Elastic and Diffractive
Scattering at the LHC

... a review of the story so far
and prospects for the future ...

Paul Newman
(University of Birmingham)
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- Elastic and Total Cross Sections

- Soft Diffractive Dissociation

- Hard Diffractive Dissociation
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-> Prospects for Central Exclusive Production
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LHC: Exploring the ultra-rare at
the Energy Frontier ... eg ATLAS

Standard Model Production Cross Section Measurements
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But what usually happens when hadrons
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Understanding 10-! Processes is Hard!
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Why should we Care?

Everyday strong interaction processes intimately linked
to our basic understanding of physics:

Fundamental questions:
- Confinement
- Hadronic mass generation,
- Non-perturbative degrees of freedom
- Strong / weak coupling and super-gravity

e T s
Practical concerns: i ; st inteaotion
- Modelling pile-up at Y“’ x
the LHC RAY (AR

pion-nucleus Y P31
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- Luminosity monitoring et
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- Modelling cosmic ray air *{?
showers

second interaction
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Methods for Diffraction and Elastics

... old slide from diffraction at HERA
Signatures and Selection Methods

Scattered proton in Leading ‘Large Rapidity Gap’ (LRG)
Proton Spectrometers (LPS) adjacent to outgoing

(untagged) proton

Forward Proton
Neutron Dissociation

Calorimeter Taggers H
:Z (m) l l ,IIII:II

220 106 80 6] 24-28 H'w
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Very Forward Forward
Proton Proton
Spectrometer Spectrometer

Limited by statistics and
p-tagging systematics Limited by p-diss systematics

Partially still true for LHC (but proton tagging technology
got better and rapidity gaps got harder to identify)



First Generation LHC
Proton Spectrometers
T OTEM & ATLAS- ALFA)
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Second Generation LHC Proton Spectrometers

(CT-PPS at CMS and AFP at ALFA)
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gses of Roman Pot Technology

M. Trzebinski AFP Detectors 4/21
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[a nice illustration, from AFP, with thanks to Maciej Trzebinski]
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LHC beam
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ges of Roman Pot Technology

LHC beam

thin window and floor (300 xm)
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'es of Roman Pot Technology

shadow of TCL4 and TCL5

collimators

LHC beam

thin window and floor (300 xm)
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Geometric acceptance:
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terms of kinematics
of "Single Diffractive
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g = fractional proton energy loss
t = -p;2 of outgoing proton 20
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Acceptance Depends on Location and
Orientation of Pot (horizontal or vertical)
and on beam optics

e.g. complementarity between ATLAS ALFA and AFP

ALFA

10° B7L1U_ALFA_MBTS_singleDiffr

—h
Ln
T T T

Diffractive”

—
=)
LI

1

(%))
LI L

£=0

10

o Elastic

AFP 212 track position in y [mm]

=)
LI

¢n
|III

[ {S=14TeV B =055m

15 10 105 100 95
AFP 212 track position in x [mm]

- ALFA is optimised for Elastic scattering
- AFP acceptance for Inelastic diffraction with § >~ 0.02



Start ) Si mp le’ . " Double Dif:. | Evewthin v
Elastic Scattering

P
CD/p

pi
i \)\P At fixed /s, 1 non -trivial variable

-t/ - squared 4-momentum transfer, t

Typically |t] << 1 GeVZ: non-perturbative

At fixed s: do — do el
de dr|_, p. —

|
Impact
Parailneter

Slope parameter B measures mean impact - .p
parameter (~size of interaction region
~ range of strong force ~1-2fm).
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dao, /dt{mb/GeV?]

(Fit-data)/data

‘Standard’ exponential fit, excluding lowest |t|
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Example Elastic Scattering Data

Precise t dependence over ‘bulk’ range of |[t|at LHC
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1 ] | I 1 I 1 | I | | | | | I o~
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 02
bl [GeV?]
do do B

(influence of Coulomb, rather than hadronic,

scattering) and largest |t|(various pQCD effects)

e.g. at /s=7 TeV ...

B=19.89+0.27 GeV-2 (TOTEM)

dr dr

t=0
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B=19.73+0.24 GeV-2 (ALFA)



Underlying Physics of Elastic Scattering

What governs
elastic scattering
at high energy
and modest [t]? p

Y

Historically, ‘pomeron trajectory’

34



Underlying Physics of Elastic Scattering

What governs
elastic scattering

at high energy
and modest |t]|? P

P

Historically, ‘pomeron trajectory’

Loosely interpreted in terms of
exchange of two gluons in a net
colour singlet state

[but beware of partonic language in non-perturbative regime]

Most commonly described in "Regge’ phenomenology ... ..



Underlying Physics of Elastic Scattering

What governs
elastic scattering
at high energy
and modest [t]? p

Y

Historically, ‘pomeron trajectory’

a(t) =a@)+at = 1.085+0.25¢

do 2ar(r)-2
EL oc(i) (at fixed |t])
ds So

A
_) grows logarithmically with

Slope parameter B =25+ 20!’111(
energy

So
36



I's dependence of t Slopes

- B increases with /s ... ‘shrinkage’ of forward elastic peak -
Increase of mean impact parameter / effective proton size as
longer-lived fluctuations develop larger transverse size.

22 T T T T T T 1T - T T T T T T71]
—~—Pp 7 . .

—— ATLAS-ALFA Lo w27 .

19| _ fit linear in Ins, data /& < 3 TeV ///_

: : ds

B (GeV~2)

C ki ' 4 :

"Standard’ Pomeron
ul — | i pole’ Regge theory
1 _{% _ B = Bo + 2a’ln( s )
o A FRE TR PO POE | I BT S,

101 102 10% 104 105
Vs (GeV)

- Growth seems faster than standard’ o’ ~ 0.25 GeVZ2 >
Single pomeron exchange insufficient (absorptive corrections /
different physics)
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do/dt [mb/GeV?]

{ data, statistical uncertainty
full systematic uncertainty band
B syst. unc. band without normalisation

Looking in more detail
(TOTEM 8 TeV, 13 TeV)

eg 2012 f*=90m 8TeV sample
is 7 million events -
single exponential slope
rejected at 7.20 level
... suggests that low |t]
(non-perturbative)

—noL 1 elastic scattering via

AAAAAAAAAAAAAAAA : Strong -interact'ion 'iS

42 not mediated by a

-1 single exchange
1 (like a pomeron
1 Regge Pole).
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From Elastic to Total Cross Sections

What governs  p

80]1][

elastic scattering
at high energy
and modest [t]? P

70 |- pBARp: 21.70s%98% 9B 30504525

. pp: 21 70g%0808 56 (gg-0-4525
P
Historically, ‘pomeron trajectory’ 5[

a(t) =a@)+at = 1.085+0.25¢

i Donnachie/
40

S Landshoff
d 2a(1)-2 a(0)-1 I { 1992 ()
S |
‘ 6 10 100 1000
dt SO 0 Vs (GeV)
2
. . 16z(he)” do
Elastic scattering closely related Opor = (he) . T EL

2
to total x-sec via optical theorem ... 1+p dt | o




Extracting Total X-Section , _texfhe)’ doy,

o 70T — 2
through Optical Theorem L+p°  dt |
.I.()3 - | | | | | | I I I I I
5 : : extrapolation to t = 0
102 E_ ....................... ........................................................ dO?E ........................... |
: min 2:- 1()_“2 (:;(‘\-2 “')
" [tmin = 5- 1073 GeV? , _
1()1 | | | | I | | | | I | | | | I | | | =
0 0.05 0.1 0.15 0.2
do, | can be obtained through extrapolation of hadronic part
dt | _,of elastic cross section (~10% extrapolation)

o ~ 0.14 = Real / Imaginary part of hadronic amplitude at t=0

- Most recent / sophisticated treatment exploits Coulomb-
Nuclear interference and fits to full t range and simultaneously
extracts o, and p 40



Total (& Elastic) Cross Section versus /s
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- Now published at both /s=7 TeV and /s=8 TeV by TOTEM and
ATLAS-ALFA and at 13 TeV by TOTEM
- Extractions from cosmic ray data extend to /s ~50 TeV ! #
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First LHC Extraction of

- Interference between
Coulomb and Nuclear parts
of elastic cross section is
sensitive to p parameter

- Very high statistics TOTEM
sample at 13 TeV ...

- Results are well below

da®©
I

633e= 2040 4

, ref

dr-ref

do

I
=
=
th

0.05 [

o Parameter

!

full syst. unc. band

syst. unc. without normalisation

fit, hadronic component only
fit, all components
data with stat. unc.

_\’E -0.15 1 1 1 1 1
0 0.05

0.1
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"standard’ COMPETE extrapolation of pre-LHC data

p 05 : | PDG:
0.2 F Rl
- o & PP
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0.05 | | O indirect
0 [ qe via CNI
- COMPETE
00 | (pre-LHC model RRP (L2, ):
-0.1 ; —
-0.15 | — PP
~0.2

No extrap’ed

pre-LHC model
describes both
p and o, from

13 TeV
TOTEM data.
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Interpretation as Evidence for Odderon
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= 110 Nicolescu et al. (2017) /’/ T 0.15 =~ ST o ‘ i
2 100 Durham, no Odderon i ] 0.14 T '
S Durham, Odd. 0.8 mb | .~ #". . - 0.13 7 :
90 Durham, Odd. 1.3 mb ff £ ] 0.12 7 :
RO /”(NVJ .............. _ 0.11 - 7 - o
S e | H S
: TSI | g
O Ty L Ly Lo L] oo s L
50 _:/‘f'z ) ﬁ ;ﬁ ___________ LEE L‘d__ 0.07 __: Lﬁ ﬁ L: EE E_
40 _'Ff .= REDAT ~eo T | 006 é . i = i:. i-: oD
1 L= il ORI SR R AN I T H B 0.05 1 L= il L il

102 103 10* 10 107 104

V5 [GeV] V5 [GeV]
- Introducing a CP-odd contribution to the elastic
exchange (i.e. an odderon’ - 3 gluon-based
state) is one way of reconciling data
- Slow-down of growth of o, beyond
LHC range (influencing p via dispersion
relations) is another

- Detailed studies are ongoing ... 44




Perturbative Odderon in Elastic
Scattering at very large|t]| ?

— 10 g T | I
™
. —— EPL 95 (2011) 41002
g statistical uncertainties EPY 96 (2011) 21002
= | svstematic uncertainties — ERL101(2013) 21002
2
5

1071 K

1072 3 V\_‘\‘ﬁ\*

10°°

3 1], = 0.53 GeV?
1074
1075 [ 1 | 1 | 1‘ | L | L | 1 | L

0 0.2 04 06 08 1 1.2 14 16 18 2 2|ZI| f(’l(vzi()
Larger |t| perturbative region consistent with power law ~t8

- No evidence for further secondary structure ... suggests a single
perturbative mechanism (2 or 3 g?).

- Evidence for Odderon production, interfering with pomeron
to create the dip? ... No models describe detail. 4
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Direct Measurement of Total
(Inelastic) Cross Section

- Extraction of total cross section only via elastic measurement
and optical theorem requires a more direct’ cross check

Total inelastic cross section can be measured either from o, - o

or directly by counting (almost) “all” events with a minimum bias
trigger

... eg collect events using ATLAS

Minimum Bias Trigger Scintillators
(MBTS)z=+3.6m, 2.1 < n]| < 3.8 ¢~
see 90-95% of all inelastic events

[similar techniques in all main Qn&[hﬁ&
LHC experiments] :




Inelastic Cross Section Measurements

E - ! L ' L ! L L I | | | | ] |
n S S) — Pythia 8 LHC regi
% 100F + ATLAS 8\"5|=TA))--- Eigo'lsa LHC A sor regton
£ - v TOTEM - -- QGSJET-II 3": ______
© 90E , ALCE 13 S M deem e T
— ¢ LHCb P L ]
80 o Auger K E
e (non-LHC) > =
70:_ o Bg o / ] | ] I L ] I
Gof_ _: 7000 8000 9000 1.0000 11000 12000 13000
50f_ _LII-ICrelgionI I I I I _f ST IIII‘Illlll‘II_JII
s cL R I I, = E ATLAS \s=13TeV, 60.1ub
402_ --------- _E Data —to+—
30 ATLAS 7oloo soloo goloo 10600 11500 12600 13600_; :\(II:::O:-C :I:: " ° [ ]
Lo Lol =
10° 10° 10* o a1 .
s G V Fagundes et. al [44]
13 TeV result: s (et e e
Oie = 79.3 £ 0.6(exp) = 1.3(lum) £ 2.5(extr)ymb = ° * % ¥
. C . : M,
- Direct and indirect results compatible and P }X( )
indirect result in agreement with indicative S
selection of models P T\t'? p
- Comparisons limited by extrapolation to low 4

mass diffractive dissociation (unseen by MBTS for € <~ 10-9)



Inelastic Diffraction

Single diffractive dissociation

—O== }xmy

)

P \:}{J N M2 E"

(t) E_X g2

) E .
Double diffractive dissociation 2
My

—O= }xm "7

At LHC, My, M, can be as large as 1

| TeV in soft diffractive processes
O v
‘W‘J

(t) ... very poorly predicted pre-Ijlg-IC




Diffractive Channels:
& Rapidity Gap Kinematics

dn 4
P Oé}x(“"x) |
> lnM2 >
% [« N " o]
< lnMX >

()

P P M y
(1 w
> ln—2
m
- Protons not tagged directly P
- € variable strongly correlated with An = - Ing

empty rapidity regions
... exploited in all SD measurements to be shown

50
- Correlation limited by hadronisation fluctuations



Rapidity gap cross-sections

Method developed by
ATLAS to measure hadron
Level cross section as a
function of Anf: forward
or backward rapidity gap
extending to limit of
instrumented range:

i.e. including n= +4.9

5 b,

-4.9

P & P
(t)

.. No statement on |n| > 4.9
.. large Anf sensitive to
SD + low M, DD

Implies €~104




CMS and ATLAS Rapidity Gap Data

Using very early LHC runs at 7 TeV (avoiding pile-up) ...
ATLAS: Anf extends from n= +4.9 to 1%t particle with p,>200 MeV
- CMS:  Anf extends from n= 4.7 to 15t particle with p,>200 MeV

20.3 ub™ (7 TeV) } "

IllIIIIIIIIlIIIIIIIIIIlIIlIIIIlIlIIIlIlIl p X( X)
™ CMS =e= Data E
. —e— ATLAS Data, 7.1 ub™ (7 TeV) -

P &~ P
(t)

Small gaps £ | Large gaps

dominated 1L "eteesresserereeree®®®T™] dominated

by non- : 3 by diffractive
diffractive oL | processes ...
processes e 3characteristic
..exponentially o 1+ 2 s 4 s & 7 s plateau
suppressed and An®

sensitive to hadronisation Roughly 1mb per

fluctuations / underlying event unit gap size



Large Ga

33—

N
o

do/dAn’ [mb
N

—
&)

?éx., 10-2-5

a
o
o

\Ns=7TeV
p, > 200 MeV

- - -
- .

——

Data L =7.1pb"
PYTHIA 6 ATLAS AMBT2
PYTHIA 8 4C
PYTHIA 8 DL
PHOJET

IUFIIII

MC/Dat

-

- Most models take triple Regge’ approach:

do

oL
dE ds

p Region compared with Models

Ex ~ 107

-

: I<}X(MX>

P &~ P
(t)

2a(1)—-a(0)

- Large differences between models due to assumptions on total
diffractive cross sections, a(t) and fragmentation modelling,
- Fit to large Anf data: o,,(0) = 1.058 + 0.003 (stat) + 0.036 (syst)



Tuning Monte Carlo Models

Rapidity gap size in y starting from 5 = £47, pr = 200 MeV

7 ol o Successful description in HERWIGY
i sz, | (cluster hadronisation + soft
e multiple interactions, tuned
to CMS data)

ECMS 8

..[.Dbata, HERWIG tuned | +:1 Main remaining question:

14 — P I o
| S . how big are DD bxam,
 asf - 1 and ND

L bbbl contributions?? }Y(MY)

AnF —
(t)

- Further significant { fy "~ =i,  ° f Ve Dl C
progress will require ¢ 8 (1 Canva Dt

proton tagging to o5 PYT ;i/
unfold SD from DD L L T
and ND

MC/Data
. &




SD Cross Sections with Direct

£ Measurement 5 jf< by
1 ] | | | fg

elastic proton
or low-mass
dissociated system?

CASTOR

dissociated
system

- Use forward calorimeter (CASTOR) tag to help distinguish
SD from DD (sensitive to much lower M, than central detector).

- Dlrgctly reconstrgct g using . Y ( Ei 4+ Pi ) M;{
particle flow algorithmand ¢ 7 2~
cunning kinematics. >

S

55
- Larger uncertainties, but more directly related to dynamics.



CMS Direct € Measurement

16.2 ub™ (7 TeV) 16.2 ub™ (7 TeV)

o) e e AR mana- o) e S AR nann-
£ 18 CMS log, My <0.5 @5 E 18- CMS 05 <log, My <1.1 (©
Mx 1'6:— :-.“-; E Mx 1'6:— e Data E
S14F L - S14F PYTHIA version: =
..... i - - ]

D LE - . D I 3 8 1oF = PBMBR(=008) ‘DD’ 3
s E -f i S L - 1 5 “F «uis: P8-MBR (e=0.104) :
" 1_ .---'-I:-q — " 1—_ - P8—4C —
8 F F— R 18 E -pezz E
08 { — 08 =
06F — 06F -
04F ‘S’ 3 oap :
02F — 02F -
O:LLLL L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 - l: O—LLLL L1 11 I L1 11 I L1 11 I L1 11 I L1 11 I L1 11 ALJJ;AL_

6 55 5 45 4 35 - | (—)2.5 g -2 6 55 5 45 4 35 -3 | -02.5 é -2

g10 X g10 X

- SD data (small DD admixture My <~ 3 GeV) compatible with
PYTHIA8 with a,,(0) = 1.08 or 1.104

- Precise DD data (3.2 < My < 12 GeV) prefer o,,(0) = 1.08

... precision still limited by SD / DD unfolding - need p tags!



Diffraction at F==

HERA ep Collider:
Virtual photon probes pomeron
partonic structure rather like
inclusive DIS ...

>100 papers later 37




Hard Diffraction: Structure
of Vacuum Exchange

Diffractive DIS at HERA -
Diffractive parton densities
X (DPDFs) dominated by
gluon, which extends to
large momentum fractions

Y
... NLO predictions based %
on HERA DPDFs give 9(z) jet
impressive description of
all HERA ‘hard’ diffractive
data, eg jet production... » ~ p

jet

- DPDFs used in many models in pp

do/dz,,dQ? (ptVGeV?)
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e f
b t . b o= [ Hifit2 ~+ CDF data
X u ] n p p a r 1L e HA fit-3 E%en,z > 7 GeV
100? (Q%= 75 GeV?) 0.035 < £ < 0.095

Spectacular failure in 5 t]<10GeV?

comparison of Tevatro n\
proton-tagged diffractive dijets with \ R
HERA DPDFs [PRL 84 (2000) 5043] tE .

. —— H12006 DPDF FitA

CMS data suggest similar effect il i
[Phys Rev D87 (2013) 012006] “Top 1
... rescattering (absorptive corrections / p Rescatter
related to MPI ...) breaks factorisation ... o V.v'th -
‘rapidity gap survival probability’ ~ 0.1 =

g (B) et
LHC hard diffraction sensitive to both
DPDFs and gap survival probability - )
Here: First results from LHC: (0ap)

... dijets with large rapidity gaps ... g e



Diffractive - n
Dijets (p;>20 GeV) -H .

from ATLAS 49 " o

- Kinematic suppression of large gaps = no p § _
clear diffractive plateau (unlike minimum bias case) O
- ND models matched to small gap sizes give "

contributions compatible with data up to
largest Ane and smallest § ... no clear diff signal ...

o o
= e DataVs=7TeV,L=68nb" E 10'F e Datafs=7TeV,L=68nb"
‘= Total exp. uncertainty s 10° Total exp. uncertainty
3 —— PYTHIABND - —— PYTHIA8 ND .
; ----- POWHEG ND + PYTHIA 8 — 10° -POWHEG ND + PYTHIA 8 —e= ©
o = -~ e T
— 5
... 2SN .
________________ ATLAS
Antik, R=06 Anti-k, R=0.6
1 1 I L 1 1 L I 1 L I 1 1 L I 1 L 1 1 I 1
L] L) I L] L) L] L] I L] T L] I L) I I I L] L) I
g AR -
S R il e S B
= PP PP rwrnrrss BPEPEPRA oo = Lvv oyl
2 3 4 5 6 -1 Olps 0
Anf log, &



Evidence for Diffractive Contribution

Focusing on small €, whist simultaneously requiring large gap
size (Ang > 2) gives best sensitivity to diffractive component

- Models with no diffractive jets are below data by factor >~3

> Comparison of smallest = ™%F - g:f;f=:i‘;-;;°-8:*b“ 'm:o_e

£ with DPDF-based model g %0t :m£2:3+mms s

(POMWIG) leads to rapidity < S500F - pvmasooo

gap survival probability S oaof T T

estimate ... s00f -

- Model dependence not 200F- ISui/ai‘\’/al |

investigated in detail 100F- Factor | - -

- In context of POMWIG, NS e
3.2 -3 -2.8 2.6 24 2.2

using anti-k; with R=0.6:

S? =0.16 + 0.04 (stat.) + 0.08 (exp. syst.) , o



Similar CMS Analysis

CMS, {s5=7 TeV, L=2.7 nb", pp—sietqjetp, "?l <44, p'* > 20 GeV
2 T

= | 7 - Comparison of 15t bin v
zi diffractive DPDF models
S 10} Survival ° 1
= > Gap survival probability
1 estimate $% = 0.08 + 0.04
ND — PYTHIAS Z2ND (based on NLO POWHEG)
==== PYTHIAS8 tunei ND
10‘1 F MOdelS = POMPYT CTEQ6L1 & H1 FItB L |
==== POMWIG CTEQ6L1 & H1 FIitB
v PYTHIAG SD+DD ... LHC results for S?
Lo POWI_-IEG+PY'I_’HIA8 _CTE(_)GM_& I:I1 _FIt_B.
BTE 2 comparable to Tevatron,

= but different x range
... larger than expected?

Proton tagged data required for substantial further progress
-> removing complications from double dissociation and
non-diffractive events with large gap fluctuations &



New Generation

of Roman Pots

Future LHC diffractive

Physics based on CT-PPS

(CMS/TOTEM) & AFP (ATLAS)
- Will operate in Run 2 and

very likely Run 3 (and possibly be upgraded for HL LHC)

- Precision (fairly) radiation hard silicon pixel spatial detectors
- Time of Flight detectors with ~ 25ps timing precision from
Cerenkov light in diamond (CT-PPS) and quartz (AFP)

- Operate in normal LHC runnning conditions ,
p

- Optimised for double proton-tagged X
processes, where vertex can be located

to ~1mm from proton ToF, suppressing pile-up ”* P



Newly Accessed Physics with Double Tags

- Inclusive central production
pomeron-pomeron hard scattering with jets,
heavy flavour, W, Z signatures

- Central Exclusive QCD Production
of dijets, y-jet and other strongly
produced high mass systems

- Two photon physics =2 exclusive
dileptons, dibosons & anomalous
multiple gauge couplings, exclusive
t-tbar?...

f - Searches for new heavy particles
)I;LLL w4 heavy Higgs recurrencies, pair produced
| BSM states, axions, vector-like fermiops ...)




e.g. Exclusive yy Production

S sl In general ...

o ", R .

g N .T:]"‘m all.w \J\r\j\l ]

: l E - QCD production
- S 0Ly dominates at low

2 ~ . T TN, central system
masses

QCD contribution {KMR)
==+==+=++ Total QED cross-section

--------------- Quark and Lepton loops contribution

e Wi cotion - QED production

(light-by-light)

ez, | takes over at larger

T e rprosucion | central system
masses

i ¥
P >10 GeV, P, >10 GeV

Integrated cross-section [fb]

L L 1 1 L L L I 1
20 30 40 50 60 70 80 10° 2x10°
Cut on the di-photon mass [GeV]

- LZ, WW, vy final states ... Competitive sensitivity to
anomalous quartic gauge couplings in large mass region®



Total Integrated Luminosity (/fb)

Data Collected to Date
- CT-PPS fully installed from 2016, AFP from 2017

Integrated Luminosity 2017

50 T T — 70 = T ' i
o e U - ATLAS Preliminary e 1aTeY
= 50 I LHC Delivered
! - | ATLAS Recorded
50 — [ ATLAS and AFP Recorded

Todal LHG Delvered: 50.2 07"
40 [ Total ATLAS Recorded: 46.9 b’
 Total ATLAS and AFP Recorded: 32.0 b7

Total Integrated Luminasity [fo]

30 —
20|
10—
T o ) P ® a0 g 3705 1006 02/07 2507 1808 11/09 0310 2610 20/11
Date (UTC) Day in 2017

- 39 fb-"accumulated by CT-PPS in 2017, 32 fb-' by AFP.

- Transformational lumi compared with all previous
Roman pot data

- Commissioning and data understanding ongoing
—> First results obtained (with single tags so far)



AFP Observation of Single : %)—
Diffractive Dijet Signal B

Al , - Single proton

ATLAS F’renmmary'

jet

E
g s . . cta@me 3 tagged sample

PO e Mt et Jet p_ s 30 GaV

with € measured
in main ATLAS calorimeter

- Strong enhancement in low &,
diffractive region for AFP-
triggered data over MBTS data

§ + common pile-up contribution

x-pixal [S0 um)

Low x data exhibit expected x-y
correlation in AFP pixels and
correlation between pixel x
position and &,

25 2 15 -1 05 0 05

. . . 67
Detector level log, & _ —> Clear diffractive signature



First High Lumi Study @ CT-PPS (9.4 fb")

YY = €e or uu - Single proton tagged (so far)

- Dileptons required to be back to back

- Study correlation between & from proton
and from U*1- pair -

12 un events match in € (1.5+0.5 background)
8 ee events match in € (2.4+0.5 background)

CMS+TOTEM 2016, L =94 b, (s =13 TeV 0.2 CMS+TOTEM 2016, L=94 b, {s =13 TeV

IIIIIlIIIlIII|III|III|III|IIIIIII_ C :Eslfl'lllllllllIIIIIIlIIIIIIIllIIlIII_
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- 0.1 — S1 g Na '.
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] 1 [arXiv:
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10.



Kinematics of Candidate Events

CMS+TOTEM 2016, L =941, ys =13 TeV

y(r'r)

. Potential region

] Acceptance in 210NF for double tagging:
[ ] Acceptance in 210-F —: 350GeV <~ m(ll) <~ 2TeV
B | [ ] Doal.mle-arm acceptance | i
-~ 107 10° 10°*

m(l'l") (GeV)

- 2 electron events were in double tag acceptance, but only
one proton seen due to inefficiencies 0
- Highest mass events: m(ee) = 917 GeV and m(uu) = 342 GeV



Precise elastic & total cross section data Summary
- Surprises in energy dependences
- Evidence for odderon? Low-x effects?

Soft Diffractive (Single)-Dissociation data

- Soft pomeron with intercept as
expected works well

- Only rapidity gap’ method so far

- Proton tagging required for DD/ND suppression

First Hard Diffractive Dissociation Data

- Limited by control over ND gap fluctuations and low M, DD
- Rapidity gap survival probability larger than expected?

- Further progress requires proton tagging

At the start of a revolution based on high lumi Roman pots
- Uncharted QCD territory in exclusive central production
- Rare / exotic EW physics and searches with tagged protons



