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> What are the ATLAS Roman Pot (ARP) detectors?
> Which physics can we do with them?

> Searches for new physics

> Diffractive physics
> Status of the project
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> Two sets of detectors
> ATLAS Forward proton tagging detectors (AFP)
> Absolute Luminosity detector (ALFA)
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> ATLAS Luminosity detector ALFA
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ALFA

> Measure scattered p at mm distance from beam
> Detector resolution of 30 um in x, y
> Precise alignment

> Overlap detector with precision 10 pm
> Square-shaped scintillating fibres

> aluminised (body, mirrored at top)

> Staggered layers
Read out by MAPMTs
Housed in Roman Pots to
approach the beam

Operates at low luminosity

and with special optics

: o 1 _ Ni-Np-n-foy
Luminosity: L = ry——cE F
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> Fibre preparation

> Detector Control System

Resolver 5.720 R-M0.00 Resolver 6529 R-M0.00 Resolver 6.256
Motor 5.720 Motor = 6.529 Motor  B6.256
VDT 5.703 L-M -0,02 VDT B.473 L-M -0,06 VDT  6.282

R-M0.00 Resolver 5137 R-M 0.00
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> ATLAS Forward proton tagging detectors
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ATLAS Forward Proton tagging detectors

> Horizontally inserted RP
= Tracking detectors:
> slim-edge 3D ATLAS IBL

pixel sensors bonded with
FE-I4 readout chips.
> 0x = 6 ym, oy = 30 pm

> Trigger: majority vote (2
out of 3)

= Time of flight measurement
= Pile-up suppression: primary vertex z;, and z; .
= o1 ~20 ps
> Quartz bars at the Cerenkov angle

> Readout by Photonis MCP-PMT
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AFP data taking

> Staggered installation (YETS 2016, 2017)

2 "°F 'ATLAS Preliminary
60 | [ LHC Delivered
- [_] ATLAS Recorded
50 — [l ATLAS and AFP Recorded

— Total LHC Delivered: 50.2 fb™'
40 — Total ATLAS Recorded: 46.9 b
—  Total ATLAS and AFP Recorded: 32.0 fo™'

| T 1

LR LB
> Recorded luminosity Vs =13 TeV

= ~80 fb1in 2017/18
> But no ToF measurement yet
due to problems with MCP-PMT
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AFP Detector Control System

(b)

Cooler

Arm Side A ﬁ)man Pot (RP)
Arm Side C Near Station 205 m
&
Beam line ! 3D Silicon Tracker (SiT)
! | Distribution pancl
(a) - Optobard
\ Air LV Stage 2

- mucs PC Linux SLC6
i VM2008
N

Roman Pot movement servers

i Secondary vacuum and cooling control

LHC tunnel

212m

Roman Pot (RP)
Far Station 217 m

3D Silicon Tracker
s Time-of-Flight (ToF)

330 m distance

b Main challenge:

cope with
the large
variety of
sub systems

Supply:
HV, LV Stagel, CAN bus, Optoboard
Infrastructure
Temperature Hardware
monitoring Interlock Position |
VME DAQ Crate Temperature |
: : ]
> Provides tools and services for
detector operation:
PLC
o« . o e PO
ini i ivi —  wv VME
FiniteStateMachine, archiving, g
: : (p3]
alerts, graphical user interfaces -
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._Eld‘l Quartic gauge boson couplings
> AFP converts the LHC in a photon-photon collider! 7 b
> Quartic Gauge Boson Couplings introduced in the SM i W, 7,y
due to the non abelian nature of the EW symmetry
> Very precise predictions: v W.2,y
= WWWW, yyWW, WWZZ exist p »

= ZZZZ,yyZZ: only at loop level

0.7_ T

= Might be modified by BSM physics E s i E
= Exclusive production s [/ T
a 04 =

> Match miw in central detector and in AFP $ o3b / |

o E ol % ]

§ 02 / E

= (B E/ B, my,=elels, v, =@ Er) CHL N :

200 400 600 800 1000 1200 1400 1600 1800
mass of two-photons [GeV]

> AFP missing mass resolution ~4% (now ~10%)
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L 1 P
> Low Cross sections: ~few fb; but cleanl £ =C/F F"“F F" +C!F, F"F, F™
0 . - p
> Exclusive production ”\.\ L
= Powerful background rejection tool gt
= With 300 fb-! sensitive to effective yyyy /Aj\ ",
p_— ~_P
couplings of ~10-14 GeV-4
o oo e | (2 S L L L B B B B
"g 10 —— Signal Vs = 14 TeV c 10 ;—Slgnal (s =14 TeV -
@ 10° Excl. background 1 g - - - - Excl. background -
w B DPE background L =300 fb’ m 10%g-- vy + pile-up L=300fb"' =
100 L - e'e dijet + pile-up u =50 - = 50 3
10 o e Yy + pile-up : 10 a —;
= (. =10"2GeV* :
10? C 1 o .
]= fﬁ““w'ﬂ‘”eev*‘ 1%‘ S ?
1 L 18 gt L 4L ¢ =10"Gev*
a0 » ¢,=10" GeV H_\_L 107 1 g
0 g P . = L= 2 MR SRR BRSSP 1 I 1 X PN BN BPSP BPR s
500 1000 Lt 2000 02 04 06 08 1 12 14 16 18
mﬂ' (GeV) m;)n‘;ssh-nVY

From M. Saimpert, E. Chapon, S. Fichet, G. von Gersdorff, O. Kepka, B. Lenzi, C. Royon;
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> Improve LEP sensitivity by more than 4 orders of magnitude with 30/200
fb-1 at LHC, and of DO/CDF results by ~2 orders of magnitude

= AFP improves the results obtained with central detector only by 2 orders

yyWW and yyZZ anomalous couplings

of magnhitude

> Reaches the sensitivity needed for extra-dimensions modelsl!

Couplings | OPAL limits | Sensitivity @ £ = 30 (200) fb~*
(GeV—2] 50 95% CL
AV /A2 | [-0.020, 0.020] | 5.4 10 ° 2610 0
(2.7 10-9) (1.4 1076)
a7 /A% | [0.052, 0.037] | 2010° 9.4 100
(9.6 10-9) (5.2 10°9)
aZ/A* [ 1-0.007, 0.023] | 1.410°° 6.4 10
(5.5 1079) (2.5 1079)
a/A* | [-0.029, 0.029] [ 5.2 10°° 2.4107°
(2.0 107°) (9.2 1079)
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I Flavour Changing Neutral Currents in top production

= FCNC top quark interactions strongly suppressed in the SM

> Can be considerably enhanced in New Physics Models

ATLAS+CMS Preliminary 95%CL upper limits <@ ATLAS <—@ CMS p
LHCtopWG [1]JHEP 10 (2017) 129 [2] JHEP 02 (2017) 079
[3] CMS-PAS-TOP-17-003 [4] JHEP 04 (2016) 035
November 2017 [5] EPJC 76 (2016) 55 [6] JHEP 02 (2017) 028
[7] ATLAS-CONF-2017-070 8] JHEP 07 (2017) 003
Each limit assumes th — —
a!eligrhg’pfzscselg:ssar:‘ze/o Theory predictions SM 2HDM(FV) 2HDM(FC)
from aan’ﬂSﬂ.ZOZBMSSM va DHS
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> Probing uty ana cty couplings
—0 (6]
T S —e @01
—e ®| > Single diffractive mode
~—9 Y
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| ] | 1 | ] ] | ] 1 Y. L9

10 100 > Mainirreducible backgrouns: yp
Branching ratio . . . .
k interactions producing a W+jets

> Complements other analysis done at ATLAS

P. Conde Muifio IGFAE - LIP workshop, 26 April 2019 14



“ 'V
Ig!'!! Search for dark matter

1812.04886 [hep-ph] V. Khoze, L. Harland-Lang, M. Ryskin, and M. Tasevsky
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> TIn compressed mass scenario P P
> compressed mass scenario — small MET L d 45
= exclusive process — precise mass o X1
measurement . L & <— 0
> Selection y
> Double-tag AFP, 2 tracks D D

= Soft leptons: few GeV

> |z - z1or| < 1 mm, no other vertex within Imm
= S/B ~1 at p=50. ToF necessary !
> Needs dedicated trigger
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> Being developed at LIP

> Requires matching central detector information and ToF and tracking
information from AFP

L1 J75 & AFP_L1xxx
> Could be the base for .
TrigJetRec

w Tools:
- |—-)PXFP_RawDataProviderTooI
alls

|__,’ AFP_Raw2DigTool

AFP_SidLocRecoTool

other dedicated triggers

HLT:FexAlgo |  Trig AFPSiTrkReco

TrigAFPJetAlITE

HLT:FexAlgo | EFBtagFexSplit_ EFID

HLT::Hypo rigAFPToFHypo AFP_TofRecoTool

HLT::Hypo AFP_ProtonTransportTool
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Other physics topics

p P o
SDW a DPE jets :): Exclusive jets
. W In leptonic O‘Tmel'a AFP B 4 One verten ) } Wt::'“ :':: . ‘B'\ (Single Tog)
—— sgnificonce = purky -‘ i o2 500ey | F 0ol —_—
: 3w | ) [ =y
g 04 & ‘; o.oa.—
% g ‘ i 4 L
: o2 E un|;.;~n|s 1
10" |-AFE doutie thg. one yenex | o £
001 ‘l mo ; .mm‘l‘dm? Jaz| ';9.'“ ; 5: OM.— éo.'_1800 exclusive jets
Ch mem— 1. ) e ":‘“”""’ -% 1600 ’7 non-diffractive jets
c arge OSYmmi_ ry —>f Kinematic (3) L S I sccie atvacive ot
avour CompOSI Ion O dependence Of N E .cemral diffractive jets
Pomeron Unintegrated gluon 3 1200
Pomeron structure a2 .
distributions S 1000
2 ATLAS Simulation Preliminary
“ ” . : =
. Standalone” MC simulations 5 800 AFP (e = 60%), o{t)=10 ps
SD&DPE ~+jet c '
¢ 7 l 2.1 —_— 600 (s=14TeV,L=40f0" n=23
: G andssncom ————ry SD jgij, DPE jgj 400 ‘ 200 < M, < 660 GeV/c®
! 208 '
; B ratio < OOPE JGY) _ G(DPE LO Jete+) 200 ‘l—l—
- - o(DPE Jets) ~ o(DPE NLO Jete+)
0.6~ 2™ leading jet p, > 20 GeV 150 200 250 300
0012<8,, <0.14 leading jet transverse momentum, p™" [GeVi/c]
| ) [ e 04L an>30 > 10
f o [ T, . ATL-PHYS-PUB-2015-003
B B T T T T T o2 Iua-aoopo' ++ﬁ
Never measured before! M L -
Distinguishes between Never measured before!
diffraction mechanisms BFKL dynamics
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Summary and conclusions

> ATLAS Roman Pot detectors enlarge the physics topics of ATLAS

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

> Single diffraction, central diffraction, ...
> The Portuguese ATLAS group has contributed to
> Fibres preparation for ALFA
= Detector control system (ALFA, AFP)
> Exclusive trigger implementation and performance
> Detectors are now operational and a lot of data has been collected

> Expect first physics soon!
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