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Outline

oday | will discuss a few SM topics which may be
covered by the TLEP physics program :

The possibilities for measuring g (m Z)

Jet physics at lepton colliders

WW pair production

Some comments about extensions to VHE-LHC

(For top physics see Markus’ talk) *1 ~



Overview : SM Phenomenology @
lepton colliders




Comparison between hadron and lepton colliders

Hadron colliders

Lepton colliders

Initial State

PDFs required (with
iInherent uncertainty)

No PDFs

Higher order corrections

Large QCD corrections,
precision difficult

Smaller corrections,
precision possible, ee-
>jets known at high
multiplicities

Monte Carlo status

Advanced, many tools and
new techniques.

Some dedicated codes,
aspects not developed
since LEP

The LHC has provided challenging problems to SM
phenomenologists, the resulting tools could easily be modified to

work for future lepton colliders.
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Differences between lepton and hadronic
environments

The main difference is of course the abillity to study EW
processes with much greater precision.

At the LHC NLO EW corrections are of order 5 % (but can

be much bigger), around the same order of magnitude as
NNLO QCD corrections.

At lepton colliders for EW processes EVW corrections are

dominant and need to be taken into account to match
experimental precision.

So most of the new calculations needed for TLEP will be
NLO EW corrections!




- A beginners guide to NLO.

Higher order
corrections
iInvolve “loop”
level Feynman
diagrams.




- A beginners guide to NLO.

The momentum In

these loops Is
/ 4/ unconstrained so we
have 1o integrate over
them.
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- A beginners guide to NLO.

However these
iIntegrals diverge

IN 4 dimensions
/d4_2€€

SO we have to
regulate the
integrand.
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- A beginners guide to NLO.

After UV
renormalization the
remaining IR
singularities are
removed when the
loop diagrams are
combined with the
real emissions.
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e'e — jets




ete”™ — jets

Jet production at lepton colliders provides a fantastic
testing ground for perturbation theory, allowing :

Measurements of (X g

Studies of event shapes, testing perturbation theory,
resummation.

Represents a proving ground for high loop
computations
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e'e — jets

(Gerhmann-De Ridder, Gehrmann, Glover and Heinrich 08’)
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Existing LEP data
already highlights
need for treatment of
large logs In regions
of phase space
which are sensitive to
soft/collinear
radiation.

Dedicated NLLA

resummations exist,
however may need NNLLA
and NNNLO to fully exploit

future datal *
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(Gernmann-De Ridder,
Gehrmann, Glover and

Jet fractions at different orders i o8
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Each order in perturbation theory results in improved agreement ¥
with LEP data. For the relative jet fractions. -
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e — jets

# of jets Order (and ref)
3 NNLO-+NNLA [1-3]
4 NLO [4-5]
S NLO [6]
6 NLO [7]
7 NLO [7]
8 LO [7]

[1] Gerhmann-De Ridder, Gehrmann,
Glover, Heinrich 08’

[2] Weinzier|l 08’

[3] Dissertori, Gerhmann-De Ridder,
Gehrmann, Glover, Heinrich, Luisoni,
and Stenzel 09’

4] Campbell, Glover and Miller97”

5] Welinzierl and Kosower 99’

6] Becker, Reuschle and Weinzierl 10’

|7] Becker, Goetz, Reuschle,
Schwan and Weinzierl 11)

Apologies if I've missed any here! *-.



More and more Jets.

1 Ard
SN By

(Becker, Goetz, Reuschle, Schwan and Weinzierl 11)
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Extremely efficient in CPU time for such

high multiplicities!
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Measurements of Qg

Lepton collisions at a fixed
energy provide a great
setting to measure the
strong coupling.

3 jets is the first time the
processes depends on the
strong coupling.

Historically various event-
shapes observables (and
the overall 3 jet rate) were
used.

Whats the theory status for
the future?
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(Dissertori, Gernmann-De Ridder, Gehrmann,

6 6 > ] 61/_8 Glover, Heinrich, Luisoni, and Stenzel 09’)
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By including the

| resummation one

improves the

"| agreement with data,
| at the cost of larger

theory uncertainty.

| Future developments

could involve NNLLA

{ resummation and

matching to showers
to improve
hadronization
uncertainty.




Measurements of (X g
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An alternative way of measuring the strong coupling is to
use the R ratio. Which is known to O(a?) in perturbation
theory and is experimentally clean.

(Baikov, Chetyrkin and Kuhn 08)
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Why R? (Dissertori’'s Energy frontier meeting slide)

r

ag from inclusive Z decays P e

¢ Advantage of inclusive observables:
@ by now known to NNNLO !
non-perturbative effects strongly suppressed

['(Z — hadrons)
Rexp = = R 149 Om + On
P T'(Z — leptons) zw (L +00cD + 0 + 0np)

Th. Gehrmann:
calculations can be
improved if necessary

docp = icn (%)n + O(a?) \

n=1 A4
s(M M4
cp = 1.045 = C1a (Mz) ~ 0.04 = O(1/25) 0.0001 . bl
T << 0. , no problem

G. Dissertori

ETH Ziirich alphas at a Z factory .
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Why R? (Dissertori’'s Energy frontier meeting slide)

7

i)

ETH Institute for

Latest results from LEP EW group i Physc
ALEPH —8— 20.729+0.039 ALEPH —@— 2.4959+0.0043
DELPHI—@— 20.730=0.060 DELPHI ——&— . 2.4876x0.0041
L3 O 2080920060 L3 . —6— 2.5025:0.0041
OPAL | O 20822:0.044 OPAL S 2.4947:0.0041
LEP . 207670025 (0.12 % rel.) LEP o 2 4952:0.0023
. common: 0.007 - common: 0.0012
% /DoF = 3.5/3 (0.09 % rel.) x2/DoF =73/3
207 208 20.9R? 2_!4 f; — 249 ' 2511 [ ég %[ ]
Z
Source J Iz  op4 R} R} pe sin2OP my from slide 4:
[MeV]|  [nb] [MeV]
Ao (m2) | 0.00035 0.3 0.001 0.002 0.00001 — 0.00012 6| Aas ~ 95 . ARexp
ag(m3) 0.003 1.6 0.015 0.020 — — 0.00001 2 Qg ReXp
T my, 2IMeV || 02 0002 — — 0.00002 3
my 4.3 GeV 1.0 0.003 0.002 0.00016 0.0004 0.00014 26
logo(mu/GeV) | 0.2 1.3 0.001 0.004 0.00002 0.0003 0.00022 28 thus: foor a rel. prec.
Theory 0.1 0.001 0.001 0.00002 —  0.00005 4 of ~0.1% on as we *
: need rel. exp. prec.
Experiment 2.3 0.037 0.025 0.00065 0.0010 0.00016 34 25 times better ! *

G. Dissertori
ETH Zirich

alphas at a Z factory



eTe” = 4f(WTW™)

(for more details see e.g. C. Schwinn’s Seattle Snowmass talk)

T
L.



Production processes at a lepton collider
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Counting ‘W’s vyields two
topologies (all potential 4f final
states)

As com energy grows W pair
IS s-channel suppressed
compared to t-channel
Processes.
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WV overview

17/02/2008

: — | . | .
eXperlmeﬂt at I_EP < YFSWW and RacoonWW ;
DE
1% agreement with SM NLO predictions
Measured 6" / YESWW 10 7
PRELIMINARY
183 GeV _e—  1.034:0.023
189 GeV + 0.986 = 0.013
192 GeV . 1.000 = 0.029 ) ———
196 GeV _,_ 1.003 + 0.019 160 180 200
200 GeVv —e— 0.985 + 0.018 . . Vs (GeV)
05 Gey B ress.0ma 08N CONstrain non-abelian
505 Gy N 0,980 = 0,018 EW gauge structure through
207 Gev 4 w005 AGC measurements.
LEP combined . 0.994 = 0.009

X/naf=322/31 And measure W mass at threshold.




Theoretical status of WW calculations

LEP era

NLO corrections split into two parts, Factorizable
and Non-Factorizable soft contributions, used in

LEP2 MC. RacoonWW and YFSWW
(Denner et al. 99 Jadach et al 99)

Post LEP era

Complete NLO calculations for the charged
currents (Denner et al. 05)

Log-enhanced NNLO corrections for v/s >> mw
(KUuhn et al 05)

NLO and leading NNLO correction in threshold
expansion. (Beneke et al. 08, Actis et al 08)




ete” — 4f

V/Z
The full ete™ — 4f is now available, and
represents a fantastic theoretical achievement,
(over 1000 loop diagrams, 6 - point integrals)
(Denner, Dittmaier, Roth and Wieders 05)
V/Z

o[ fb] I I I I I ! ! ! ! !
ete” = v T,

150

100

Needed to match future
exp precision!
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Possible Improvements and future directions.

Treatment of ISR radiation (currently LL resummation)

Threshold resummation, implementation Leading NNLO
corrections?

qa->WW @ NNLO should be available soon, could be
utilized to improve predictions.

Calculation of Triboson (and ZZ) processes at NLO in EW.
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Theory post TLER the VHE-LHC

(borrowed from John Campbell’'s Snowmass Seattle talk)




Cross sections at higher energies

+ Most important cross sections
are reasonably stable under NLO
corrections at higher energies.

33 TeV

Process M M
Wi (Y 200 GeV) | M2, + pi”?
Wi (pY = 200 GeV) M3, +p¥*
25 (Y = 200 GeV) M2 4
¥i (py > 100 GeV) p1?
Wty (p2 > 100 GeV) | pl°
W™y (p} > 100 GeV) 1t
£y (pl. > 100 GeV) pr?
vy (both pr = 100 GeV) e

P (mep > 150 GeV) | m2,,

+ Some notable exceptions that

are understood.

+ Scaling of cuts on basic objects
assumed (jets, photons).
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Lessons from NLO

+ Phenomenon of “giant” K-factors well-known - see recent studies
by Sapeta & Salam.

14
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One/ 9o

o

W*y, pp collider
=1, =P,

100 TeV
33 TeV
14 TeV

% 40 60 80 100 120 140 160 180 200

p_Yr cut [GeV]

+ Caused by new gluon
contributions and
kinematic configurations.

W

7
- jet
v / je
+ Exacerbated by scaling
cuts with energy.

4+ Underlines importance of
using latest tools (such as
matched samples) where
these effects are included.

QCD Working Group Report - John Campbell - 9



Summary

Many advanced calculations for jet production at lepton colliders
exist, extending these will require heroic theoretical effort.

Some “easy” things to do will be to study NLO+PS matching with
existing predictions.

Large Luminosity at a future lepton collider will allow access to rarer
EW processes, NLO corrections for these will be required.

In general the theoretical SM predictions are in pretty good shape,
and can probably be improved as needed (with significant time
investment) for the exp results. (e.g. NNLLA resummation, N3LO,
NLO EW).

VHE-LHC will require new approaches.....




