " FRegion around and i L ] ]
10~  after the dip: very A | 3 e l [ il
n“gsensitive for model i 3 l ‘ ; I
- discrimination. 3 ] r i ?,’ { 1
¢ <l |, . | 2+ -
10"2 * 0 1 14 2 3 2 ) | 1 ! 1
ro1GVY 3 A .
1 = 0535001 syt GV I
. - .} <‘\'-
10—3 ﬁx‘-\k‘h_\_ |t|’7'8 =03(star) =0.1(syst) 3 Vs [GeV]
Data can be fitted with a ; .
04 single exponential slope in 1 Shrinkage of the forward peak:
: 3
I the range: ) 3 +minimum moves to lower
0.005<|t| <0.2 GeV* . 1 |t| with increasing CM energy
10—)llnlllllllnlllll1]1]11111 tial sl with
X * exponen slope grows
0 02 04 06 08 1 12 14 16 18 2 22 24 26  (hecM energy
A
| [GeVY
E
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Elastic scattering results: 5:10°<|t| <0.45 GeV* @ 7 TeV

dogy i (mb/GaVv?

> Elastic analysis performed in a wide range of |t|, with different beam conditions

5 N

@%‘

Extrapolatlon to t= 0 (A exp -B|t]|)

107 ¢
w E' N a ! ! ——— this publiestion E B EPL 96 (2011) 21w2
: : : mn'p"_m;u“ B ——EPL 101 (2013) 21002
: : —— statistical uncertaisties
: I systemtic uncertaintios ].()'2 = :
L e T B S , : 102 CeV2
: : - - - Elmin = 2~ S Lev”s
: A : : | I |(|mm 5 1‘.)—:: GeV? l l
: ; 1 10! I — ' D '
1 | A (mb/GeV?):
" ': T 506.4 +23%+(.95=
- (doa § 503+26.7%+1 5t
dt ‘
e P 13 | B (GeVH):
: 19.89+0.27+0.03° (5 10°< | t| <0.2 GeV?)
- 20.120.37£0.253 (2107 <|¢| < 0.33 GeV?)
o 0 - |i: ‘-)ll |l1 ~"12~ 0 lz’. u|:{. ‘u t{.’.‘ B 0.4 01,45

Data are fitted with a single
exponential slope in the
range: 0.005< |t] <0.2 GeV?

6 ,(Luminosity dependent):

25.43+1.07"+0.03**" mb (91% measured)
24 .8+1.2%5+( 25 mb (67% measured)
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Inelastic pp cross section measurement @ 7 TeV: (EPL, 101 (2013) 21003)

Nopo
® Luminosity dependent inelastic cross section obtained triggering with T2: | OInel. T2vis —
P g8 gwith 12 I
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:

61nel,|1]|<6.5 (mb): 70.5 + 0.1stat = 0.8syst = 2.8lumi
Correction sizes:
~1.,6% ~ 0.35% rap-gap ~ 0.35%
[
7 1 T 7 1 1| T2 7 1 T n
"N B T
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):

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

QGSJET- 11-03/11-04 predict a low mass (M<3.4 GeV/c?) diffiacine tross secuon com sl with the13TEM measurements 6



Total cross section @ 7 TeV

0 independent:

1 T
Ctot = r (}\‘el + Ninel)
. =(99.1 * 4.4) mb

Uit = —— —
ot 1+0% L

elastic observables only:

167[ 1 d 1’\]01
dt
c_ = (98.6 = 2.3) mb

2

Utot

TN

0

EPL 101 (2013) 21004

110
E Ctot
105

100 :+++

Ot (mMb)

wlegs

o

|
)

90

-
£
E Yinel

e het

Tinel  (mb)

0o (mb)

ATLAS |-
cMms | -

ALICE — =

Elastic only (2) —
£-independent |-
p-independent

Elastic only (1) [~

luminosity independent:

167'( d[\]b] /df‘()
1+ (?2 Ne1 + Nipel

Otot =

RA
= ¢l c_=(98.1 = 2.4) mb
UAeI t=0 Absolute calibration of the CMS luminosity
L o=82833pb* L o =837+32ub’
_ -1 _ 1
L, cus™ 165 £ 0.07 b Lo, topmecrinios- R Bomt PNatal 21.10.-1.11.20.2014
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(mb)

Tel, Tinel, and Ciot

p—
15N
o

120

100

SUMMARY OF CROSS SECTION
MEASUREMENTS AT THE LHC

“ Pp

v PP

« ALICE

a ATLAS

> CMS

o Auger + Glauber

e TOTEM (L-independent)

80 | __ best COMPETE oy fits g N

-~ =114 - 1.52Ins5+0.1301n% s i

- ..- } / |

20 [~ ol g 5

O 1 L1 1111 l 1 1 L1 ll 1 1 1 L1111 I 1 1 |
10! 102 10° 104 10°

Vs (GeV)
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Soft Double Diffractive cross section (7 TeV) ! ]

Phys. Rev. Lett. 111, 262001

Aim: Measurement of soft double diffractive cross section with particle 1 _ visible

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

Results from 7 TeV data: MC predictions:
— =+
ODD(4.7<}nmm‘<65) 120 + 25” b AT >S9 | 5.95>-65
O pD(4 74nefe6s) = 199 HD 4740559 | T0 b 37 b
5.9<n,<6.5 |35 b 17 ub

4.7>0,,>-5.9 | -5.951,,,>-6.5

4.7<n,;,<5.9 | 66+19 ub 2744 pb

ATon >89 | 5.9, >-6.5
5.9<n,,,<6.5 | 28+5 pb 1244 pb O pp(a1dnkes) = 101 HD 474059 | 44 pb 2 b
5.9<n,,<6.5 | 23 pb 12 b

e o uncertainty dominated by migrations fromgengrator.s, . nie tiaekiracensisucted

. . . 13
M. Berretti, Diffraction 2014 - Primosten, 12/09/2014 B _



Single diffraction low &

Correlation between leading proton and forward detector T2

¢ Rapidity Gap
SD ® r
=l My =Es

sector 45 1P sector 56
RP T2 T2 RP

run: 37280003, event: 3000

(mm)

Y

T T T — 0 T T T
r RP, sector 45 g il RP, sector 56
150 [ 150 e A
F 1 g F T2, sector 45 g F T2, sector 56 F 1
i 2 F g F L _
= 100 [ = 100 [ > 307 ]
b > F > F 20 - 7
j . L J
; o o 10p )
° N 0 0 or ol 7]
] 50 F =50 ot i
. : : 20 .
] ~100¢ ~100¢ sk ]
— 7150 >l T T TN T T l— 7150 >l N T T TN T l— 740 - —
[ | | 1 —100 0 150 —150 0 150 [ | !
‘ ‘ ‘ ‘ _50 ‘ | ]
—25 0 25 50 z (mm) ¢ (mm) 25 0 25 50
x (mm) z (mm)
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(mm)

Y

Single diffraction large &

correlation between leading proton and forward detector T2

¢ Rapidity Gap
SD @ My*=Es
An=-In§

sector 45 1P sector 56
RP T2 2 RP

run: 37280006, event: 9522

50 T T T 50 T . .
r RP, sector 45 g F RP, sector 56
40 —~ 150 o 150 2 awf
L 4 é F T2, sector 45 é F T2, sector 56 L ]
0T . ~ 100 | = 100 F = 30T 1
20 - 7 ISN E > E 20 _
10 . 0 o 10 ]
0 r [ : 7 0 0 0 r . : .
_ — [ ] - r F 3 [ i
107 ] Py 5 10} ]
—0r ] : N —20 =
—30 B —100 i 7 ~100 : 7 ol 1
—40 - i 50 Do T e k| 150 Do ] a0k ]
[ | | 1 —150 0 150 —150 0 150 [ | | 1
,50 L L L . (mm) z (mm) 750 L L
—25 0 25 50 r ’ —25 0 25 50
z (mm) z (mm)
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Soft Single Diffractive cross section (7 TeV)

~ . 'Bt
— . do/dt ~ C-e -
M=3.4 - 8GeV S [ e T
T2 T 11 T2 E 12F
RPs N RFs "E B= 10.1 GeV? Corrections include:
|= | O »é‘ |= : :: TOTEM PRELIMINARY -Trigger efficiency
‘ﬂ“Jr"iB ‘E- Il £ -Reconstruction efficiency
- -Proton acceptance
2 G 1.8 mb S .
E 1t]>0 ~——  -Background subtraction

Ottt pts | IR v e ESTEE e R

Medium Mass °o % e e 2 Sy eevssy  -Extrapolation to t=0
M=8 - 350 Gev 2 2= oS, o ,
7o om g ~Eh, ==_===:{  Missing corrections:
18- . -
- N vof B= 8.5 GeV? -Class migrations
P 3§ b A I ' l b TOTEM PRELIMINARY -Effects due to resolutions
‘_11_’11__'_,__ |= =| 10} and beam divergence
of
_— ‘
:T: 1650 = 3.3 mb “—.. .| -Estimated uncertainties:
o .05 o o018 0.2 628 o3 B~15% o~20%
It (GeVA2)
High Mass .
S of - liminary:
M=0.35- 1.1 TeV B vz | | Pre ary
2o n T2 2% c = =6.5+1.3mb
o
L — -2
RPs RPS s B= 6.8 GeV (3.4<MSD< 1100 GeV)
Lo \ £ TOTEM PRELIMINARY
1B . ll l' =
ll l' af
oF bk 2t Very high masses
5 o ot S X .
1_0 P 1 4 mb measurement ongoing
E™ Itix0 IIP lectures - R. Orava - NatalZ] 10.-1.11.20.2014
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Central Exclusive Ditfraction (CED)

correlation between leading protons and forward detector T2

sector 45 1P sector 56
RP 2. 12 RP

Sl Al

low & high &

run: 37220007, event: 9904

J |

‘ RP, sector 56

—~ 50T ‘ ‘ —~ 50T
g r RP, sector 45 E L
g a0r 150 ;o 150 e & 40r
r 1 E F T2, sector 45 E F T2, sector 56 F
> 30f ] = 100F = 100F = 30¢
20 ] = F =t 200
101 ] i i 10
or ° T 0 0 0r
-lor ] 50 50 -1
—20+ . r F —20 -
sk N —-100 : —100 : -30
740 - — 7150 C T T Y l— 7150 >l N 1 N N v l— 740 -
[ ‘ | ‘ | ‘ —15 0 150 —150 0 150 [
—50 _95 0 925 50 x  (mm) x  (mm) —50 95
z (mm)
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DI-JET CANDIDATE
EVENT

* E;of3jets: 65GeV, 45
GeV, 27 GeV

e M(pp, TOTEM) = 244 GeV
e M(CMS) =219 GeV

* Proton Ap/p =0.01 (+2)

* Proton Ap/p=0.1 (-z)

e Y(pT,CMS) = 3.4 GeV

* CMS thresholds for event display
— ECALand HCAL E; > 200 MeV
— Track p;>1 GeV

IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014



entries #

Soft Central Diffraction Exchange
TOTEM alone, 20.10.2011 data

B = 90m optics runs, sqrt s = 7 TeV:

" y < 110 removed : protection against pile-up
beam halo x beam halo
beam halo x elastic proton

= DPE protons of -t > 0.02GeV? detected by RP dZODPE = C(Ag, ,)e” 81678 _hacker.

* nearly complete & -acceptance dt.dt,
: ~ = [dt dt Oore _ 1mb
Single arm DPE event rate in RP O ppe f f
integrated &, acceptance corrected
T4L_|II | ! gata TOTEM Preliminary
103 T = I
- B :%hm B=-7.8+1.4 GeV” . Work4in progress:
- s = d'o
iﬂi':p* § PE =fd z e dt1dt2d§1d§2
TEF‘——'L% i t,dt,dg, dg,
! B=7.8 1.4 GeV? ﬁ#ﬂaﬁ
i
14
102 | | | | | | | | | | | | | | | | | | | | [ | | |
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0 6

t, [GeV?] IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014



Soft Central Diffraction - dAN/dM

TOTEM alone, 20.10.2011 data

s ’ r
S |
T ' -.1,2>3 70
ps
G 200
o | | TOTEM
S 150 | preliminary

100/

50

% 200 400 600 800 1000 1200 1400 1600 1800 2000

M=ys-,[£& [GeV
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ATLAS: LUminosity measurement using a Cherenkov Imaging Detector
LUCID

- dedicated luminosity monitors

-5 x40 counters

-54<|n|<6.1

17" m frem: [P

- counts tracks from min bias &
diffractive events

Polyethylene + Li $€ljvices To
ATLAS 46 tons IGED Ut LIXA
(L
Forward Pb or steel l SMTs
Toroid / 78 tons —

Beamline

IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014



e ATLAS Detector ...

Muon Detectors Tile Calorimeter Liquid Argon Caolorimeter
\ ’

R
\

" | -“ ‘.‘.‘ ‘.\\‘
/ ! \ N\ N
Toroid Magnets Solencid Magnet) I SCT Tracker Pixel Detector TRT Tracker
~~ Minimum Bias

vizé%% Trigger Scintillator

&

w < 2.1< |n|<3.8

|

Trackers: |n|<2.5
Calorimeters: |n|<4.9

IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014 2
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o ATLAS

Forward detectors —

-

on both side

N

I L]
l —

1
- .I.L‘g..

ALFA at 240 m

[10.6<|n|<135 |

In operation
since 2011

ZDC at 140 m
In|>8.3

l\d.—o- N-aoa

_ I\IHI I \

LUCID at17 m

MBTS at 3.6 m

|56<|l||<59

it

« N W & 00N e

Pythia v6. 319

10 s

IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014
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ATLAS ALFA — Roman Pot stations
design... ' and reality

|
>

locations: rp I[rP TR
”\"""'@T":' B e """'"""!'"'\
| . p— e |
\/ 1L e
RP RP RP |IRF
240 m
(.........................................) <......>

IIP lectures - R. Orava - Natal 21.10.-1.11.20.2Q1g,

3-7.6.2011 low x, Santiago de Compostela: Physics program of ALFA and precision luminosity measurement in ATLAS



ATLAS detector properties — summary ——

e thectronic cards 'Emf'
MAPMT E L
fibre e
OOrPECtons ’60

first tunnel output a0

detectors in parking positions
¥ 10 x 2 fibee laypers

upper and lower ’\

Roman Pos '

) beam pipe

* single cladded 0.5 mm x 0.5 mm (square) fibers

* 10layersin U, 10inV; staggering 'wl: |

* ~30 um position resolution 020 40 0 0D N

» efficiency ~ 90% per plane = ~ 100% efficiency of the detector

3-7.6.2011 low x, Santiago de Compostela: Physics program of ALFA and precision luminosity measurem

u entin ATLAS 11
IIP lectures - R. Orava - Natal 21.10.-1.11.20.201
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SINGLE DIFFRACTIVE EVENT IN
ATLAS

IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014




‘Fitting elastic cr.section — dtor, Gel, Tineln B:slope.

— 103 ........ E
E ’ ATLAS 5 Theoretical formula used to fit the data:
B - -
E - =7 TeV, 80 ub’ 1 2 2
=3 do dra-(he)” X i
1:1 10° \ 3 —_ = dma (fe)” .G'(r)  Coulomb interactions
3 3 o, 3 dt | 1 |- Coulomb-
' % ] aG? | 7] Nuclear
oL *e, ] - Oot [%m (ad(1)) + pcos (ag(1))] - cxp y
= e 2011data 0.. 3 | | 2 interference
- —— Elastic fit *e E | + /
C - ] 2 i g
I + ) Tiot———— " eXp(=B|1])  Nuclear interactions
1k +, - 167(he)?
5 + 1 From COMPETE
- T & P AN b dibole form fact - | Global analysis
P E——\F G(f) = e roton dipole form factor p=0.14 |
g a Dg E N PETE \\\\\\\\\\\\\\\\\\\\\\ 3 ) I —
T 0P Tomomor ***0sseg e, b » DONNNW Bl A=0.71Ge Conventional
@ NE S Stanstical T eed Tt L, 3 ' _ —
£ 0005 07 045 02 025 03 035 #on = -l 5 "% Comomb phase | Pc=0.577 T Les. Other
- tGeV’] models in
syst. uncert.

» Fit result:

£ 0.14 (stat.) £ 0.26 (SySt.) Gell = RN RN =PI E T I e L)
Fit quality good: x?/Nao5 = 7.4/16, Fitrange: -t e <0.01, 0.1> GeV2- good Accept. & small deviations from exponential
Extrapolation uncertainty from changing the upper end 0.1 to 0.15 and 0.059

» Extraction of ;: assume Nuclear term only and B(t)=const:

Integrating over full t-range 8 t 0.19 (stat.) £ 0.57 (syst.) mk
[Observed in -t € <0.0025, 0.38> GeVZ g, = 21.66 £ 0.02 (stat.) £ 0.58 (syst.) mb (90% of the total a;)]

¥ Oinel = OCror ~Cel inel = * 0.36 (stat.) £ 0.83 (syst.) mb 18
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“Comparison with previous measur

o [ | b L |
E 140 4 aTLAS
o - =« TOTEM ATLAS \§=7TeV
120~ + Lower energy pp
& Lower energy and cosmic ray pp - Luminosity-dopendont
100 o Cosmic rays _
- — COMPETE RFIpl2u N TOTEM - Luminosity-independent
e 13.1 - 1.88In(s) + 1.42In*(s) §
80 [~ ] ——————— p-indepandent
60 :— _: ATLAS —— Luminosity-dependent
40| commmp et -1 .
20: e . 85 90 95 100 105 110 115
- o, - g . G(pp—> X)[mb)
i“.l Aam:IA--AM---l """"""" - 1 ! ]
O LA L1l 1 L1 L1111 L 11 1 1111 1 Ll 1 111l 1 Ll 1Ll - - »
10 109 10° 10° The same run in 2011, Lumi-dependent method:
\s [GeV] .
ATLAS: 6i0: = 954 = 1.4 mb (Lumiunc=2.3%)
ATLAS =T Tey TOTEM: o,,, = 98.6 + 2.2 mb (Lumi unc=4%)
oM R o LlEmrER= el
————  plndependent ATLAS value ~20 below COMPETE fit, but closer
to predictions by Block & Halzen, KMR, Soffer.
ALICE —————
. — ATLAS: o,; =24.0 £ 0.6 mb (Lumi unc=2.3%)
ATLAS - Flastic Totem: o, =254 +1.1 mb (Lumiunc=4%)

60 65 70 75 80 85 90 — Difference=1.10
O saanc PP — X)[mb] i
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LHCb Experiment

LHCDb is a single arm spectrometer fully instrumented in the forward region

(2.0<n<3.0)
RICH
VELO e(k—k)~95% for (TT—k)~5%
~20um IP resolution for pt > 2 GeV
ECAL HCAL Ms
SPD/PS M3 M4
Magnet RICEL2 M)
T3

Trigger
BN Low pr Minimum Bias

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

7 /IRICH] -
ife e d T

MUON

TRACK

Muon ldentification e~97% misID~2%
0.4%-0.6% momentum resolution

IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014
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LHCb FORWARD TRACKING

Upstream track
Backward track /'

T _~
\ Long track

-~
.

VELO " T¥===—- -~
VELO track

IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014



Collider Detector at Fermilab

We do not detect outgoing
protons

Forward detectors in veto

We require all detectors, |n| < 5.9, to be empty except for two tracks

~ 'TRACKING SYSTEM | |ccaL | |epcaL [mpcaL [ |cc | IBsc

BSC — Beam Shower
Counters

CLC — Cherenkov Luminosity
Counters

PCAL — Plug Calorimeter

17.09.2014 Maria Zurek - DIFFRACTION2014 - GapXGap 5




CDF

Missing Energy

Muon

ri
=

L — *

| b-Jet

1

o S
2555 N’fg" K,ﬂ‘

S
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Central Hadronic State Analysis
Candidates selection

Trigger requirements:  Gap cuts:

« 2 central (n|<1.3) towers with To determine noise levels in subdetectors
Es 0.5 GeV we divide zero-bias sample from same
1= Y 826 periods into two sub-samples:

« PCAL (2.11<|n|<3.64) in veto

, No Interaction: Interaction:
« CLC (3.75<|n|<4.75) in veto At least one
« BSC1 (5.4<|n|<5.9) in veto » No tracks and | * Track or

«No CLC hits and | * CLChit or
e Muon stub

« No muon stubs

17.09.2014 Maria Zurek - DIFFRACTION2014 - GapXGap 6



Central Hadronic State Analysis
M(Tt* ") for 1960 GeV

CDF Run ll Preliminary CDF Run Il Preliminary
'0,,— A — gata» 1s=1960 GeV 1 = 1 FAN P,(1)>0.4 GeV/e
§ - ¥ yst. uncertainties 12 % w'y, : n(m)|<1.3
3 i "hiﬂi'i* B P(X)>1.0 GeVic - _Z‘j : w‘\\"’\ IyX)i<1.0 3
3 oo LU P(1)>0.4 GeVic s i
T P m(@)I<1.3 ~ 2 — Data, Is= 1960 GeV 'ﬁ'lﬁw
; o.oz_ i'ﬂ .'M',»‘M,Wan,‘.,\%. viX)I<1.0 . § 10‘3§ Syst. uncertainties | 'Wh‘%w;\t
LT 1 5 2 : “.‘”::w“”.‘.:’...";..‘w‘:ﬂﬁ_ls 0t 15 2 25 3 a5 4 a5 75
W (Gevic’) M... [Gevic?]
— Broad continuum below 1 GeV/c?
— Cusp at 1 GeV/c?
— Resonant enhancement around 1.0 — 1.5 GeV/c?
dominated by f,(1270)
17.09.2014 Maria Zurek - DIFFRACTION2014 - GapXGap 14



Central Hadronic State Analysis
M(Tt*1t7) for 1960 GeV and 900 GeV

CDF Run Il Preliminary

CDF Run Il Preliminary 12! I —— Data, (3= 1960 GeV
3 — — f ———— Data, (s =900 GeV
! | ! I I I ! I I : o [ } }‘ Syst. uncertalntles, (s = 1960 GeV
L - © 1 —
— : Data, ‘r§=1 960 GeV : % : ’} { }{} Syst. uncertainties, (s = 900 GeV
w02 Polynomial fit E . }} Hm. {h P,(r)>0.4 GeVie
> [ ] Systematic uncertainties | g osf- }l ;’ ! A f n(r)|<1.3
G o . T o } g ‘ Iy(X)|<1.0
= P(n)>0.4 GeV/c s ™ L b
5 | - RN ! Mo h i
= ol In(o)i<1.3 : B ol g CILE VPRI LR I
= | ly(X)l<1.0 ‘ "vﬁ“ ................ Ghing:
'E N 1 12 1.4 1.6 1.8 2
g 0051 M.... [Gevic?]
© B CDF Run Il Preliminary eve
c 1 LI 1 1 1 1 1 1 . I
E s —— Data P,()>0.4 GeVic
go S B
g 05 ++ + +++ i 8‘3 ‘_j Syst. uncertainties ly(X)|<1.0
B ot t Py ! g8
g LTS B N T
: I I DU I I IS B 1l’ E %;1..{ i e gt {} le{lﬂH l ”’|| + + +
16 18 2 22 24 26 28 3 32 34 36 §§ 1';H? dh ol I*HJH* H b I -H— +
M. [GeVic?] ol +
o °E'i""1fs""i""zﬁs'"'i';"'afs""i"T"s
Indications of structure up to 2.4 GeV/c? M,.. [Gevic’]
17.09.2014 Maria Zurek - DIFFRACTION2014 - GapXGap 15



STAR - olenoidal racker t HIC
STAR Detector -

Silic
Coils Magnet Qﬂ‘a r

E-M
Calorimeter

: &~ Time Projection
hamber

Time Of
b Flight

- b — 200 GeV
2 W0 SOEESAS 322 500810 Gev
= / P = Polaniztion
& 120 I'
H !
FRR ! J M1P=a8%
z / L
=
é . 0017 P=-59%
i s
g “@ ! ; 2005 P=56%
3 2000
W06 P=S5%
Electronics = w d 2008 r-us-.,/
Pﬁt?orms !
X ,/ 2005 PedP
! - N3P e
o - -
Forward Time Projection Chamber 0 2 4 6 8 10 12 14 16 18 2
Weeks im physics

STAR - large acceptance detector running since 2000
o high resolution tracking device: TPCin -1 <n <1, —7<o<
o forward rapidity gap veto: FTPC: 2.5 < |n| < 4.2, BBC: 3.8 < || < 5.2
o excellent particle identification capability: TPC dFE/dx, ToF
o this analysis is based on data collected in 2009 during 5 day period of
. . . . )%k IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014
running with special optics (* = 20 m.

M. Przybycien (AGH UST) CEP with STAR @ RHIC 14 September 2014 3 /12



Forward Proton Taggers

Need detectors (Roman Pots) to measure forward protons:

small ¢ (four momentum transfer) and £ (fraction of proton momentum loss).

Phase | RPs
Phase Il RPs 55.5,58.5m

153,17.3m ~ I \
I 1 7 I I | o |

l ! L VAR
I:\.{=’ .«IF | ?ft ) | I

Q4 Q3 DO
—— Stepping Motor

I—

5] [— Linear Slide
Bellows —

} Trigger delector
UHV ——/
Ch am bel' . = x-tletector {siliccn)
—_r ) detactor [silicon)
7| [ ]5=silicon Strip Detector pratan - ’
Pot — 7~ 5vX Readout Ics

T

Roman Pot Detector System IIP lectures - R. Orava

M. Przybycien (AGH UST) CEP with STAR @ RHIC 14 September 2014 4 /12



Total cross section in visible kinematic range

Definition of visible kinematic range:

e momentum transfered to protons: 0.005 < —t1, —t2 < 0.03 GeV?
o pseudorapidity of pions measured in TPC: |7,| < 1.0

o pseudorapidity of 77 system: |1),,| < 2.0

Data are normalized using elastic pp scattering events measured in the same
experiment and oy, = 51.6 mb (from fit to world data). As the RP trigger and
detector are common for elastic stattering and central production, many
systematic uncertainties cancel out in cross section calculation.

Preliminary cross section for Central Exclusive Production of 777~ pairs in
pp collisions at /s = 200 GeV in visible kinematic range:

ocrp(200) = 133 + 8 (stat) 4+ 12 (syst) nb

Main sources of systematic uncertainty:
e sensitivity to variation of TPC track selection cuts - 6%
o uncertainty of absolute normalization using elastic sample - 5%

o uncertainty of ToF trigger efficiency - 5% (estimated from ToF independent

tr 1gger) IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014

M. Przybycien (AGH UST) CEP with STAR @ RHIC 14 September 2014 8 /12



Differential cross sections measurements

» Dime model (Eur. Phys. J. C (2014) 74:2848, http://dimemc.hepforge.org)

for non-resonant background with model 1 gap survival is consistent with the
measured cross section.

» GenEx model (based on Phys. Rev. D81 (2010) 036003) is also consistent
with measured cross section assuming survival factor ~ 0.28.

» Cross sections in function of 7, and A¢ (difference in azimuthal angle of
the scattered protons) in the mass range 0.5 < M, < 1 GeV are also well
described by both models (predictions of the models are normalized to
measured cross section in this mass ranee).

- — — 90 100,
3 * Data gL  Data 8 F * Data
450 — DiMe (GS model = 1) = o D 2 90 —— DiMe (norm)
e- = DiMe (GS model = 3) !; wf DiMe (norm) = E —— GenEx (norm)
o 400 —— GenEx x 0.28 © 70f — GenEx (norm) 5 %F —— Ansatz (norm)
o - B =
S 360 sof- 2 7oE
® 300 ¢ . s0F }
s ' H— wof 3 —
N | Preliminary 5 :&j—]ﬁ: b f =
30k -
150 g 0 .
100 20F { 20F §
50 "°F STAR Preliminary | 'E STAR Preliminary
0 c:lIllIIIIIIllIIllIIlIIIlIIIllIIllIIIlIIl =

2 -5 -1 05 0 05 1 15 'l,.,z o5 1 15 2 25 3
IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014
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ALICE-LHC
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CENTRAL TUTT MASS: Pbea / Poutgoing

ar K+
EXCLUSIVE vs. INCLUSIVE P ’
n- K~ .
Pbeain Poutgoing
x10”
T OOF - vo- FMD SPD-TPC Gap Guo ciwty Gap
% : go gap l‘.\r1=2.8-0-9 09An=4.2r]
> eof TTT DRI g a7 :
= p(770) b -
£ 30f fo(980) J(% PRELIMINA ]
< ' L RY :
8 20 |- T + i 3.5+3.5 TeV
N : s TIA. < @, T ALICE
© 3¢ X
e [ ’f?“w* ¢r‘ %?%%* ""wj %, RESULTS |
s 10 (‘)' Q ,15#" P T K)(xl n
Z ;1;? QY %, 1
0 .4# | MR B B 1 NP ,I lol 2

04 06 08 1 12 14 16 18 2
M(rn) (GeV/c?)
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DINO’s GLUEBALL!

Saturation glueball?

Exclusive n'n”

- - — — e

r Giant glue-ball with f,(980) and f,(1500)

: superimposed, interfering destructively and
| manifesting as dips (2?7)

< glue-ball-like object = “superball”
| A mass >1.9 GeV = m2=3.7 GeV
 agrees with RENORM s, =3.7
d Error in s, can be reduced by
factor ~4 from a fit to these data!
=>» reduces error in c,.

Events/25 MeV

|
Lnn
3.5

M{mw) GeV

Figure 8 Mo - spectrmmn in DIPE au the ISR {Axial Field Spectrometer, R80T (97, 98]3. Figure
rom Rel, 98, See M.G.Albrow, T.D. Goughlin, J.R. Forshaw, hep-ph>arXiv:1006.1289

MIAMI 2010, Novl4 -19  Diffraction, saturation, and pp cross sections at the LHC and beyond K Goulianos 2

IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014
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CENTRAL KK MASS vs. RAP GAP SELECTION
- PRELIMINARY!

Normalized counts/(2oMeV/c?)

o
—

S
o
©

&
o
&

0.06

0.05

0.04

0.03

0.02

0.01

1 1 1

—.-= - -
Wt

j*

-

»
i"’ L

—.—

DG at-3.7-n<-1.7 & 2.8-m<5.1

DG at-3.7eme-1.7 & 1.7em<5.1

DG at-3.7en<-09 & 0.9-m<5.1

|
.

S

I._.‘ww
111111111111'#1"’&“

+ 0+* £ (1500)
t

o

1

1.5

2 2.5
Invariant mass of K’K™ (GeV/c”)
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SFM at THE ISR...

Exclusive n*n”

No ¢, rapid onset

B A A

LI | lllll'l

N

Events/25 MeV
o

LI | lll!lll

10

1 Tlillll'

'l
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SUMMARY OF NEW
RESULTS



SUMMARY

[mb)]

Tinel (blue) and oy (red)

\Ereen |,

Tel

A DG T T TTTTTTTTTTTTT] 4 (18 TeV) ~ 110 2+ 6 mb
130] . .o (PDE PP CROSS BECTIONS /s
pp (PDG) TOTEM, PRL 111 (2093 1, 012061 44 i LA PYTHIA: 100 mb
120 ¢  Aunger - Glauber A1 1 P
ol ¢ AMCE 5 Oined (13 TeV) ~ 80 = 3.5 mb
ATLAS % ' LR PYTHIA: 78 mb
100} > CMS -+ -
) . TOTEM (£ indep ,// fd| e’ i
: ; |
st COMPETE oy, fits - ;|
) o L ~ P o
o 1.7 - 160 s + 0.134M% 5 T A (i { | . T . lo.’g"rlb
-0 | L ok SARLSERE ® Ot (8 TeV) =101+ 20 m
60 ¥ 3 - “." -APYTHIA: 93 mb
b \_f- - gy : »
sof e | anw o,
- k. 2 o me““”c inel 7 TeV ,I.' A 0 0a(8 TeV) =747+ 1.7 mb
St Nl N CAPYTHIA: 73 mb
J0r .-
2 - @
20 - w.-"" 1@ |PYTHIA elastic L (5.1%)
i Al gl " is too low 18 oq(8 TeV)} =271 =14 mb
10 e —vihw = - - elastic .
= o l ; i R PYTHIA: 20 mb
10 10 1 10!
Skands Ve [GeV] (PYTHIA versions; 6.4.28 & 8.1.80)

Pileup rate ¢ Oot(3) = Oei(8) + Oinel(8) x 8

0.08 or 1n®(s) ?
Donnachie-Landsholl (0.0967) Froissart-Martin Bound
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SINGLE DIFFRACTION -

SUMMARY
Experiment Energy Mass o.4(pp)
[TeV] [GeV] [mb]
TOTEM 7 3.4-1100 65+ 13
(preliminary)
CMS 7 12 - 304 427 1+ 0.04 (sta) 723 (sys)
ALICE 2.76 0- 200 122 733
ALICE 7 0- 200 149 :g:;

IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014




LOW MASS SINGLE
DIFFRACTION - TOTEM

< 3.4 GeV
TOTEM *[mb] 262 +2.17
QGSJET-II-04 [mb] 390

KMR(2014) [mb]

34-1100 GeV | 34 -7 GeV | 7-350 GeV | 350 -110(4 GeV

IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014



SINGLE DIFFRACTION -
SUMMARY

00 GeV/c + [OTEM

E (extrapolated to M|, <0.05s
SR (M, <0.05s)
v UA5 (M?<0.05s)
A UA4 (M;<0.05s)
E710 (2 GeV?/c*<M%<0.05s) ©

CMS (12 < Mix

IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014



DOUBLE DIFFRACTION -

SUMMARY
Experiment Mass [GeV] oq4(pp) [mb)
TOTEM 34 < Myigp < 8 0.116 £ 0.025
(preliminary)
PYTHIA 8 0.159
PHOJET 0.101

Mx My >10: An >3 [ 093 + 001 7.2

0 - 200 00 £+ 26

IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014




DOUBLE DIFFRACTION -
SUMMARY

— 25 L Y Y rTTTTTTYT™Y Y Y LA B A L | 1 Y =TTy 7
'g - ® KG* —— PYTHIAS-MBR (e=0.104) .
— ALICE NSD (DD+ND) PYTHIAB-MBR (£=0.08)
(=) 20 ® CDF -= GLM .
% . “— . KP -
15— Includes ND background —
- An > 3 - o
10— : -~
B | -+'_;,‘T;""’.*-- -
51— | g T L S + -
A :
o . b | 1 | V-N A L 1 A LA L.l l 1 1 NN ...
10 10?2 10° 10
Vs (GeV)
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TEL AVIV GROUP

4o, (b)dD’

Oo.:."":'."‘-;‘-'la_a_l_l_’
b (fm)

0,018 40, (0)/db” (low M)

0018 ‘

0.014

0,012

0.01

PG A V. W
3

! 2
b (fm)

0.01

o.1s
o8
0.14

012 E

0 T

dnsr,(b).'dbz (low M)

b (fm)
do, (b)/db* (high M)
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TOTAL CROSS SECTION - ATLAS

The total cross section

— —
= ATLAES Proliminan
5 : ?C'J‘T-::’l i ¥ ATLAS Pralimiary Vi=T7TTeV
= 120 » Louwer cnergy ol A a
S C o« Lower anargy andd coamio ray pp .
c ! COosenic rays - Lunrcs ty acpenoam
100 — compeTe RRpY s
80: e 131 = 1.88In(x) v 1. 42007 (n) * I QTEM — e L L By e e ncer
F /’, . 1 Inciepencect
} [ — e g
80 -~
. T LT
40 _wa‘."‘" ! s ATLAS B Lur oS ty QepenoarTt
IS L .. nl® 3
20 o . -
- o P TT SEPE SPUT T U [ SEPETU U SPUPU S U S U U TP L S
ey et & nan - . o4 25 58 160 0% 0 118
AAD A oA ¥ » -
g 10 10° 10° 10° ¥ o —» X Jfmt]
18 [GeV)

Energy evolution of o, Comparison with TOTEM measurements

T, — 954+4+1.4mb _ Elastic cross section from the
. A e o g integrated fit-function (nuclear part)
o, = 240+t06GeV "~ 3

o CT;‘. 1+ o :
. “ B 16x(hc)
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FUTURE PLANS
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ALICE FORWARD DETECTORS

Inner Tracking System (ITS) Forward Multiplicity

Magnet
9 Detector (FMD)

pp: L < 5¥10™ cmv’s?
VZERO FMD

ADA/ADC UPGRADE FOR IMPROVED FORWARD

COVERAGE:

8 + 8 PMD QUADRANTS AT BOTH SIDES OF THE

EXPERIMENT. e o 2oz ey
| | §d



ALICE FORWARD DETECTORS -
ADA/ADC COMPLETE THE COVERAGE

VZERO-C VZERO-A
-3.7 to -1.7 281t05.1
FMD-C SPD outer layer FMD-A
-3.4to -1.7 1.5 to 1.5 1.7 to 5.0
SPD inner layer

1 | ] | | | | | | | |
< | | | | l | | | | | >
-4 -3 -2 -1 0 1 2 3 4 5 6 n

gap A

gap C activit
Yy
-3.7<n<-0.9 -0.9<n<0.9 0.9<n<5.1
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ADC FORWARD TRIGGER EFFICIENCY

9
1~
g | With ADC
= |
w | N 50% acceptance at 3 GeV
0.8
5 efficiency down to lowest
i : N* masses
Without ADC : :
0.6— v :
| Y% |
e e | BESEN Sus
0.4 |k
0.2 . 1-arm-C-side 1
— = SPD+FMD+VZERO ‘
B AD in coinc, IAti< 0.6 ns [N §
f— . [ 1 L :‘ § X
O1 1 L Lol bk l_.|1{0 S R L1 L I’_102l I 03
M, (GeV/cd)
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ATLAS FUTURE PLANS

ATLAS

LHC beam ngh p’r even
S .\\
\.
4’04 Diffracted
% SEEE— 206 m protons
214 m 3D Si

214 m 3D Si
Timing

Christophe Royon in Diffraction 2014
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ATLAS AFP

Proton leaves the interaction intact, travels through LHC optics and is detected at ~210 m

~ b o .'
M.=& Pl } . ATLAS S of ATAs D l "
T \ 919 ,."( bmm lllgh p‘l""“ : ..: o : . ) _
e — %Lé ; ".‘ n ”

e ———— —'—f-l ‘ g ’: ¢ -

. ‘ lh"ﬂ'mwd :

204 m mrelons )

212 m 3D Si
212 m ADb S|

Thning

AFP: 2 stations on each side of Inter.Point with tracking detectors at 204 and 212m
and timing detectors at 212m

What is AFP?

1) Array of radiation-hard near-beam Silicon
detectors with resolution ~10 um, 1urad

2) Timing detectors with up to ~10 ps
resolution for overlap background rejection
(SD+JJ+SD)

3) Roman Pots




AFP PHYSICS GOALS

210+210atIP1 '

PL.am+zom  Diffraction Two-photon
07

08
05
04
03
02

Acceptance (IP1 220m +220m)

0.1

".' , &0 .. :
007200 400 600 800 1000 1200 1400 07200 400 60 80 100 1200 140
Mass of Higgs (GeV) mass of wo-phatons [Ge]

Mass and rapidity
of centrally
produced system

where &, , are the
fractional
momentum loss of
the protons

Mass resolution of
3-5 GeV per event

Allows ATLAS to use LHC as a tunable Vs gluon-gluon or yy
collider while simultaneously pursuing standard physics program
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AFP PHYSICS GOALS

In a fraction of Forward Physics: one or both protons stay intact: measure them with AFP anc
provide § & t (these make up around 20% of total pp x-section)

Single-tag: Single Diffraction p*

~ Jets, W, Z: Soft survival prob. S2 P P:= ‘Pomeron, a color-less object

~ Particle spectra, Gap spectra: SD vs. DD with Q-numbers of the vacuum

Double-tag: Double-Pomeron Exchange

~ Dijet: constrain gluon content of IP \Pv;;:i:’ \P'r v"

~ y+Jet: constrain quark content of IP (I: ; b}i

~ Jet-gap-jet: test BFKL IP _,'3/'\ _'_Bi _'d?'\
Double-Photon Exchange —~—

~  1y— WWI/ZZky: Anomalous quartic couplings — sens. ~x100 wrt only central det. B e

¥
Ty— nu: calibration/alignment of AFP PALY

N

"'\
Central Exclusive Production

Dijets, Trijets: constrain predictions to CEP of Higgs (S?, Sudakov suppr., unintegr. f,)

)|
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Zero Degree Calorimeter - ZDC

Quartz fiber Tungsten sampling calorimeter
for neutrons and photons at [n |> 8.1 S

ALICE

ATLAS/LHC{
140 m from the IP

CMS/TOTEM

Reconstruction of n’, n, 11", A, £, A

IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014



timing

Roman Pot detector system

study of combination: Si strip- Si pixel- timing (schematic)

CMS ip5

RP + 200m

SHOWER

beam halo

pileup bunch crossing

—>

tracking
40 MHz-VFAT PIXEL

Si-strip detector detector

timing

RP - 200m
SHOWER
PIXEL 40 MHz-VFAT
DETECTOR Si-strip detector
L |
rigger

double arm coincidence

i

trigger

IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014



EXTEND FORWARD ACCEPTANCES BY

SHOWER COUNTERS
Rapidity Gap Veto - Detector Lay-Out

veto counters

¥ 60m ~ 140m
magnification x vs. y: 70 50
cm
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FORWARD DETECTION EFFICIENCIES ARE

FSC Efficiency (%)

IMPROVED

- FSCs see forward particles
| — O . * * *
5 e (€ =50%) with rapidities [n |> 8
B e 1 1Hitrequired
- 70 ° ; 51'1';? ) Fwd particles detected via inter-
- 0 w8 SHts " actions in the beam pipe
|_ =/ | I | | T s I I | | I | I | | I | | | | |
7 7.5 8 8.5 9 9.5 10 105 11

n

IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014



MICROSTATIONS

Space for other services Nitrogen out

hector
encoders

nitrogen In
Connectors for one 9

detector
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uStation

Inch worm motor
Emergency

actuator

Inner
tube
for rf

fitting Jpite

for
cables
and

cooling
link

Space for
encoder

IIP lectures - R. Orava al 21.10.-1.11.20.2014



do/dt [mb / GeV?]

Physics priorities vs. the initial phases of the
LHC - Elastic scattering & o,

Coulomb — nuclear interference

2 ppat14TeV | s = A

: (BSW model) & (1) p* = 2m-18m??

=\ Pomeron exchange ~ e —Bld -10 £ do eI/ dt (large —t)

10 8
o diffractive structure (1:x 1 10 % (2) ﬁ* = 90m
2):x 10 4 9
3 @Grx1s50 [0 @ dOe|/dt (moderate —t)
4): x 1000 A F

3 25;:1 10000 10 Ojot & L(qwck & dirty?)

- (6): x 50000 |- 102 D,

: aa
oL 3 _ . *im

(1,2 pE1540 m>_PQCD ~ I~ 0= (3) B* = 0.95m

g " -1 I8 dGe|/dt (large —t)

£ (3,4): B=90m

-~ -0.1
CE (): p=18m . (4) B* = 1540m
L . (6): B=0.5m 107 dO‘e|/dt (small —t)

’ ’ ’ S [Gev? Oyt & L (TOTEM TDR)
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Elastic
scott.

Non diff.
inelostic

Physics priorities vs. the initial phases of the
LHC - Single diffraction & low-Xx

CMS

Castor, & Castor, (1) [3* =2m -18m??
ZbC, 420m  calorimety  £DC. 420m do°P/dEdt (limited acc.)
J||L (2) f*=90m

dOSD/dEdt (50% acc.)
semi-hard diffraction
low-x phenomena

TIME?

(3) p* = 0.55m
dO’SD/dEdt (limited acc.)
low-x phenomena

(4) B* = 1540m
doSP/dEdt (85% acc.)
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P,

Py

Physics priorities vs. the initial phases of the
LHC - Central diffraction

(1) p* = 2m, 6m, 18m??

do“P/dM,dt (hard cD?)
X4 g X (2) p* = 90m
Q, Rz (M.y) doCP/dMydt (soft & seminard CD)
X, % < (3) p* = 0.55m

d()’CD/d det (hard CD, discoveries)

TIME?

(4) B* = 1540m
doCP/dt (soft CD, E-t coverage!)

IIP lectures - R. Orava - Natal 21.10.-1.11.20.2014



