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| Diffracted p?

= Soft interaction between p
» No dissociation
» Continue moving in the
beam pipe
» Detected far away from
the interaction point

Ty

}r Incoming protons

scale! .
Near Roman Pot Station:

* 4 silicon tracker planes
C

sl
‘i Far Roman Pot Station:
1 * 4silicon tracker planes
* 4x4 L-Quartz bars




Integrated luminosity

Physics with diffracted protons

Standard Model Production Cross Section Meast

A r = High cross section processes: — P
‘.Cé 10" E A veue ATLAS Preliminary
» Total cross section with ALFA b S - Run1 y5=7.8 TeV
» Single/double diffraction (differential ok %
c L e
o distributions) " .
+— 4o
@ » Other processes 0F iy e
n . o
) ) 2 b o L &2
0 » Medium cross section: T e an S atimeny
o 10! - e > W TR
o » central exclusive production 1 ::’ - 2= =
Ll u
= Low cross section: ot B = = o
. . f = ° =3
» Quartic Gauge Boson Couplings 10 g -
a
» FCNC in top quark production 107

v » Searches: dark matter its ¥ W Z & ot W o H o\



Physics with diffracted protons

>

Integrated luminosity

Cross section

\4

= High cross section processes:

» Total cross section with ALFA

» Single/double diffraction (differential
distributions)

» Other processes
= Medium cross section:
» central exclusive production
= Low cross section:
» Quartic Gauge Boson Couplings
» FCNC in top quark production

» Searches: dark matter

}x(Mx)



Physics with diffracted protons

>

Integrated luminosity

Cross section

\4

= High cross section processes:

» Total cross section with ALFA

» Single/double diffraction (differential
distributions)

» Other processes
= Medium cross section:
» central exclusive production
= Low cross section:
» Quartic Gauge Boson Couplings
» FCNC in top quark production

» Searches: dark matter

W/ Z[~

W/ Z [~




A-side ATLAS C-side

sector 8-1 Interaction Point 1 sector 1-2
AR p Q6 AFP Q5 Q4 TCL4 Q3 Q1 Q1 Q3 TCL4 Q4 Q5 AFP Q6
L . | RN E
d LJ o |
DeteCtO rs ALFATCL6| TCL5s D2 D1 Q2 - "Q2 D1 D2 Tcl5 |rcLeALFa

ATLAS

» Two sets of detectors

Roman Pot

» ATLAS Forward proton tagging detectors (AFP)
Detectors » Absolute Luminosity detector (ALFA)




A-side ATLAS C-side

AT L AS sector 8-1 Interaction Point 1 sector 1-2

Q6AFP Q5 Q4TCL4 Q3 Q1 Q1 Q3 TCL4AQ4 Q5 AFP Q6
(mEnIEeEe v = 11

Roman Pot ol S ol |V =
ALFATCL6|] TCL5 D2 D1 Q2 | Q2 D1 D2 TCL5 [TCLBALFA

Detectors

- electronic cards

Luminosity

detector (ALFA)




ALFA

= Measure scattered p at mm

distance from beam
» Resolution: 30 pminx, y

» Precise alignment
Overlap detector 10 ym

precision
m Square scintillating fibres
» aluminised (body, top)
» Staggered layers
= Read out by MAPMTs




ALFA

= Housed in Roman Pots to
approach the beam
m Operates at low luminosity

and with special optics
» L=1027cm-2s-1
» High g*

N1-N2~n-f-'y
4.71-.5.13* F

Luminosity: L =

B*
l__
c/2

Interéction
Point




Resolver  5.720 R-M0O.00 Resolver B.529 R-M0.00 Resolver 6.256 R-M0.00 Resolver
Motor  5.720 Motor 6529 Motor  6.256 Motor

D e t e c t o r VDT = 5.703 1 VDT B6.473 I LVDT  6.282 A VDT
Control System |

= Main Portuguese &5 57
-48.000
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» Safe operation of the T TR
RP1 (B7L1U) 2 || RP5 (A7R1U) OK ) CAN /ELMB
detector UserP T T RP2(B7LIL) READY 51 RPB(ATRIL) | READY OK 4 MarathonLy
. . UserF2 T T RP3 (A7L1U) READY 0 RP7 (B7R1U) READY OK 4
» Monitoring and control e 1 D [ Freerin RO ok ol Ree GTRiL) L READY oK 2

— e
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ATLAS Forward Proton Tagging Detectors

A-side
sector 8-1
Q6 AFP Q5 Q4 TCL4

Q3 Q1

ATLAS
Interaction Point 1

Ql Q3

C-side
sector 1-2
TCL4 Q4 Q5 AFP Q6

ALFATCL6 TCLS D2 D1 Q2
FAR station NEAR station
-217.909 m -205.824 m
Time-of-Flight Silicon Tracker SiT
bar plane plane
0 P3P2P1P0 P3P2P1P0

il ||

A

150 distance , ‘

g
y
-

o

-~

Q2

D1

D2 TCL5 |TCL6ALFA

v

NEAR station

205.217 m

v

FAR station
217.302 m

SiT
plane
PO P1P2P3

Il

Silicon Tracker Time-of-Flight
plane
PO P1 P2 P3

/)

150 distance | '

beam 2

Installed 2016

diffractive protons

beam 1

Installed 2017



AFP

= Tracking detectors:

» slim-edge 3D ATLAS IBL
pixel sensors bonded
with FE-14 readout
chips.

» OX=6pum, oy =30 pum

» Trigger: majority vote (2
outof 3)




AFP

= Time of flight measurement
» Pile-up suppression

primary vertex zip and ztr
» O ~20ps

® Quartz bars (@ Cerenkov angle

= Readout by Photonis MCP-
PMT

= Horizontally inserted RP




AFP Detector control system

(b)

Arm Side A ﬁman Pot (RP) Roman Pot (RP) \
Near Station 205 m Far Station 217 m

Arm Side C

3D Silicon Tracker
o' Time-of-Flight (ToF)

Beam line % 1| 3D Silicon Tracker (SiT)

Distribution panel . 4
Optobard -
LV Stage 2 = ToF
N\ bAG

Boards

-n g DCS PC Linux SLC6
i - VM2008
—

Roman Pot movement servers HC tunnel /

i Secondary vacuum and cooling control

330 m distance
Supply: . ) .
HV, LV Stagel, CAN bus, Optoboard » Provides tools and services for detector operation
A = Main challenge: cope with the large variety of sub
monitoring Interlock

' VME DAQ Crate j systems 14




AFP Detector Control System

FinitEStatEMaChine [ Infrastrulcture ]
Archiving posiion
Temperature |
Alerts I
.
Graphical user
interfaces PLC
VME
s
A
an




AFP installation and data taking

Staggered installation
» Firstarmin YETS 2016
» Second arm and ToF detecto in YETS 2017
Operation experience
» No ToF measurement due to problems with MCP-PMT

- Solutions in place for Run 3

» Very low ToF efficiency but good timing resolution (g:=20-25 ps/p)
2017 data available for physics studies
For Run 3:

» New ToF detectors

» Out-of-vacuum PMT solution —> long lifetime of the PMT

» picoTDC: improve the timing!

16



Integrated luminosity

Physics with diffracted protons

A ATLAS Preliminary
Run1 s=7,8TeV
o distributions) 10t b i
= 4o
() r
U » Other processes I
wn . . 102 A o 0*"' A
) = Medium cross section: L L omn S e
9 10! | o | P n*”:A
o » central exclusive production f a3 &
1F 2B o o B
= Low cross section: ok Bl = = e
ff = ® =8
» Quartic Gauge Boson Couplings 102f . g -
F a
» FCNCin top quark production 107 F

v » Searches: dark matter its ¥ W Z & ot W o H o\



Total Production Cross Section Measurement

arXiv:1408.5778  arXiv:1607.06605

= Fundamental parameter of the strong

Interaction

» Study its evolution as V' s increases
» Measured using the optical theorem

» Needs independent luminosity measurement

= As small t as possible
» minimize model dependence!

» special optics needed
- [*=90m

Trot = 4mlm [ fe (£ — 0)]
\/

Elastic scattering amplitude
Extrapolated to zero momentum

Transfer
dO- 1 ia 2
o - EVN(I)'*‘JCC(I)C 0|
2
fc() = —87rath|tY) ,
N = (p+1) e Bl

18



Total Production Cross Section Measurement

» 4-momentum transfer:

» Use matrix method

w = {x, y}

= Back-to-back p tracks

» Reduce beam-halo backgrounds

Vs=7 TeV, 80 ub"'

y(237 m) C-Side [mm)]
S
|RAEL) LA R

P - Lol | I ..l | aadaaaal L
20 15 <10 -5 0 5 10 15 20 25
(237 m) A-side [mm]

= ATLAS

e ¢ Dataarm1 -
[ Antigolden background 3
——— DPE background 3

19




Acceptance

Relative eror  Relative error

Total Production Cross Section Measurement

0.7~ 3 . .
E ™ ATLAS Simulation i - Correct for acceptance and reconstruction efficiency
- |"‘ - . . .
08 s=8Tev | = Luminosity from Van der Meer scans calibrated at 1030 cm-2s-1
4 E » Precision 1.5% — 10°E
o & 2 - ATLAS i
: 1 = Dominating uncertainties: S F wof
- B E 5 Is=8 TeV, 500ub™' 250 S
i ] » beam momentum, luminosity ¥ 10°F 200 ~
- ] 2) - ) 150 T
E © C .’o. 002 004 0.6
] i o
r o1 ' ' ' ' 10 ® 2012data Ce,
1 5 L amas E — Elastic fit .’0'
g 0.05[- 15=8 TeV, 500 ub” ] - -’-_._
008 NE R 1E = jy Ztot B2 -
R ......,.~...mmm\\\\\\\\\\\\\\\\\\\\\\xé - ND = (p+1) e .
) DOTotal - ——
0.1 ([Sstatistical = i \ | | [ L
0.1 ' ) ) "E .g 0.1E,
\ - S L2
0 SRS - “u“\\\\\\\\\\\\\\\\\\\\\\\\\ = « -0.0.5 o %&h‘l‘.’g&r eveccs,,
o Cafotal \\f | Eminar L . 3 N o® 0T 075 0z 0% 03 03
B Statistical . . BE 0 005 01 015 02 025 03 035 i t[GeV7]
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 £ [GeVA) 20

-t [GeV?]



Total Production Cross Section Measurement

50

C 104 F [
- e ATLAS i
. o . C TOTEM ¥} ]
= Significant improved 200F" 5 Lowerenerey b1 A+/I*_

T o Cosmic rays

o [mb]
8R 8

- —— COMPETE HPR1R2

measurement with respect to 1501 - 12.7-1.75 Ins) +0.18 In'(s)
previous ATLAS publications! soof

50

Ot = 96.07 £0.18 (stat.) £ 0.85 (exp.) £ 0.31 (extr.) mb
0 = 24.33 + 0.04 (stat.) + 0.3? (syst.) mb

Tinel = 71.73 £ 0.15 (stat.) + 0.69 (syst.) mb 21



Inelastic cross sections measurements

Ginel [mb]

E RN T T A
- ATLAS (MBTS) — Pythia 8
100E ¢ ATAS ALFAl - Ebos LHC 3 » ALFA measurements at 7 and 8 TeV
90 v TOTEM --- QGSJET-I = . .
g  AUCE E = Other measurements using MinBias
C ¢ -
- A 3 . . T
705 . b tnon-LHO) E scintillators and rapidity gaps
604, E - Sensitive to events with
505 , €
40 ﬁw% o I”°"’9‘°" g Myx > 13 GeV
L PEN L E
205 ATLAS &= M)z(/s > 107°
- ""'1"0 = 1(')2 — Complementary method, not sensitive
to the elastic cross section N Largest Gap o lmin Iy
Only sensitive to inelastic events ay iy 7\ X
(including single diffraction) :jff:::’<—\ /;\ ’3




Physics with diffracted protons

>

Integrated luminosity

Cross section

\4

= High cross section processes:

» Medium cross section:
» central exclusive di-jet production
» Low cross section:

» Quartic Gauge Boson Couplings
» FCNC in top quark production

» Searches: dark matter

Standard Model Production Cross Section Meast

AQ w20 _
AD neassc ATLAS Preliminary
Run1 s=7,8TeV
%o
s
x0
A O
S
Pr 00 ! o A 0
il -
e o © O -ﬁfro ﬁ:w.
A n'“l “l'.: *\.,P OAym
nz2
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e - L
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Single Diffractive Differential Cross Sections

arXiv:1911.00453

= Diffraction important to understand }X (M)
» Low-x proton structure

» Cosmic ray air showers

» Pile-up modelling p ~ p
o (t)

= Phenomenologically described by the

T
—~
>
©
D)
°

exchange of a pomeron

= Large uncertainties on predictions for the LHC }Y }x

©

= Previous ATLAS measurements exploited p

large rapidity gaps o4



Diffractive Differential Cross Sections

. arXiv:1201.2808
;2; ' ATLAS ' '—0'— Data L'=7.1;lb" '
B }x(Mx) 5 38 b2 508 VeV 2 om diacive
5 2 Single Diffractive
1‘5' [ZZ72 Double Diffractive
P - P p - 1
® ® 05
= Previous ATLAS measurements: inelastic cross g ;
section as a function of rapidity gap Bt s T
» Clearly establish the presence of diffractive component £ B “amas ' —— osat-riw -
%—2»5' \F{E:ZO?\&GV A ZQH:gis;;active —E
» Cannot distinguish between single and double 8 2 e
1.5 [T Central Diffractive =
diffraction | el
» Large uncertainty on model predictions!! 80'5_ R A e ey
: : 815k, |
= Forward proton tagging can see the differences! 2 PR
2 3 4 5 6 7 8 25



Diffractive Differential Cross Sections (@ 8 TeV

P }X(M") P
P 5 p P & |
» Recent measurement of single diffraction ID (Inner Detector) = Central tracker
» Exclude double diffraction/non-diffractive ALFA armlet
» Identify intact final state proton with ALFA ALPA Roman Pote o Detector .-J‘H
- Local precision: 30 um (x, y) moml n 240m
» Dedicated data taking in 2012 (high 8*) _._./ )
» ALFA measurement of 4-momentum \
transfer t and M)% -

g=—%

$ 26



Diffractive Differential Cross Sections (@ 8 TeV

arXiv:1911.00453

X E'*p;
= p E loss reconstructed from ID: & ~
» Min pT 100 MeV \/E
» Corrected for neutral particles
» Cross-checked using ALFA Eo=1— &
» Backgrounds: s E,

» Central diffraction: estimated from MC

» Overlay: pile-up, beam background, ...
- Data driven: activity in all MBTS, accidental p

» Modelling cross checked with validation region

OO =

x10°
§ 600 ATLAS Prelimi ¢ Data
& reliminary = SpD x 0.64
Vs=8TeV m Overlay Background
500 mCD
mDD .
400 '
300
200
100
% : 5 -2

log,, & (ALFA)

ATLAS Preliminary %283 64

ls=8 TeV -85erlay Background
n

mDD

" Validation gion

27



Diffractive Differential Cross Sections (@ 8 TeV

arXiv:1911.00453

Bayesian iterative unfolding

Dominant systematics

> T T T T > 02pTrTr e —————
< E --- Total o 3 < --- Total o ]
8 o5 —— CD Normalisation = 8 o155 —— CD Normalisation -
g o Overlay Background 3 g C Overlay Background ]
c 01 —— Hadronisation — < c _.. — Unfolding ]
-] E T e T T T T T T T T T e e - - o] 0-1:__ .
% 0.05Fs=======-- = -% = 3
c ] 0.05 -
S . £ - 4
CIE.) 0— — Q C
B . 20
> c . > =
@D -0.05= = 2 C
© Eemmmmmeo - fmmmmmemead S 05 =
S 01 meeeeeeeeeemmmmemeee - S E =" 3
5 o - © L ]
S 015 ATLAS E & -0 ATLAS =
uw E Vs=8 TeV 3 w C Vs=8 TeV =
C R | | 3 R[] NI T T I I I B B B
-0.2 35 3 Y > 0 05 1 15 2 25 3 35 4 a5
log,, & Anm



Diffractive Differential Cross Sections (@ 8 TeV

arXiv:1911.00453

—_
o

. ) '_3‘ ?"'I""l""l‘"'I""l""é""l""I"'jg
Pythia 8 A3: E B ' PVTHIAB A3
: : s oo e PYTHIAB A2 -
» Tripple Regge formalism < el I — — HERWIG7 ~ _
A T O ¢ E
» Pomeron with trajectory a(t) = a(0) + o't g F f e ... L]
» ‘Donnachie—Landshoff’ pomeron flux factor 10 - Yog Tev , L
F 0.016<Itl<0.43 GeV 3
Q/(O)=107 © :::-?Q(J{T:I?%f’g:f:-:.}s::::}::::}::::}::::I::::{:::::
og 4____ ,_J_____—:
Pythia 8 A2: 88 b TEITSmeemT T
» Schuler-Sjostrand pomeron flux factor a(0) = 1 B T B N Y B Y
An
H1 2006 Fit B diffractive pdfs 4.0 < log o é < ~1.6
Herwig7: similar model to Pythia A3 but final state 0.016 < |1] < 0.43 GeV?
particle dissociation according to multi-peripheral model 29



do / ditl [mb GeV?]

Diffractive Differential Cross Sections (@ 8 TeV

arxXiv:1911.00453
IIIIIII|II]lll||ll|lll|lll||llllllII '30.8_"" 3‘1.4‘“‘ . T T .
= 0.7} E I
10~ ATLAS - ap 120 i ]
- Vs= 8 TeV 1 & oef s ]
C 0016<ItI<0.43GeV®? ] 9 12 1 [ T p
i -40<log £<-16 1 2 sk 4 3 I I -
: 1 3°% LS bt
T ,4f  ATLAS 1 © I l
i ] P Vs=8TeVv . 0.6 ]
03 0016 <Itl <0.43 GeV? 3 r
Data | 40< |091OE <-16 ] 0.4 T oMs.7Tevlog M /Gev) <05 ]
0.2 3 3 L 1
E + Data E : I ATLAS ,8 TeV SD, all
1 — Exponential fit - of 1 _ E 02 8 7ToV SD, alt B
C 3 . riple Regge Fit 3 - ATLAS
'lllllllllllllIllllllllllllll[llllll[[‘ G_“"I""I"“I""I"'_ G.H.\“..JH..\...\J...\I..\.I.H.I‘...l....l..u
0 005 01 015 02 025 03 035 24 35 -3 25 2 -6 -55 -5 -45 -4 -35 -3 -25 -2 -15 -1
lo
Itl [GeV?] 9508 log, &
2a(1)-1
. " do |
= Exponential fit: A (M2 )x©O)-1 ¢Bot
déde ¢

B = 7.65 + 0.26(stat.) + 0.22(syst.) GeV ™

» Agreement with Donnachie—Landshoff/Schuler-Sjostrand within 1.66/0.5¢
30



Physics with diffracted protons

>

Integrated luminosity

Cross section

\4

= High cross section processes:

» Lo

» Total cross section with ALFA
» Single diffractive deferential distributions

» Other processes

edium cross section:

» central exclusive di-jet production

ction:

» Quartic Gauge Boson Couplings
» FCNC in top quark production

» Searches: dark matter

Standard Model Production Cross Section Meast

10°
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Central-exclusive di-jet production

ATL-PHYS-PUB-2015-003

proton

e = Exclusive: only di-jet system produced centrally

O
N
o
Po

proton

» No colour exchange between p

» Central system: JPC = O++state

A

proton » Measurement requires AFP detector
AFP 204 m
up 1 I - 1 100 . L] .
goerprprevysosemoent > High luminosity needed E
B ATLAS Simulation Preliminary 80's . . 5 —1— Pproton
S0.15 . g » Proton kinematics measurement p
2 '".r-l'. 60§ Pbeam
€ o ¢ » Proton-vertex reconstruction —> ToF
g 408
a 3

- Background rejection Zye = C(t4 — 10)

n
o

0

o

1
0 1 2 3
proton transverse momentum P, [GeVic]



CEP dijet expectations at ATLAS

ATL-PHYS-PUB-2015-003

= p energy resolution:

-
w

reconstruction resolution, & [GeV]
o

s=14TeV,z=204m,p*=0.55m

wn

[ --m- detector resolution, 3] = 10 um, a‘: =30um
[~ —»— multiple scattering, of_y = 1urad
| -w-vertexnotknown,, =12um

—e—all effects

| ATLAS Simulation Preliminary

0.15
proton relative energy loss, &

» Requires especial triggers!

arbitrary units

102

» Event selection based on

exclusivity
= : : —— exclusive jets
| ATLAS Simulation Preliminary 1
non-diff. jets
i -«-- single-diff. jets
---- DPE jets

b
=23 77 Vs=14TeV
T a7 L=40fp"
el =23
| : ] o !
2 -1 0

|
o 2
rapidity difference, Y, - Yy

L. ATLAS Simulation Preiminary

—— exclusive jets

T
1
|
|

2
5
§ non-diff. jets
= I <o+ single-diff. jets
F 10" s - DPE jets
[ Vs=14TeV
L=40®"
i nw=23
107 .
L 1 tn D1
-100 -50 0 50 10
Az (mm)
-'g 03— ; { —— exclusive jets
=1 | ATLAS Simulation Preliminary | | non-diff. jets
> .
g I
S0.25(- | | .- single-diff. jets
€ [ | ---- DPE jets
02 } }
I~ |
015 |
L B ‘ Vs =14 TeV
i L=401b"
0.1~ :. [ u=23
005 |
Lt
',‘l . T dobas
0 05 1

33
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AFP Central Exclusive Production di-jet trigger

» Being developed at LIP
» Start from coincidence L1 and AFP
» Reconstruct HLT jets
- pT threshold on jets
» Reconstruct AFP tracks

- Require two good tracks

- Match track kinematics to di-jet system
» Reconstruct proton vertex using ToF

- Match to primary vertex reconstructed
with ID tracks

= Can be the base for new AFP based triggers

L1_J75 & AFP_L1xxx %3
J
| TrigJetRec |
@ Tools:
Cal —)P\FP_RawDataProviderTool‘
Y alls|
HLT::FexAlgo | Trig_AFPSiTrkReco >|| AFP_Raw2DigTool |

—* AFP_SidLocRecoTool |

HLT::Hypo

AFP_ProtonTransportTool ‘

TrigAFPJetAlITE

HLT:FexAlgo | EFBtagFexSplit EFID |

AFP_TofRecoTool

HLT::Hypo rigAFPToFHypo

34




CEP dijet expectations at ATLAS

ATL-PHYS-PUB-2015-003

min
T

exclusive jets

- non-diffractive jets
- single diffractive jets
- central diffractive jets

Y
(%))
o
o
o

ATLAS Simulation Preliminary

-
o
o
o
o

AFP (& = 60%), o(t)=10 ps

number of events above p

Vs=14TeV,L=300fb", u=46

200 <M, < 660 GeV/c®

150 200 250 300
leading jet transverse momentum, P, [GeV/c]

min
T

number of events above p

L exclusive jets
T +ou
] “+o..®0,
20001 o
- + Oyat ® Ops D Oy

. ATLAS Simulation Preliminary

e
o
o
o
|

1 AFP (e = 60%), o(t)=10 ps

Vs=14TeV,L=300fb", u =46

- I 200 < M, <660 GeV/c®

. | '
150 200 250 300
leading jet transverse momentum, P, [GeVI/c]

Dominant uncertainties from
combinatorial background (ND
events)

Improvements require

» improved background
measurements

» Good timing resolution
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Other physics topics

Diffractive jets with ALFA

g

Events per fo~'/ 0.001
n

g

£

Charged particle distributions in diffractive events :
Single diffraction at 13 TeV

Exclusive dilepton production n _:
Exclusive pion production g =
Strange production in diffractive events e

And more results to come... g FE —

e ]

STOM7, AB 21288 100, vi.&d dat?, mot &d

I I
ple (Event / 1)
wiodK 70820 /4.88) = 178387
wiod (782217 /4.38) w 163307

——— PerodF (4888147 241) = 192284
——— ParbdE 69169 /1.12) = 231401
—— PeriodD (E77200/ 336) w 171818
—— PearbidC (2960887 126) = 181268

N TTTRR “ PerodH (3682687 181) » 22080 4

0

20 40 60 80 100 120 140
P, [GaV]
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Physics with diffracted protons

>

Integrated luminosity

Cross section

\4

» Total cross section with ALFA
» Single diffractive deferential distributions
» Other processes
= Medium cross section:
» central exclusive di-jet production

» Low cross section:

@artic Gauge Boson Couplings >

» FCNC inTop quarkproduction

» Searches: dark matter

Standard Model Production Cross Section Meast

= High cross section processes: —

10°

AQ w20 _
AD neassc ATLAS Preliminary
Run1 s=7,8TeV
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Quartic gauge boson couplings

» AFP converts the LHC in a photon-photon collider!
» Triple and Quartic Gauge Boson Couplings introduced in the SM due
to the non abelian nature of the EW symmetry
» \/ery precise predictions:
» WWWW, yyWW, WWZZ exist
» ZZ77,yyZZ: only at loop level
» Might be modified by BSM physics
» Exclusive production
» Match kinematic properties of central system and in AFP

» Timing information important for vertex reconstruction and pile-up
suppression

W.Z,vy

W,Z, v
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Search for yy—yy anomalous couplings

» New physics at a mass scale A >> E accessible Lo =G B FT B FY 20 B FUE P
» Effective Lagrangian with new operators (dim-8 for photons) p p
- Loops of heavy charged particles could contribute ¥ )
- Proporcional to (charge)*
Enhanced for particles with large charges (composite Higgs models) ~ y
- Extra dimensions models, strongly coupled conformal extensions of the p

SM predict couplings ~10-13, 10-14

» Backgrounds:

SM yy—yy produced via gluon/quark loops, yy—ee

CEP yy production
CEP di-jets misidentified

Accidental coincidence of non-diffractive yy + diffractive proton

interactions



Events

Search for yy—yy anomalous couplings

= Background rejection:

10%E

» Large invariant di-photon mass

» Matching pp kinematics to di-photon system

- Rapidity, missing mass, vertex

——— Signal

-~ Excl. background
DPE background
e'e’,dijet + pile-up
Yy + pile-up

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

. L,=10"Gev*

(=10 Gev* ",

Vs =14 TeV
L =300 fb™
u =250

Illlllll 1Ll

Events

1 llHﬂ‘ll 1 IIlIllll 1 Hlllﬂl 1 HIHIII 1 IHHIIl

|||||||||

\ o
500 1000

!
150

0 2000
m,, (GeV)

’é‘ 0-7: T T T T 7 T T T T ]
=] §8E p ATLAS Preliminary ]
2 r - Siat1.5 mm
§ 0.5:_ ==:2mm
8 F A P E
o 04 /7S 3
P s / ]
g 03 F -
© F ' .
g‘ 0.2 =
8 F / ]
< o =
0.4F [/ =
c:ju:"i { EFEPII T REITN LPurll) Hrae T PLN B e | ks =
5 200 400 600 800 1000 1200 1400 1600 1800
10° " " T T Ty mass of two-photons [GeV]
S s=14TeV ;
N xcl. background 4
107 - vy + pile-up L=300fb" <
= (,=10"2GeV*
1 E— e T ﬁ ,,,,, —;
o'l §,=10"Gev* 4
E||||I|.|I||.I||‘I\..]...I...I...[E
02 04 06 0.8 1 12 14 16 1.8

From M. Saimpert, E. Chapon, S. Fichet, G. von Gersdorff, O. Kepka, B. Lenzi, C. Royon;
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Y
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Search for yy—yy anomalous couplings

L., =CF FYF F*+C]F F°F F™

Y

e : : : : p
= Sensitivity reaching extra-dimensions models with 300 fb-" of ?
4
collected luminosity! W. 2.7
oy W,Z,y
Luminosity 300 fb! 300 fb! 300 fb! 3000 fb~!
pile up (u) 50 50 50 200 p
coupling >1lconv.y | >1conv.y all y all y
(GeV™) So 95% CL 95% CL 95% CL
4 £f. 1.-107°% 9.-1071 5.-107% || 2.5-107"1
{1 no f.f. 35-107% | 25-1071 1.5-107% || 7.-1071
OH fL 251075 1.5-107% 1.-10°5 [ 45-107"
(> no f.f. 7.5-107% | 55.10714 3.- 10714 1.5-107
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Quartic gauge boson couplings yyWW, yyZ2Z

= Similar process

= Allow to impose limits

on dim-6 operators:

CERN-LHCC-2011-012

o

5

2 W
—e“ ayg

8 A2

2 W

16 A2

yFRYW oW = —

FuaPP/(WHW5 + W W) - o= O,

Couplings | OPAL limits [ Sensitivity @ £ = 30 (200) fb™*

[GeV~2] 50 95% CL

a’ /A% | [-0.020, 0.020] | 5.4 10-° 2.6 107
(2.7 1079) (1.4 1079)

af/ /A* | [-0.052, 0.037] | 2.0 10°° 9.410°°
(9.6 10-°) (5.2 1079)

af /A* | [-0.007, 0.023] [ 1.4 10 6.4 107°
(5.5 107°) (2.5 107%)

aZ/A* | [-0.029, 0.029] | 5.2 10~ 24107°
(2.0 107°) (9.2 1079)

__© g pwgey
@ 16 cos2 Oy A2 1 «

2 Z
(& ac

B 16 cos? GVV A2 e

= Improve LEP sensitivity by more than 4 orders

of magnitude

= AFP improves the results obtained with
central detector only by 2 orders of magnitude
» Reaches the sensitivity needed for extra-

dimensions models!!
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| Quartic gauge boson couplings yyWW, yyZ2Z

= Similar process

= Allow to impose limits

on dim-6 operators:

CERN-LHCC-2011-012

L§ =

2 W
_—6 N

8 A2
2 W

16 A2

Couplings | OPAL limits | Sensitivity @ £ = 30 (200) fb~*
[GeV~2] 50 95% CL
a’ /A% | [-0.020, 0.020] [ 5.4 10-° 2.6 1076
(2.7 1079) (1.4 107)
adl /A* | [-0.052, 0.037] [ 2.0 10°° 9.4 10°°
(9.6 1079) (5.2 1079)
af /A* | [-0.007, 0.023] [ 1.4 10 6.4 107°
(5.5 107%) (2.5 107°)
a/A* | [-0.029, 0.029] | 5.2 10~ 24107
(2.0 107°) (9.2 1079)

n e? ag

F,, FF*WwWr*w-= — —— —F FM7%Z7,
H @ 16 cos? Oy A2 H

Fo o FP(WHew s + W W) — LéF
e B B 16 cos? GVV A2

FrP 77,

= Current CMS limits using forward p tagging

—0.00015 < a} /A? < 0.00015GeV 2
—0.0005 < ap /A* < 0.0005GeV 2

(al /A? = 0, Acutot = 500GeV),
(ay /A% = 0, Acyrot = 500GeV)
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Flavour Changing Neutral Currents in top production

= FCNC top quark interactions strongly suppressed in the SM

» Can be considerably enhanced in New Physics »

ATLAS+CMS Preliminary 95%CL upper limits <@ ATLAS <—@ CMS
LHCtopWG [1] JHEP 05 (2019) 123 [2] JHEP 02 (2017) 079

[3] JHEP 06 (2018) 102 [4] arXiv:1908.08461 (LH only)
September 2019 [5] JHEP 04 (2016) 035 [6] EPJC 76 (2016) 55

[7] JHEP 02 (2017) 028 [8] JHEP 07 (2018) 176
Each limit assumes that [9] CMS-PAS-TOP-17-017 [10] JHEP 07 (2017) 003
all other processes are zero Theory predictions —SM 2HDM(FV) E2HDM(FC) ¢

from arXiv:1311.2028

MSSM [JRPV BRs

t—Hc
t—>Hu

:: = Probing uty and cty couplings
ool gl » Single diffractive mode
:ﬁzu T = Main irreducible backgrounds: yp interactions producing a \W+jets

Complements other analysis done at ATLAS

t—Zu |
TN [T N N (NN A S BN B

16-‘6 10713 1'()“"'

107 107 10
Branching ratio 44



Search for dark matter

p p
» SUSY compressed mass scenario = ,
» Small mass splitting between neutralino ~ / <
- small MET, low lepton momentups P X3
-
= Photo-production of electro ' £ %0
. o : Y
» Well defined initial stg precise mass measurement -<'
l
» Clear signatures! -
p p
» Truth-level stud
1812.04886 [hep-pn] V. Khoze, L. Harland-Lang, M. Ryskin, and M. Tasevsky
Event yields / (1) pu
H< Pr.iy .l < 40 GPV |‘I]11_1,2| < 2.5 (40) L = 300 fb—l 0 I 10 ’ 50
. Aco =1 — |Ady|/m > 0.13 (0.095) 2 < my, < 40 GeV Excl. sleptons || 0639 |05 3303 19
Di-lepton AR(ly,15) > 0.3 [, —m,| < 2.3 Exd. 171 14 12 0.7
7= |y, +m,l/2 <10 \lpz1,| = |p7i, | > 1.5 GeV Exd. KTK- ~0 ~0 ~0
Wniss > 200 GeV Exc. WTW- 0.7 0.6 0.3
[ FPD | 0.02 < &2 <0.15 | Prproton < 035 GeV | Excl. e ~0 ~0 ~0
|| No-—charge | No hadronic activity | z-veto || Exd. g9 ~0 ~0 ~0 45
= - e ‘ Incl. ND jets || ~0(~0) | 0.1(0.1) | 1.8(2.4)




Conclusions

= Forward proton tagging enlarges the physics topics of ATLAS
» Single diffraction, central diffraction, ...

» Searches for anomalous quartic gauge boson couplings, dark matter, FCNC in top quark
production, ...

= The Portuguese ATLAS group has contributed to

» Fibres preparation for ALFA

» Detector control system (ALFA, AFP)

» Exclusive trigger implementation and performance
= Preparations for the Run 3 are going

» Expect a wealth of data to analyse

» Small group of people —> help is needed!
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Total Production Cross Section Measurement

& C
S 26F 2z f 1
5 250r e 5 3 °F m| ;
.E. I e ATLAS 12 P T3 ‘[E. 24— 198 F *-
o L TOTEM b J/L - 106 | 1
2001~ 4 Lowerenergy pp o [ s 221 e ATLAS 104 b 1
[ & Lowerenergy pp 0 b + E - IOTE‘M 7000 7200 7400 7600 7800 8000
. O Cosmicrays 92 20 ¢ Tevatron Vs
| —— COMPETE HPR1R2 7000 7200 7400 7600 7800 80 » v gﬁfg
2 o o
150 12.7 - 1.75 In(s) +0.14 In*(s) 18- . iR

N 16
100 -
C 14f

12 : ol — B(s)}=12-0.22 ln(sio) +0.037 |n’(sio)

50f

10: s Lol L TR A | L L
102 10° 10*
\(E[Gev?

Ot = 96.07 £0.18 (stat.) £ 0.85 (exp.) £ 0.31 (extr.) mb o2 14 p
0 = 24.33 + 0.04 (stat.) + 0.3? (syst.) mb

Tel = B 167(hic)?
Tinel = 71.73 £ 0.15 (stat.) £ 0.69 (syst.) mb

49



Difractive dissociation

x10°
2 B BN o v o e o
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» Distributions before
unfolding



Difractive dissociation

» Contro regions

+ Data

ATLAS wSD x 0.64
Vs= 8 TeV mOverlay Background
mCD
wDD
ND

0O 05 1 15 2 25 8 35 4 45
A

(e) Control Region 1

Trrrrrrrrrrrr T e e T T

¢ Data
ATLAS wSD x 0.64
Vs=8 TeV mOverlay Background
mCD
wDD
ND

-3.5 -3 -2.5 -2
log,, & (ID)

(f) Control Region 2
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CEP di-jets

Table 2: Requirements used to separate exclusive jet signal from backgrounds.

Requirement | Value

Two good quality leading jets with the transverse momentum of the leading jet. | pr > 150 GeV/c

Distance between the hard interaction vertex reconstructed by ATLAS and from [Az] < 3.5 mm
the one obtained from the AFP time measurement.

Azimuthal angle between two leading jets. | 29 <Ap <33
Difference of rapidity of the jet system and rapidity of the proton system. | lyj; — yx| < 0.075
Ratio of mass of the jet system to missing mass. | 0.9 < ':—;; < 1.15
Missing mass. | my <550 GeV/c?
Mass fraction which aims to reduce the effects of hard final state radiation. | 09<R;<13
Number of tracks outside of the jet system in 7. | nyt <5
Number of tracks perpendicular to the leading jet in ¢. | nr”r','\,i <2
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