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Introduction
A very high energy (~10 TeV) u collider is

a dream machine for new physics searches.
It provides three investigation strategies at once.
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Introduction
A very high energy (~10 TeV) u collider is
a dream machine for new physics searches.
It provides three investigation strategies at once.
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Introduction

’ Ecmn ~ 10TeV > my ~ 100 GeV — lots of EW radiation!
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Introduction

’ Ecmn ~ 10TeV > my ~ 100 GeV — lots of EW radiation!

@ The 1% accuracy goal requires proper control of the radiative
corrections — resummations

K+ p
E#L_g @ p=udW,...
W =
M P
Sudakov DL E., = 10TeV E., = 30TeV
2
Y Cig log® ( W) ~0.25 ~ 0.4
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Introduction

’ Ecmn ~ 10TeV > my ~ 100 GeV — lots of EW radiation!

@ The 1% accuracy goal requires proper control of the radiative
corrections — resummations

K+ p
EML_E @ p=udW,...
W =
M P
Sudakov DL E.n = 10TeV E., = 30TeV
2
Y Cig log® ( W) ~0.25 ~ 0.4

Sudakov DL persist also in inclusive observables (i.e. BN violation)
[Ciafaloni,Ciafaloni,Comelli (2000)]
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Introduction

’ Ecmn ~ 10TeV > my ~ 100 GeV — lots of EW radiation!

@ The 1% accuracy goal requires proper control of the radiative
corrections — resummations

@ The pattern of EW radiation depends on short distance new physics

w
K+ >.< B+ Dy, Ve
B B e

The “hard” initial /-
final states are not
enough to characterize
the hard process.

Y
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Introduction

’ Ecmn ~ 10TeV > my ~ 100 GeV — lots of EW radiation!

@ The 1% accuracy goal requires proper control of the radiative
corrections — resummations

@ The pattern of EW radiation depends on short distance new physics

We need accurate predictions for the
right (BSM motivated) observables

e.g. "fully-inclusive” XS are not enough to characterize new physics

(hp — ee+ X) + (pp — vee + X) + (pp — veve + X)
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Exclusive and (Semi-)Inclusive XS

0
Byp— —> pp + X —0.2
p = difermion or diboson
ph ~ _od]
- P E g
Exclusive: X =1 oL s —0.
@ DL (All order double log) — DL, +SL, —0.8}
[Fadin, Lipatov, Martin, Melles __ pL(1 + SL,
71 L L L L L
(99)] — DL+SL, 5 10 15 20 25 30
@ SL; (1-Loop single log) - S-1(DL) 0 W
[Denner, Pozzorini (00)] - SI(DL) (ol T
.. . |
Semi-inclusive: X =, W4, Z 5
@ DL (All order double log) ©

5 10 15 20 25 30
Een[TeV]
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Exclusive XS
3TeV 10 TeV 30 TeV

DL | eP—1 [si(Z) || DL [ePt=1[sL(Z) | DL [ePt—1]sL(T)
& ¢ | 046| 037 | 025 | 082| 056 | 033 | 123 | 071 | 041
U —q | 044 036 | 025 |-078| -054 | 034 || -1.18 | -069 | 042
& —er | 032 -027 | 013 | -056| -043 | 017 || -085 | -057 | 021
U —ugr | 027 | -024 | 011 | 048 | -038 | 015 | 072 | -051 | 0.18
4 —dg || -024 | -021 | 0.10 | 043 | 035 | 0.13 | -0.64 | -047 | 016
tr > € | 032| 027 | 013 | 056 | 043 | 017 || 0.85 | 057 | 021
lr— gL | 030 | 026 | 0.12 | -053 | -0.41 | 016 | -0.79 | -0.55 | 021
tr > ¢, | 017 | 016 | 007 | 0.30 | 026 | 0.09 || 046 | -037 | 012
lr — ur | 012 | -012 | 0.05 || 022 | 020 | 0.07 | -033| -028 | 008
Ik — dr || -0.09 | -0.00 | 004 || -017 | -0.16 | 005 | -0.25 | -022 | 006

Single Log are within the perturbative control but resumma-
tion is needed to reach the % accuracy.
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N
Exclusive XS at DL

pi k- — pp + X(¥)pr<mw
Kt p (= 1)"
- 2 ( E2\)"
Mn—loop ~ Mg X (#%Iog (ﬁ))

B P Mn-loop ~ MB

We cannot compute the amplitude in a perturbative expansion

M = Mp + Miigop + .. =7
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N
Exclusive XS at DL

pi k- — pp + X(¥)pr<mw

InfraRed Evolution Equation: we can introduce an unphysical IR cut-off
[Fadin, Lipatov, Martin, Melles (99)] A and compute the derivative of Mg, (X)

M — Msan(N) 2 < %(kl?q)

Ky p
dMun(N) _
ay { aog'() — KMun(2)
Meai(h = m3,) = My
7o p
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N
Semi-inclusive XS at DL

pip— —> pp + X(v, Wy, 2)

a1 o
a2 | Qo o =0o1...0p —> SU(2) indices
|
| for instance oy =y, or 4
: P ’D(Xa
\ \’A is an IR cut-off on both real and vir-
|
as | &3 tual radiation
oy Qg

D& = Mg, (A (ME, (V)" + NifdPh’Na T ML) MELN)"

PL---PN
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N
Semi-inclusive XS at DL

pi - —> pp + X(v, Wy, 2Z)

ain a=ai...0np —> SU(2) indices

a2

for instance oy =y, or 4

"X\ is an IR cut-off on all the real and

|

|

|

|

: _
! =DY*
|

| . . .
| virtual radiation
|

|

|

The IR evolution is not diago-

nal in the “SU(2) color” space

dDS*  _ _ jraa BB
dog?) ~ g D

— ad
dOinc = sz _
Wlai=a1=H+,...
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Semi-inclusive XS at DL

pi - —> pp + X(v, Wy, 2Z)

ain a=ai...0np —> SU(2) indices

a2

for instance oy =y, or 4

"X\ is an IR cut-off on all the real and

|
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|

: _
l =Dy~
|

| . . .
| virtual radiation
|

|

|

The IR evolution is not diago-
nal in the “SU(2) color” space
dDS* _ _ jraa BB
dlog’(x) ’Cﬁﬁ D5 Y K2 =0
dOinc = ID:EC a=a

Wiloar=&1=p4,...
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-
Sensitivity projections: W&Y operators

Oow = Jwiw, O = Iy Jy

7 =3 fraghf L =3 YefyHf L5f
f f ptp~ —cc
1k
Semi-inclusive and exclusive XS (with 95% CL
the same hard states) probe differ- 0.5} 30 Tev
ent directions on the W&Y plane =
< 0
-
0.5
= Exclusive
1t )
With radiation
M Combined
—15F ‘ ‘ ‘ ]
—2. -1 0 1 2.

W x 10°
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-
Sensitivity projections: W&Y operators

Oow = Jwiw, O = Iy Jy

=3 fraqhf JU =3 Yefyrf L5 ‘ ‘ ‘ ]
f f ptp~ —cc
1+ ]
Semi-inclusive and exclusive XS (with 95% CL
the same hard states) probe differ- 0.5} 0TV ]
ent directions on the W&Y plane =
« of ]
e E e E -
Ky Hy —CLcL Ky By —CLcL
Lo _ 1 m Exclusive
_ Ky B —CLe "7 With radiation
+ — LPL
O..IJ'L Ky —eer e OB N ~ = Combined
nc + Ky Vu—CLSe ~15L ]
#JB -2. -1 0 1 2.
W x 10°

Different dependence on W and Y
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Sensitivity projections: W&Y operators
Oaw = Jwdw, Oaw = Jy Jy

Ha £an b Mo £ lb
) ;ﬁ v ;Yff’y f 95%CL 30 TeV
Semi-inclusive and exclusive XS (with

the same hard states) probe differ-

ent directions on the W&Y plane

ot —er
P
[

“Charged"” processess are as im-

+ - F o
. . o5l wpT —ete
portant as the “neutral” ones :

— Exclusive

— With radiation

—1 —0.5 0 0.5 1
W x 10°
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Sensitivity projections: W&Y operators

There is still advantage to combine semi-inclusive and exclusive XS
when we put together all the many channels

Process | N (Ex) | N (S-I) | Eff. T N mmw
ete” | 6794 | 9088 | 100% ST — N 30T
eve — 2305 | 100% 05l i ‘ ]
wtu | 206402 | 254388 | 100% ’ o
v, — [ 93010 | 100% . 95%CL
7= | 6794 | 9088 | 25% =l ]
TV, — 2305 | 50% >f
Jj (Nt) | 19205 | 25725 | 100% -
ji(Chy | — | 5653 | 100% 05| wih Tadation | ]
cé 9656 | 12775 | 25% Dotted: ; ]
cj —_ 5653 50% exclusive ‘\\ J‘ 77777777
bb | 4573 | 6273 | 64% il i / ]
tt | o771 | 11891 | 5% ‘ N /
bt — 5713 57% -1 —0.5 0 0.5 1

W x 109
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Sensitivity projections: W&Y operators

There is still advantage to combine semi-inclusive and exclusive XS

when we put together all the many channels

Exclusive-only [95% CL

Combined [95% CL]

Wx 107 Yx107 | pwy Wx 107 Yx107 | pwy
3TeV || [-53,53] [—48,48] |-0.72 || [-41,41] [=46,46] | -0.60
10 TeV || [-5.71,5.71] | [~4.47,4.47] | -0.74 || [-3.71,3.71] | [~4.16,4.16] | -0.54
14 TeV || [-3.11,3.11] | [-2.31,2.31] | -0.74 | [-1.90,1.90] | [-2.13,2.13] | -0.52
30 TeV || [~0.80,0.80] | [~0.52,0.52] | -0.75 || [-0.42,0.42] | [~0.47,0.47] | -0.48

The effect of radiation grows with the
energy and mostly affects the reach on W
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Sensitivity projections: Oy &Opg operators

’Are semi-inclusive and exclusive observables enough?

—
Ow = ig(H'T? D KH)D*W;, 10l
/ =
Og = i&(H' D*H)8" By, =,
| [
In the Cy&Cpg plane there E
is an accidental flat direction v ol
forCy ~ —-Cg =
The combination of semi-inclusive
and exclusive final states is not —10}

enought to constrain the flat direction

Lorenzo Ricci (EPFL) EW radiation at the p-collider
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m With radiation

m Combined

95%CL

30 TeV

-10 =5

o 5 10
Cp[107* TeV 7]

Thursday 15¢ September, 2022

12/18



Sensitivity projections: Oy &Opg operators

’Are semi-inclusive and exclusive observables enough?

Ow = ig(H'* DrH)D*W?,
O = i& (H' D #H)3" By,

In the C&Cp plane there
is an accidental flat direction

forCw ~ —-Cg

The flat direction disappears
when we polarize the beams

Lorenzo Ricci (EPFL)

10

ot

Cyw [107* TeV 2]
o

m Unpolarized

95% CL
30 TeV

Polarized L 30%
m Polarized R 30%

m Polarized combined

—10L ‘
—10 -5

EW radiation at the p-collider

0 5
Cp[107* TeV~?]
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Sensitivity projections: Oy &Opg operators

’Are semi-inclusive and exclusive observables enough?

. = 10F T ' " "
OW = Ig(HTTa D “H)D”WE‘, Unpolarized 95% CL
’ — 30 TeV
Og = i&(H' D*H)8" By, 51
In the Cw&Cg plane there 0

m All -Wh (S-1) w

is an accidental flat direction
forCw ~ —-Cg
Less inclusive final states mimic

w [107* TeV 2]

\

the effects of polarization and :i:;)’l’lﬁz‘l“"')

seem to resolve the flat direc- _10k ‘ ‘ ‘ ‘
tion but we have no consistent -0 =5 0 5 10
(resummed) prediction for them. Cp[107* TeV™?]

We need more control on more observables!
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Sensitivity projections: a simple universal Z’

CLIC and FCC [Input for european strategy (20)]

95% CL

0.4 ]
m 3TeV
0.2 ]
m 10TeV |
100 200 300 400 500

MZ’ [TGV]
10 TeV p collider can generically test 100+ TeV new physics
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-
Sensitivity projections: Composite Higgs
12

95% CL -

10

m Oy + Oy — difermion

s

m Oy + Op —> diboson
m Oy [Buttazzo, et al. (20)]

— Combined

it S

60 80 100
m. [TeV]

Indirect effects of a finite Higgs size are enhanced by the energy
A 10TeV p collider can rule out an extremely high compositeness scale m,
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-
Sensitivity projections: Composite Higgs

12
10F 1
8k 95% CL
* 10 TeV

S 4L ]

47 m Universal CH
ol = Comp. Top (¢, =1) |

40 80 120 160

m. [TeV]

High-energy ditop production is particularly sensitive to composite top.
The same processes can be used to discover or characterize new physics!
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Conclusions and outlook

@ 10 TeV u collider with 1% accuracy can test 100+ TeV new physics
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Conclusions and outlook

@ 10 TeV u collider with 1% accuracy can test 100+ TeV new physics

o Consistent predictions require proper control of the radiative
corrections = Resummations

— SCET is most likely the right “tool” to go beyond DL toward the
1% accuracy [Manohar, Waalewijn (18)]. EW PDF /Showering is a related
subject [Bauer, Webber (17); Han, Xie, Tweedie (16);...]
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perturbative) framework.
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@ 10 TeV u collider with 1% accuracy can test 100+ TeV new physics

@ Consistent predictions require proper control of the radiative
corrections = Resummations

— SCET is most likely the right “tool” to go beyond DL toward the
1% accuracy [Manohar, Waalewijn (18)]. EW PDF /Showering is a related
subject [Bauer, Webber (17); Han, Xie, Tweedie (16);...]

— IR effects in QFT are interesting per se. The u collider offers extra
motivation to study this problem in a novel (and completely
perturbative) framework.

@ Heavy new physics modify the pattern of EW radiation:
we can learn BSM by looking at the SM radiation

— More observables beyond the semi-inclusive and the exclusive ones
offer additional information on new physics. Can we control them?

— This non trivial BSM/SM interplay offers a new playground for
phenomenologists
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Thank you!
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