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Introduction




What is Diffraction?

Initial State

One or more hadrons:

ep — pp — !
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10% Hera 20% EIC 40% of LHC
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Initial State
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What is Diffraction?

Final State ..

‘\
N
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e p—e XY

Y = proton or jet




What is Diffraction?

Final State -
Forward Scattered Proton
x < 1)
e p—>e XY ec P A
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Y = proton or jet




What is Diffraction?

Final State -

e p—e XY

- M=0.75
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Y = proton or jet
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What is Diffraction?

Final State -

’
/ |

— — T l, / §\\ scattered electron
electron — /= proton
fill %\ !
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 CMS Experiment at the LHC, CERN
~ Data recorded: 2018-Jul-06 15-11:5.817408 GMT
Run / Event / LS: 319300 / 98649640 / 117
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Y,Z = proton or jet




Why study Diffraction?
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In 1/x

Y =

Why study Diffraction?

Small-x and Exotic Physics
Qy(Y)

- P5 Report

Og < 1
Accardi et al, 1212.1701
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MC/data

Why study Diffraction?

Failure of current Monte Carlo
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Figure: ATLAS, 1911.00453. 5 = 8 TeV, 0.016<|t|<0.43 GeV> -4.0 <log,o& <-1.6
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Factorisation
and Universality




DIS

Fy/1(2,Q) = Z/ 2/L
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Hard Factorisation

Drell Yan

CSS ‘80s ;Bauer, Fleming, Pirjol, Rothstein,Stewart, 0202088

: XA
dcfAJ dgfun (Eas i) 1, ( =, 0 — a(ﬂ))

do
Q M) firp(§, 1) dQ? dy ) ZJ Ey &g O

a,b v XA B

X JoiB (5391“)
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Universality in Hard Factorisation

Universality

1.2 ————————— 1.2 —
MSHT20NNLO of (@, 4 = 10° GeV?) -

zf(z, p?* =10GeV?) .

- \ \&/10 { ¢ Extraction across processes
A\ | and energy scales
0.4 — 0.4 |
O | -

0.0001 0.001 0.01 0.1 1 0.0001 0.001 0.01 0.1 1
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Regge Factorisation
What is 1t?

Hard scattering Regge / Forward Scattering
A —1
Ay = OCD P —_t
0 )




Regge Factorisation

e p—>e XY
Mode Momentum
>ﬁ Collinear (13, ,1_1, ,12)
Soft (A, 4, 1)
@ N 1 Ultracollinear ( ,13, A, ,12)
o Glaniber EW)

Z Z RNN ® RNN ® RNNRNN
Lo NN <% NN
(Ry} N.N'
Lee, Schindler, Stewart, 2508.10231



Regge Factorisation

Incoherent: ¢ p —» e XY
Beam

N—1
BR (pk, {2, 7}, 1) =§5 (oI T{[Tonomlb Py 1X)(X, 1 PET
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Lee, Schindler, Stewart, 2508.10231
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Regge Factorisation

Incoherent: e p — e™ XY
Beam
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Lee, Schindler, Stewart, 2508.10231
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Regge Factorisation

Double: pp — XY © | ° p—jié}xw p ix

P ~Y P P X P
(t)

Elastic Singte Double

Kinematics
Lorentz Invariants (m, & 0):

2 2
p1 —»—r—>—f) Px, Mi=px s=(@p+p)  t=1
1 1
1 1

. Rapidity Cut Power counting:




Regge Factorisation

Double: pp — XY " [ ° rjf%}xw ; ix

P ~ P P X P

Kinematics Elastic  Singfe DouBle
Lorentz Invariants (m, ~ 0):
12 — n2 ° : a 2 — 2
P1 ) I =71

1 1
1 1
T 11
1 1
D2 -

y ] —1 _ Ml AQCD

/1 — - pi — /’LA —
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Regge Factorisation

Double: pp — XY Hard Scattering
7] ~ s
Diffractive Constraints 1 Forward
HESE
P1 4>_:':_>_0 PX; 2. Collimated Jets or Protons
T : : ............................... M12 <L S
1 |
P2 AD;D—O PXs 3. Rapidity Seperation
Px, Px,
px,  Px




Regge Factorisation

Double: pp — XY Hard Scattering
7] ~ s
Diffractive Constraints 1 Forward
HESE
P1 4>_:':_’_0 PX; 2. Collimated Jets or Protons
T : : ............................... ]\412 <L S
1 |
P2 AP;P—O PX5 3. Rapidity Seperation
Px, Px,
px,  Px
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Regge Factorisation
Double: pp — XY

Modes Mode Momentum
Collinear (/12, 1,A) |~ PPy,

D1 Anticollinear (1,A%,0) |~ P> Px,
Glauber (A%, A%, 0) |~ 7

D, Soft (A, 4, 4) ~ Ps
Ultrasoft ( ,12, ,12, /12) ~ Pus
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Regge Factorisation
Double: pp — XY

Modes Mode Momentum
Collincar (A% 1,4) |~ Py,

D1 Anticollinear (1,A%0) |~ P> Px,
Glauber (A2, A% ) |~

D, Soft (4, 4,@) ~ Ps
Ultrasoft ( ,12, /12, /12) ~ Pus

Glauber ties it all together
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Regge Factorisation
Double: pp — XY

Modes Mode Momentum
Collinear (A% 1,A) |~ Py,

D1 Anticollinear (1,A%,0) |~ P> Px,
Glauber (A%, A%, 0) |~ 7

D, Soft (A, 4, A) ~ Ps
Ultrasoft ( ,12, /12, /12) ~ Pus

Constraints prevent soft radiation
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Regge Factorisation
Double: pp — XY

Modes Mode Momentum
Collinear (A%,1.0) |~ P1>Px,

D1 Anticollinear (1,A%,0) |~ P> Px,
Glauber (A%, A%, 0) |~ 7

D, Soft (A, 4, 4) ~ Ps
Ultrasoft ( ,12, /12, /12) ~ Pus

Ultrasoft radiates into the gap!
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Regge Factorisation
Double: pp — XY

Glauber SCET
g SCET — “EZ Collinear T g Soft T g Ultrasoft T ‘S/p Glauber

—— —

Glauber Operators: : G O
e wi O b
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Regge Factorisation
Double: pp — XY

Glauber SCET

0 _ 0 0 0 0
gSCET T gCOHiH@&I‘ T gSoft_I_ gUltrasoft T gGlauber

BPS field redefinition:

oA

o = 99 Do s _L_giD

@Zs — %EA@ZLX 12 @;”B
gJJ_

D

H N
Philipp Aretz - Diffraction across Colliders 17 I ! I |



Regge Factorisation
Double: pp — XY

Factorisation
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Regge Factorisation
Double: pp — XY

seam

Be
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Regge Factorisation
Double: pp — XY

oeam
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Regge Factorisation
Single: pp — Xp

Factorisation | | -
Ultrasoft Vanishes due to Singlet Projection:

EE<Belam - A= B — ] ) J
N : | | : N’ d3
( : ) ° R R, R R, R
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Regge Factorisation
Elastic: pp — pp

Factorisation | o
Amplitude Level Factorisation:

2
IN 1!
(s> b= = et e
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Gao, Moult, Raman, Ridgway, Stewart, 2401.00931




Regge Factorisation
Elastic: pp — pp

Factorisation

Gao, Moult, Raman, Ridgway, Stewart, 2401.00931
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Universality in Regge Factorisation
RG Evolution

Renormalised Quantities:
B%e,n) = B(u,v) 4 | Zyle,n, pu,v)

T
RG Consistency F/;g T F//(t] =0

U%e) = Zlfe.) @, U - Zy(er)  mumllp

%) = Z (1, v) ® | Sw) ®, Zy(n,v)

L +TY'T =0




Universality in Regge Factorisation
RG Evolution

Amplitude Level:

BO(& n) = B(u,v) &+ 1 Zp(€,1, Y, V) (i

123
< ;i)
123 i
JO(}/]) — J(I/) ®J_ Z](V], I/) Zf_l — Zg Gao, Moult, Raman, Ridgway, Stewart, 2401.00931
_ T
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Universality in Regge Factorisation

RG Evolution -+

I

' p—jié}xmx)

p }x

B S p P P b : %
Rapidity Evolution (9, ,): ‘ — ‘ Elastic Si(zgfe DouBle
vg ~\/~1 v ~ /s
PP Elastic PP Single ep Coherent P(:i[;glﬁ;e °p ('gi‘;‘;rl‘:tr)e"t
Collinear Beam J®, T’ B, I'l, J®, )’ B, I'l, B®, Il
Soft (-I,®,S-5®, NI, 5-s@, I —I,I;,®, S |-I,® 5-s&, I -TTT®, S
AnticollinearBeam | ([T ®,J)* | ([T ®,J)* : MN’e, B :

All evolve with | ;!




Universality in Regge Factorisation

RG Evolution = I ; ﬁf%}xw ; }x
B S O 5 by

p P P & P
(t)

Rapidity Evolution (9, ,): ‘ — ‘ Elastic  Single DouBle

vg ~\/~1 vs ~ /s

PP ep Incoherent

(Singlet)
Collinear Beam (J B®, 1,1,
Soft (-T7T®, - Q®, S

Anticollinear Beam (F; &, J )? (l—? &, J )? - FfF ; Q, B

All evolve with I, !
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Universality in Regge Factorisation
RG Evolution

M?
B [/ Collimated Jets: — < 1
S
: : : U
Virtuality Evolution (9, ,): — |
2 2 M;
Hg ~ M; Hiy ~ o
PP Elastic PP Single Coherent ep PP Double Incoherent ep
Collinear Beam 0 0 0 B®. Iy B®, 1y
Soft 0 0 0 0 [L®_S
Anticollinear Beam Fg X_b

Usoft

U, I3-T}i® U -UQ,Tz,-Tr,®_U

All evolve with I !




* Factorisation of elastic scattering as well as Single and Double Diffraction

» Universal Beam functions between ep&pp diffraction

* Universality in the evolution w.r.t rapidity and virtuality



e Small-x evolution and saturation

e Hadron Structure

A Bright Future for Diffraction across Colliders

* Universality beyond ep and pp F A I R
‘ HL- HC ROJECT




