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Many presentations
in the parallel session

Thursday, 22 May 2014 . .
Y Y relevant for this topics

15:00 - 15:15 Introduzione 15’

Speakers: Stefano Forte (MI), Aleandro Nisati (ROMA1), Giampiero Passarino (Universita' di Torino), Roberto
Tenchini (PI)

15:15 - 15:45 Fisica Higgs a LHC 30’
Speakers: Paolo Giacomelli (BO), Dr. Biagio Di Micco (ROMA3), Stefano Rosati (ROMA1)

15:45 - 16:15 VV scattering e VBF 30’
Speakers: Pietro Govoni (MIB), Chiara Mariotti (TO), Chiara Maria Roda (PI)

16:15 - 16:45 Prospettive fisica W, Z, QCD 30’
Speakers: Alberto Mengarelli (BO), Fabio Cossutti (TS), Giancarlo Panizzo (UD)

16:45 - 17:15 Prospettive fisica del top 30’
Speakers: Patrizia Azzi (PD), Marina Cobal (UD)
17:15-17:35

17:35-17:55 Fisica a ILC/CLIC 20’
Speaker: Barbara Mele (ROMA1)

17:55 - 18:15 Fisica a FCC (ee+pp) 20’
Speaker: Roberto Tenchini (PI)

18:15 - 18:30 Fisica a gamma-gamma colliders: Sapphire 15’
Speaker: Marco Zanetti (CERN)

18:30 - 18:45 Fisica a LHeC (ep colliders) 15’
Speaker: Monica D'Onofrio

[ 1111

18:45 - 19:00 Fisica a e+e- bassa energia 15’
Speaker: Graziano Venanzoni (LNF)

19:00 - 19:30 Discussione fisica a progetti futuri 30’



W, Z, QCD: what is really hot for the
future?

Standard Model studies in 2 2014 mean indirect search of new
physics
i.e. no precision for precision’ sake, if new physics is hard to be accessed
directly, this can be an early discovery tool

Otherwise important to characterize which new physics we might have seen

Electroweak precision measurements
My, SiN?(B4), --.
Ogy @nd ag important inputs for global electroweak fits

Study of the multi-boson couplings
Fundamental test of the SM gauge sector: TGCs, QGCs
Direct connection with precision Higgs physics: VV scattering

QCD: fundamental ingredients for the program above
Besides interesting in its own

No precision physics at hadron colliders without precise knowledge of PDFs
and radiative corrections



ELECTROWEAK PRECISION
MEASUREMENTS
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Precision observables and global fits after
(a/the) Higgs boson discovery

= with M, measurement

=2 w/o M, measurement
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If the LHC Higgs boson is the SM one, global EW fit
over-constrained: new level of precision accessible
Eur. Phys. J. C72, 2205 (2012)
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Precision observables and global fits after
(a/the) Higgs boson discovery

= with M, measurement

= wio M, measurement If the LHC Higgs boson is the SM one, global EW fit
sin?(04): the LEP-SLD over-constrained: new level of precision accessible
Iegacy problem Eur. Phys. J. C72, 2205 (20122
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Medium term: W mass at hadronic colliders

Correlation between M,, and PDFs, Q = M,

- World average: 80.385 + 0.015 GeV

- GFITTER: 80.359 + 0.011 GeV

- Otheo 724 MeV with m,and Aaq,,, reduced by a factor ~ 2
- Final AM,, Tevatron expectation: ~ 9 MeV
- Factor 2 from better detector understanding, data driven

- Factor 2 from better PDFs

- How can we go beyond at LHC/HL-LHC?

- The key issue is PDF

- Assuming detector understanding scale with statistics

AMyy [MeV] LHC

Vs [TeV] 8 14 14
L[ 20 300 3000
PDF 10 5 3
QED rad. 3 2
pr (W) model 2 1 1
other systematics | 10 5 3
W statistics 1 0.2 0
Total 15 8 5)

Transverse mass:
all PDFs matter

Lepton p:
gluon PDF particularly
important

Snowmass 2013
projection: ~5 MeV
achievable at LHC

Correlation Coefficient
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Long term: WW mass at lepton colliders

The winning method: o,,, scan at production threshold

rLgp | © Polarized beams

AMy, [MeV] LEP2 | ILC | ILC ete~

\/g [GeV] 161 161 161 161 161 ° ”_C StatiStiCS aHOWS gOOd beam
L [fb~!] 0.040 | 100 | 480 600 | 3000x4 energy measurement in situ
P(e™) [%] 0 90 90 0 0  TLEP: resonant depolarization
P(e™) (%] 0 60 60 0 0 R 6Ebeam ~0.1 MeV ?
systematics 70 ? < 0.5

statistics 200 2.37 0.5 NNLO radiative
experimental total 210 3.9 1.9 >2.3 < 0.7 .

beam energy 13 | 0.8-2.0 | 0.8-2.0 | 0.8-2.0 0.1 correction .matter _
radiative corrections - 1.0 1.0 1.0 1.0 Worst at hlgher energies
total 210 | 4.1-4.5¢f 2.3-2.9 }>2.6-3.2 Cvirwr

Possible alternatives interesting but less competitive:

* Kinematic reconstruction a la LEP2 > 3 MeV N
. Just semi-leptonic, use statistics to avoid FSI issues>/

* Hadronic mass in WW + single W: almost comparable

« Single W abundant at higher Vs
- Different systematics, interesting cross check  1Gev]

‘ ~16
i NLOggr + ANNLO yrecn s
\ L NLOggr +ANNLO ;.. (ISR) 72

P = NLOgpr

_____

—24f

L L L 1 L L L 1 L L L 1 L L L 1 L L L 1 L L L
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Medium term: sin#(8) at hadronic colliders

- How to challenge LEP1/SLD precision before ILC/TLEP?

© O epysip =1.6%104vs &y, ~ 7%107° (=»3%x10-° with m,and Aa, 4 reduced by a factor ~ 2)

- Key problem: the quark direction definition introduces a dilution and PDF dependence
Tevatron : use the incoming proton direction
LHC : use the Il boost z component, more PDF dependent (from sea)
o Bgpp (X104) 19 D4 Bpas: 11%10
CDF event weighting method: compensate acceptance, drop detector
systematics
ATLAS use of forward electrons: much smaller dilution, compensating

statistics
Asin? 0l [107°] | ATLAS CMS | LHC/per experiment
Vs [TeV] 7 7 8 14 14
L[fb1] 4.8 1.1 20 300 3000
PDF 70 130 35 25 10
higher order corr. 20 110 20 15 10
other systematics 70 181 | 60 (35) 20 15
statistical 40 200 20 ) 2
Total 108 319 | 75 (57) 36 21

With expected improvements on PDFs, forward
lepton tagging and smart analyses hadronic
machines could approach LEP1/SLD precision
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: - AD,O ' b, LHC
Medium term: A - via A -

- Highest discrepancy in SM Global Fits
- OLEP1 =16%10-4 vs dtheo ~ 4x10-4

- pull value 2.5 0 = 40 %o

- No experiment measured it after LEP ! Define:

AbLHC _ OF — 0B
FB LHC

OF +0B SALEHC [o1) LHC combined
/5 [TeV] 14 14
- experimentally: adapt A_; to LHC, where F/B defined event by event i L [fb_l] 400 3000
Z rest frame by the lepton angle wrt bjet axis PDE 5 5
- dilution due to b, charge measurement other systematics | 20 15
L o _ ~ statistical <95 <40
- Simplified feasibility studies set an upper bound on both statisti Total <97 < 43
and systematic uncertainties = - -

- Open field of research both from experimental and theoretical
points of view (only LO prediction @ LHC): reduced uncertainties
from PDFs and scale variations

http://dx.doi.org/10.1016/j.physletb.2014.01.010
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Long term: sin?(6¢) at lepton colliders

- All LEP1/SLD studies repeated at ILC-

GigaZ and TLEP Asin? 0. [107°] | ILC/GigaZ TLEP(Z)
- But the 10 barrier can be attacked with A 5 Vs [GSV] L Il
- Key tool: longitudinal beam polarization £l : el A
- Electrons only (a la SLC): absolute polarization SySt.enTatlcs 1.1 0.2
measurement limit statistical 0.5 0.1
- Possible 8P/P ~ 0.25% €=»dsin?(6 ) ~ 5x10° higher order corr. ? ?
- Both e*/ e : use the Blondel scheme beam energy 0.5 0.05
total 1.3 0.3

Aig = (044 +o_y —04- —0__)(—044+0_y —04_+0__)
(O'++ aF @ = aF Od— aF 0'__)(—0'++ T (. aF O = 0'__)’

- 0sin?(B) ~ 10-° claimed to be achievable

at GigaZ

- Still a relative polarization measurement is needed . for P-~ 80%. P* 30%
- 8AR~25x10° ’
- Beam energy/beamstrahlung knowledge
also matters

- A slope due to y-Z interference ~ 2x102/ GeV
¢ 6ALR ~ 10_4

- TLEP: better precision on E, ., with
resonant depolarization

- but spin rotators needed for polarization
combinations

- 8sin(0,,) > 10



TeraZ @ TLEP: LEP1 reloaded?

JHEP 1401
164 (2014)
Quantity Physics Present Measured Statistical Systematic Key Challenge
precision from uncertainty | uncertainty
my (keV) Input 91187500 + 2100 | Z Line shape scan 5 (6) < 100 Eheam calibration QED corrections
Iz (keV) Ap (not Aamaq) 2495200 == 2300 Z Line shape scan 8 (10) < 100 Epeam calibration QED corrections
Ry Qsg, Oy 20.767 + 0.025 7 Peak 0.00010 (12) < 0.001 Statistics QED corrections
N, PMNS Unitarity, . .. 2.984 £ 0.008 7 Peak 0.00008 (10) < 0.004 Bhabha scat.
N, ...and sterile v’s 2.92 £ 0.05 7y, 161 GeV 0.0010 (12) < 0.001 Statistics
Ry, op 0.21629 £ 0.00066 7 Peak 0.000003 (4) | < 0.000060 | Statistics, small IP | Hemisphere correlations
AR Ap, €3, Adpag 0.1514 & 0.0022 7 peak, polarized 0.000015 (1s8) | < 0.000015 | 4 bunch scheme, 2exp Design experiment
my (MeV) Ap , €3, €2, Aapaq 80385 £ 15 WW threshold scan 0.3 (0.4) <0.5 FEhyeam, Statistics QED corrections
Miop (MeV) Input 173200 £ 900 tt threshold scan 10 (12) <10 Statistics Theory interpretation

1 year at Z peak 40% polarization + 1 year Z scan (50% at peak)

The availability of resonant depolarization might allow to repeat the Z
line shape study with a precision better by a factor ~ 10 at least

Linear colliders haven't this tool

Alarge Z = bb sample combined with an adequate detector would
allow a similar improvement to study R,
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Possible achievements in global fits

o LHC precision

My, = 1o

Program of improvements in EWPO can
now shown internal SM inconsistency
Higgs and top essential ingredients as
well

New physics in loops might become
evident

Can be translated in EW oblique —-0-1

observables limits
Fully model dependent?
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0.
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- [I Present SM fit
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u CERN seminar

I Present measurement

:_ ILC precision 09/201 3

- LHC precision
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C Present uncertainties
I ' Prospects for LHC
[ Prospects for ILC/Giga;

0.1
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MULTI BOSONS
MEASUREMENTS
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Multi-boson final states: couplings, Higgs
and new physics

- Gauge boson couplings: basic
characteristics of a non-abelian

1 1 1 ,
L=- ZFWFW - 4—Zw,Z“" - E(FJV)W(FW)" theory
1 1 1 . .
+ 5OHYH + 5M;Z, 2" + My (W), (W,)" — Smiy H? - In SM triple and quartic GC
Ll gy - Deviation from SM, i.e. anomalous
+ig(0, W4y, — 0,W,,) W (cos Oy Z% + sin Oy A*)

couplings: new physics evidence
- Similar study to EW global fit

- Vector boson scattering: need the
Higgs to be unitarized as energy

+ig(QW_, — ,W_,)W(cos Oy Z* + sin Oy A)
+ig(WEWY — WEWY)Ou(cos Bw Z, + sin i A,)

— W W (cos O Z,, + sin Oy A,) (cos Ow Z" + sin Oy A”
+ g*WYW" (cos Oy Z, + sin Oy A, ) (cos Oy Z,, + sin Oy A,)

2
+ %W_,W+,.(WZW£ — WEWY) S ceme AP

increase
-7 u+é7,,(g,,—gn5)e]Z“ - Fundamental test of the SM
I I PP - - Bridge between Higgs and W/Z
0z [F =Wt + 1 =Py hysios

2
+£ (2vH + H"') W_, W+ ("2:—9’2) (%H + H") 7,2

- >

2 (:wH“ + H“) - %éeH




Production Cross Section, o [pb]
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Multi-boson final states: couplings, Higgs
and new physics

— — — —
3 o o o o
— N w 5N [6)]

—
Q

~ 1 n o 1 o ltn‘l' v fmouwp V4
Feb 2014 CMS Prellmlnary
- o § 7 TeV CMS measurement (L < 5.0 fb™) .
Eoe § 8 TeV CMS measurement (L < 19.6 ") ¢
= — 7 TeV Theory prediction 3
[ Loe= -
~ — 8 TeV Theory prediction —
E 4 CMS 95%CL limit -
= S q -
E =
- ~ =
E I =
- RN =
s =N/ B B s
E: A T =
3 i 1.
L «—=_1%t |
Fwl wy ' zy 2z m’lgg}{lwwln ltm,‘ltwlts_chlnylnzlgngvaﬁlwlnHl
[ )

Th. Ao, in exp. Ac
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Gauge boson couplings: basic
characteristics of a non-abelian
theory

In SM triple and quartic GC
Deviation from SM, i.e. anomalous
couplings: new physics evidence

Similar study to EW global fit
Vector boson scattering: need the
Higgs to be unitarized as energy
increase

Fundamental test of the SM

Bridge between Higgs and W/Z

physics
Di- and tri-bosons: cross sections
quite smaller than for single boson
production

High luminosity is fundamental for

precision studies
VBS sensitivity to new physics
grows with energy

Hadronic machines have a plus here

Forward region becomes fundamental



23/05/2014 F. Cossutti 17

Anomalous couplings in the Effective Field Theory approach

- Effective Field Theory: extend the SM Lagrangian with dimension 6, 8 operators
- Describe effective interactions mediated by particles with mass at a scale A

C; S,
Lerr = Lsm + Z O+Zf‘70,y+ Z fTJOTJ—i_ Z fMJOMJ
z’=WWW,W,B,<I>W,<I>B j=0,1 j=0,...,9 Jj=0,...,7
| ] 1 ]
| |
dimension 6 dimension 8

- If A>> experimentally accessible scale, i.e. O(1-2 TeV), the SM is a low (compared to A\) effective
theory

- Various representations of operators among different calculations, but relationships available for
instance in arXiv.1310.6708

- Both TGC and QGC in dimension 6 operators, dimension 8 add genuine QGC

- Relationships also with the Lagrangian parameterizations used at LEP:

Av
L =i V(WEW™H = WHW VY + sy WIW, VR 4 WA W PV e 2
gwwyv (gl Wi )V + ey WIW, M, Lo = 166 1 aoFMuF”"W"W
+igy WIW, (0#VY + 0"VF) — igs e P7 (W 0,W, — 8,W, W, )V, 2
A Le=—15 3 0cFual™ W
FRYW W VI + S Wt "V”)
miy

C,P conservation + electromagnetic gauge invariance
Reduce to a minimal independent set Ag,? ,AKY, )‘v



4 fermlons Charged Triple Gauge Couplings

Feb 2013
T

' I ' I |m|ts
see 1| - LHC already competitive on A , Ak
LEP Limit = =
Ak, * — 13';‘;313'323 son’ K-type couplings: mostly sensitive to
— . ww 0.210-0220 4.9 b differential distributions
— -0.110 - 0.140 5. 1 . . .
Y e i 15025 aa Cleaner environment in lepton colliders
—e—i LEP Combination -0.099 - 0.066 0.7 b he|ps, ILC C|ear|y Winning
2\ — Wy -0.065 - 0.061 4.6fb': .
' — Wy -0.050-0.037 5,0 b7 A-type couplings: strong Vs
— WW -0.048 - 0.048 4.9 o'
— WV -0.038 - 0.030 5.0 fb™' dependence
Fo DO Combination  -0.036 - 0.044 8.6 fb™ ey . . . .
o LEP Combination -0.059 - 0.017 0.7 o' Sensitivity in high p+ tail of diboson
— T s system, benefit from large statistics
aTGC Limits @95% C.L. HL-LHC not much worse than ILC800
Feb H
ey T T HE-LHC could further improve
EEFI'_ITmn m
Ak — WW -0.043 - 0.043 4.6 fb™
z — WV -0.043-0.033 5.0 fb™
e LEP Combination -0.074 - 0.051 0.7 fb™
A — WW -0.062 - 0.059 4.6 b’
z — ww -0.048 - 0.048 4.9 b Ag4  [-5,2] X102 3x10°3 2x103 1.8x104
— wz -0.046 - 0.047 4.6 b
— WV -0.038 - 0.030 5.0 fb™ ) " i ;
o DO Combination  -0.036 - 0.044 8.6 fb Ky £-10,7]x10 3x102 1x102 1.9x104
re- LEP Combination -0.059 - 0.017 0.7 fb”'
A — WwW -0.039 - 0.052 4.6 fb™ A [-6,2]x102  9x104 4x104 2.6x104
g, — WW -0.095 - 0.095 4.9 fb" \ ’
— Wz -0.057 - 0.093 4.6 b’
o DO Combinati -0.034 - 0.084 8.6 fb™ .
| - _LEPC SSmEi:t)lgn _-0.054-0021 0.7 1" arXiv.1405.3841
-0.5 0 05 1 1.5

aTGC Limits @95% C.L.
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o-fermions: QGC and VBS
< top-top (EW) >'ﬂfi

TGC & QGC — % % %é
? ﬁ/v< < VV and non resonant
AAVANNG

2 N4
And o4, oy —

”0000000\




o-fermions: QGC and VBS

Quartic Gauge Couplings: from both di- (e.g.
WW,WZ.727) and tri-boson production (e.g. Zyy)

Vector Boson Fusion/Scattering: characteristic
emission of very forward jets, large jj mass, large
rapidity gap (colourless objects in the central region)

In SM unitarity of VBS cross section with increasing Vs
guaranteed by the Higgs boson
 Fundamental test of SM, one of the flagship
measurements for HL-LHC
» Natural bridge between Higgs and W/Z studies

With typical experimental cuts EWK VV cross sections
O(~ 10 fb)



o-fermions: QGC and VBS

The study of m(VV) in V, V|, = V, V|, can probe whether the Higgs alone can
describe the process of whether there is evidence for some new physics at
igher scale, reducing the effective hVV coupling compared the SM by V&

- In practice there is also the transverse polarization to take into account, and
the PDFs suppress the growth, so a precise measurement of the production

rate at high mass is needed
10* = ; ; : : : : [ ud->udW'W ->uduvecs~ | /
10° hep-ph/0512219

No Higgs case

102 | &

Cross Section (pb)

10" +

o

~

(6]
do/dM(WW) [pb/GeV]

=

— L
\A 10-10 - —TT
100 1 1 E TL

200 400 600 1000 2000 3000 5000 | I | | | |
s (GeV) oL L L L L
WwW 500 1000 1500 2000 2500 3000

M(WW) [GeV]

Cheung, Chiang, Yuan



Entries

o-fermions: QGC and VBS

3500
3000
2500
2000
1500
1000

500

ATL-PHYS-PUB-2013-006

ATLAS Simulation Preliminary . VBS ssWW (SM)
j L = 3000 fb'

. SM ssWW QCD

SM WZ + mis-ID

4 £
my, [TeV]

CMS-FTR-13-006-PAS

CMS Projection: Vs = 14 TeV, L = 3000 fb5'
T | T | T T T | T T

2000

1000

400

C T T T T T | T T T —
= 7000 Wwzaoco 4
£ [Mzz -
%6000 PWWzZEWK
w5000 et
. .
T 4000 E
< fr N\ =1 TeV+* -

T =
€ 3000 —~
= E

_
N #

600 800 1000 200

WZrdansverse Mass, el

¢

Examples of possible new physics signal expectations

HL-LHC projections for Snowmass 2013



Limits on QGC

ATLAS projections for Snowmass 2013
Clear sensitivity gain with luminosity increase

300 fb—! 3000 fb—!
Parameter | dimension | channel | Ayy [TeV] ‘
50 95% CL 50 95% CL
cow /N2 6 77 1.9 34 TeV=2 | 20 TeV=2 | 16 TeV—2 | 9.3 TeV 2
fs.0/A 8 WEW* 2.0 10 TeV=* | 6.8 TeV~% | 4.5 TeV~% | 0.8 TeV~*
fra/A* 8 wWZz 3.7 1.3 TeV=* | 0.7 TeV=* | 0.6 TeV~* | 0.3 TeV~*
T8/A 8 Z 12 0.9 TeV=% | 0.5 TeV=2 | 0.4 TeV—* | 0.2 TeV—*
frs/ Y
fr.o/A* 8 Zyy 13 2.0 TeV=* | 0.9 TeV—* | 0.7 TeV—* | 0.3 TeV—*

Kinematic selection satisfying unitarity

Lepton colliders not competitive on dimention-8 operators, LHC better by
1-2 orders of magnitude

* Limits in scale are model LHC 300 fb—1 LHC 3000 fb—1
dependent Lype of resonance 5o 95% CL So 95% CL
scalar ¢ 1.8 TeV | 2.0 TeV | 2.2 TeV | 3.3 TeV
;imFglzmmfgé’él\év (\;\]f\évg/;/g;?g sEEhr 2.3 TeV | 2.6 TeV | 2.9 TeV | 4.4 TeV
resonances tensor f 3.2 TeV | 3.5 TeV | 3.9 TeV | 6.0 TeV

Snowmass 2013, arXiv.1307.6708



Limits on QGC

ATLAS projections for Snowmass 2013
Clear sensitivity gain with luminosity increase

0 fb~? 000 fb—!
Parameter | dimension | channel | Ayy [TeV] 50 5000
50 95% CL 50 95% CL
cow /N2 6 77 1.9 34 TeV=2 | 20 TeV=2 | 16 TeV—2 | 9.3 TeV 2
fs.0/A 8 WEW* 2.0 10 TeV=* | 6.8 TeV~% | 4.5 TeV~% | 0.8 TeV~*
fra/A* 8 Wz 3.7 1.3 TeV=* | 0.7 TeV=* | 0.6 TeV~* | 0.3 TeV—*
frs/A* 8 Zyy 12 0.9 TeV=* | 0.5 TeV=* | 0.4 TeV—* | 0.2 TeV~*
fr.o/A* 8 Zyy 13 2.0 TeV=* | 0.9 TeV=* | 0.7 TeV—% | 0.3 TeV—*

Lepton colliders not competitive on dimention-8 operators, LHC better by
1-2 orders of magnitude

NG 14 TeV 14 TeV 33 TeV 100 TeV [
Parameter
Lum. 300 fb—! 3000 fh—t r
5 7300 (830 3600 (310 1900 (190 750 (120
faro/ A4 [TeV—1] | (530) (310) | 1900 (190) | 750 (120)
95% CL | 4200 (360) | 1200 (160) | 660 (120) 71 (59)
A i 50 7600 (1600) | 3600 (680) | 2100 (340) | 1000 (220)
fua /A% [TeV™H
95% CL | 4500 (800) | 1200 (290) | 770 (160) 240 (126) 33 TeV
5 3300 (130 510 (48 310 (26 120 (16
fora/ A% [TV |2 (130) (43) 26) (16)
95% CL 670 (56) 160 (21) 110 (13) 25 (10)
5 2400 (250 720 (120 320 (66 180 (34
fara/ A [TeV—1] | (250) | 720 (120) (66) (39
95% CL 820 (133) 210 (52) 130 (23) 38 (15)

to Vs

)

Sensitivity increase from 14 to

~1.2 -2 for dim-6 (WZ,Z2)
~ 12 for dim-8 (Zyy)
Tribosons look very sensitive
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Photon-photon scattering and QGC

Very forward proton taggers for ATLAS and CMS at ~200 m from the

i.p. allow the study of Central Exclusive Production of boson pairs

- Key additional tool for QGC studies

Y W’ Y W’ Y W
Y w* Y w* Y w*

_ %103
N> -
> - 7T Z 30fb’
S oo el Z 200 fb"
OS - N \\\ .......... W30 fb.1

R AR [ -1
© .05 ST W 200 fb

L \\‘: tj:.?‘\\\

of RREA VRN
\\S"%:: \\\
C \\\:*\ ~~‘.\\\
-0.05[— RIS,
- \\\\' N
0.1~ . TSl
\'s=14TeV - 50 discovery
G v v b v b v b v b b by
3 20 -10 0 10 20 30
a%A? [GeV?

PRD 81 074003 (2010)

Jx10®

LEP L3 limits ——  CMS WWy limits —_—
July 2013 =9
d DO limits CMSyy — WW limits ===
Anomalous WWyy Quartic Coupling limits @95% C.L. Channel Limits L \s
Wwy [- 15000, 15000] 0.43fb™ 0.20 TeV
yy —>WW [-430,430] 9.70fb" 1.96 TeV
y - ww: [-21,20] 19.30fb" 8.0 TeV
al/A? Tev? !
Yy = WW [- 4, 4] 5.05fb 7.0 TeV
wwy [- 48000, 26000] 0.43fb™" 0.20 TeV
yy — WW [-1500,1500] 9.70fb™ 1.96 TeV
— wWwy [-34,32] 19.30fb" 8.0 TeV
a%/A? Tev?
............ yy—=WW  [-15,15] 5.05fb" 7.0 TeV
-1
fro A4 Tev™? wwy [-25,24] 19.30fb”" 8.0 TeV

-10°-10*10°10%2-10 -1 1 10 102 10° 10* 10°

Orders of magnitude
beyond LEP before ILC
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Photon-photon scattering and QGC

Very forward proton taggers for ATLAS and CMS at ~200 m from the

i.p. allow the study of Central Exclusive Production of boson pairs

- Key additional tool for QGC studies

01

0.05[—

-0.05

Ly

bevond LEP before |l
yona LEF Detore 1L

P

- \s=14TeV - 50 discovery
I

L

----- Z 30 b’
-------- Z 200 fb
.......... W 30 fb1
—— W 200 fb"

Ly

-30

-20

-10

0

P R
10 20 30

a%A? [GeV?

PRD 81 074003 (2010)

C

Jx10®

Strongly suppressed
in SM

y w Y WY W p P
Y
v
W W
v
y wt ooy wt ooy w i
p p

Orders of magnitude

Lan = G Fu P Fpo FP7 4 Fyy F7P Fpp I

Luminosity|| 300 fb~* | 300 fb~' |{300 fb~'{[6000 fb~!
pile-up () 50 50 50 200
coupling |([> 1 conv. v|> 1 conv. || all v all ~

(GeV™) 50 95% CL ||95% CL || 95% CL

¢ ff. 1-1071 7-107 |l4.-107%| 2.-1071

¢1 no ff. 3-107* | 2.107™ |[1-107*||6-107"

G £f. 3-100% | 1.5-107"° [|8.107"*|| 4. 107

¢2 no f.f. 7-107H 2.107* ||2-107"|[ 1-107*

arXiv.1312.5153
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- PDFs are the limiting factor in many predictions for hadronic colliders

o(gg =»H) has a ~ 8% uncertainty due to PDFs
= my, sin?(B), ...
- LHC data starts to be used on top of HERA/Tevatron
NNPDF 2.3 (also add QED)

LHC 8 TeV - Ratio to NNPDF2.3 NNLO - 0,,=0.118

B NNPDF2.3 NNLO

------- CT10NNLO
------- MSTW2008 NNLO

For gg luminosity not so good =12
agreement in the region of the -§‘-‘5
EW scale between GLOBAL 51050
PDF SET

99

10? M, 10°

. FOI’ qq |Um|nOS|ty QUIte LHC 8 TeV - Ratio to NNPDF2.3 NNLO - a,,=0.118

good agreement in the
region of the EW scale
between GLOBAL PDF SET

B NNPDF2.3 NNLO
------- CT10NNLO

« Uncertainty blow up for
large-mass final states

JHEP 1304, 125 (2013)

LHC 8 TeV - Ratio to NNPDF2.3 NNLO - o, =0.118
1.3 ——
8 NNPDF23NNLO
------ ABM11 NNLO

T

-
N

------ HERAPDF1.5 NNLO

—_
i
- O,

-
=
o O

luon - Gluon Luminosity

o
©
a

G 0.

i N MNP Y N
102 M, 10°

LHC 8 TeV - Ratio to NNPDF2.3 NNLO - 0,,=0.118

B nNPDF23NNLO

------ ABM11 NNLO

...... HERAPDF1.5 NNLO
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PDF: new inputs from LHC

- several new measurements available

CMS, L=4.7fb"at\s =7 TeV

T T T
% 0.25_—
£ (b) pT>3SGoV
£ L
> . ]
& o021 <+ Dam B
- | @%
©
c
O o.15}- —

NLO FEWZ + NLO PDF, 68% CL |
cTi0 —
[ NNPDF23
HERAPDF15
53 MsTW2008
{771 MSTW2008CPdeut
R RN
1.5 2
Muon nl

W charge asymmetry shows
discrepancies with old PDFs
Sensitivity to valence quarks in
10 < x <10"' range

R
o(W + c) [pb]

;1822:"[:].‘”“; e 0 y . nr'<o.=¢-1t'>"> " = .
GO ELmmin.  frooemet 2 giihiescies J Jets cross section:
E 102TE Setela” amwncos  12ewezitag  pr <800 GeV sensitive to gluon
S0 E-— 2303808 S 500 Gev sensitive to quark
Q10— T—— =
=) 1012 I —o— Tt -, —
© = — ——
1 09 il —— e -— T
f —_——— —
1 08 =— - ———— -
—d ——— —— - -
103:? * pr—— -.‘_’_
> JE e —_— W+c: sensitive to
10° __EE — strange quark sea
6 100 o = ==  ATLAS beyond DIS analyses
SE—— — — Different conclusions
cms o l|.=l5.on>l"at\'l§="n'ev
Total uncertainty P >25GeV, W™ <25 ATLAS I
Statistical uncertainty p'T >25GeV, nl<21 Ldt = 4.6 fb-i
Predictions: cms 2011 Vs=7TeV
NLO MOFM + NNLO PDF 1077 %33 (staty 6 (syst) p
- ?ﬁ%oiw ( suppressed s(x)) 'S
eCT10 ( part. suppresseds(x)) +—e—
100977 pb
Data
v NNPDF23 ¥
99.4:+42 pb( suppressed s(x) ) —33.6=09=1.
Stat
A NNPDF23 i i
129.9 =+ 15.1 3‘.» (symmetric s(x) ) | Stat+syst
1 1
o 50 1 0 10 20

aMC@NLO

m CT10

A MSTW2008

v NNPDF2.3

O HERAPDF1.5
O ATLAS-epWZ12
4 NNPDF2.3coll

40

50

60 70
o25SS pb]
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PDF: long(er) term wish list

- LHC is enlarging the range of processes which can be
studied (see PDF4LHC workshops)

- Gluon PDFs at small x still dominated by HERA, but useful
. . . Correlation between PDFs and Cross-Section
contributions can come on a wide range —— :
- |Isolated photons, photons+jets: medium x gluons (QCD Y| sy o E
Compton scattering) i AN

- Vector bosons + jets (high p): small to medium x gluons (qg
dominating at p; > 100 GeV)

- Low mass Drell-Yan: small x gluons (if resummed calculations - U

available; LHCDb particularly sensitive in its acceptance) _
- tt production (known at NNLO): large x gluons (important for J
high mass BSM)

- Quark PDFs

- Ratios of Ws and Z at high p; : quark-antiquark separation (with
small uncertainties)

- High mass Drell-Yan: large x quarks (again high mass BSM
would benefit)

Correlation coefficient

NNPDF2.3 NNLO
e




The strong coupling constant

Basic input of global EW fits and many predictions

Eg H =» bb width E—i(:icca;ys | iol—u
State of the art: ag(M,) = 0.1185 + 0.0006 (PDG 2013) DIS o
Driven by lattice precision ;s;li?fﬂaﬁon ?
If O41ice ~ 0.0004 can experimental determinations follow? .
Hadronic machines: NNLO o(tt) is a powerful tool o "';fs(M‘;')“

CMS: 0.1178 +O'OO33_0_0032

Further improvements expected by LHC with NNLO predictions, but
hard to go below 1%

Still useful measurements at high Q?, complementary to the bulk of
determinations

The most promising approach: R=I"(Z=>» hadrons)/[ (Z=> Il) at
GigaZ@ILC (0.0004) / TeraZ@TLEP (0.0001)

With the Higgs mass known the parametric uncertainty on ag from R,
dominated by the experimental measurement

At TLEP also W branching ratios competitive
Other approaches at ~1%



s romwo2
PDF and a5 measurement potential from

LHeC

- ¢(60 GeV) colliding on LHC protons

- Very low x (10-6) and high x — Q? (> 0.3, ~ 10°) accessible, hot regions
where gluon PDF is unconstrained by HERA

Gluon distribution at @ = 1.9 GeV?

% 10 s - ; o s HERA I+LHeC
0 0
~ 107} =
0
lO‘r -
m »
103 oo . . ) ) .
= ,' Yo o e-06 le-05 0.0001 0.001 0.01 0.1
104 ©o )
D £ i ; . [
103} i “J'} « Large improvements expected in both the low
02 - b A and high x range
f M=10 :
; ~=-1)i + Complementary measurements would allow to
10 E . . .
disentangle all quark contributions
L 3 \e — 1 * 0dgfrom NC — CC measurements at 0.2%
107 . | 1  Theoretical NNNLO predictions
107 10 10° 10* 10? 10w? 1w uncertainty ~ 0.5%

J. Phys. G 39 075001 (2012)



Final remarks and hints for discussion

The utility of the W/Z precision measurements depends on
the scenario

If new physics directly discovered, they are a tool to characterize it

Otherwise they are a tool to probe regions kinematically inaccessible

m,, and sin?(6 ) have different sensitivities to oblique corrections
Boson couplings are sensitive to physics at high scales

Increasing both precision and energy allows to push sensitivity to new
physics at higher scales

VV scattering study is a must, especially after the Higgs discovery
The leptonic machines are preferable for the former, while
hadronic machines look winning on QGC/VBS

Hadronic machines require lots of ancillary QCD work to give

the best results, both theoretical and experimental
PDFs first of all
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BACKUP



QCD higher order corrections

Star;teP%f the art: multi-body NLO predictions merged and matched
wit

NNLO calculations are essential to reduce theoretical uncertainties
also in PDF analysis

Up to last year, only small number of processes relevant for PDFs
available at NNLO

Recent important progress was made on some key processes

NNLO inclusive jet production in the gluon-gluon channel has been completed (arxiv:
1310.3993), jet data essential in PDF fits for gluons and large-x quarks

In order to match the desired precision:
NNLO QCD 2 = 2(3) often needed
o(Higgs/W/Z) even NNNLO

At high energies EW and QCD corrections comparable, NLO EW needed: how to
combine?

high p; regions make predictions sensitive to EW already at 14 TeV

High jet multiplicities requires both NLO accuracies and higher order resummation
Geneva approach

NNLO + PS?
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FCC-hh possibilities

Coupling evolution in Drell Yan:
effect of New Physics

L] - ,
) see R. Tenchini’s talk
CMS pp - pp BSM
7TV [5/fb]
My = 100 GeV
BBSM i
S / !
) : \
P e * GAUGE COUPLINGS AT A HADRON MACHINE
Drell-Yan: clean final state, sensitive to a1,2 (and deviations therein)
e —_. FEWZ, NNLO CT10+LO EW —
o 1

1/c, doldm [GeV'']
R M B M B
| /
o o
" B
&
—

Jamison Galloway = 05| ]
I
Workshop on Physics at a 100TeV Collider | vb—/ ° 30 €0 202 800 [G;\?]oo
SLAC: April 23-25,2014 I —

ATLAS 7 TeV DY (e*e”) ,Q =275 GeV

High energy regime allows to push
studies in the far tails of distributions B |
a;veﬁbin "os
e

00 05 10 15 20 25
y/ay(mz) |

)
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sin2(8..;) @ LHeC

Scale dependence of sin20,,

» Preliminary sketch

0.245 —rrrrm

Qu(e)

I

T

0.235 -
0.23

0.225 =

1

Qw (APV)

LHeC/FCC-he

- Sensitivity from:

Energy range 10-2000 GeV

— oNC/coCC at lower Q2

NuTeV

FCC-he

0.0001

0.001 0.01 0.1 1 10

Monica D'Onofrio, CSN1, La Biodola

100 1000 10000
Q [Gev]

5/2

See M. d’Onofio’s talk

F. Cossutti

Electroweak Physics in ep (ll)

37

Polarisation Asymmetry A-(Q)
NC-to-CC Ratio R- for P=+0.8

Measure weak mixing angle
redundantly with very

high precision of about 0.0001
as a function of the scale.

1% OMy,p is about 6 = 0.0001

PDF uncertainty comes in at
second order and ep provides
very precise PDFs

mlﬂgg- (Gev)

LHeC

SLD®A) —e—

LEP (A2 —
MESA ———

ATLAS A ) — —

Projected Average ——

100

Monica D'Onofrio, CSN1, La Biodola

5/22/2014
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qem I\/IZ

Hadronic contribution to a,,,(M,) (Adler function)

from e*e" for global fits

e*e data into hadrons: current and future activities

e éhbar/'ag@ez(:ms

e=zm QCD

= go2m
o] v mmEo
2 wD

!
!
I
] 4

1R E11?

— BROT0

NI IATITAN S ANAT TN VAT SrSre SOTRrir A

o
0.0 1.0 20 3.1 a9.5 13.GeV
2 5 _
8?Aal®y 14(-8p)
O BES m Crystal Ball
Energy range Aa'®), [%](error) x 101 rel. err. abs. err. & B == exclusive data T 4 PLUTO
P,(IJ(E<2MK) 32.45 509(018) 0.6 % 7.2%] olle!\‘a vrame=b o v b b by b v b v b ey
[ oMy < E < 2 GeV 13.90 [ 21.8](0.56)  4.1%  68.7% Oliw B N U — 43 5
3GV < E <M, 6.06 [05](025)  42% 138 % 00 p ~1% s (GeV) ete c.m. energy
My, < E < My 1004 [15.7)(0.22) 22% 102 % S e L
My < E < Ecut 0.44 [0.7(0.02) 51% 01% Possible Upgrade in energy of DAFNE
I - o Eewt < E pQCD 0.90 [1.4](0.00) 00%  00%
I PP E < Ecu data 62.89 [ 98.6](0.68)  1.1% 100.0% Impact of DAFNE-2 on exclusive channels in
R TR S e R total 63.79 [100.0](0.68)  1.1% 100.0 %

E G

the range [1-2.5] GeV with a scan (Statistics only)
D. Babsuci et al, arXiv:1007.521

) a2y = . TN T
Aay,y(M7)=0.027498+0.000135 g 10° . ete—3n e * Published BaBar results:89 fb’ (ISR)
€10 :‘::.':.:‘ kit s <BaBar” x 10 (890 fb))
Courtesy of F. Jegerlehner PR e “Wd@ o DAFNE-2 energy scan: 20 pb'/point
1E 700 Cl1 e @ L= 10 em? 51, 25 MeV bin
S ERS RS CRR TR R F *Js%éeV) = 1 year data-taking
H g‘i . e*e —212K 3 g.
[ P vee e Shestgraantetetet, e, F 20 pb™' - sdays] 2
See G. Venanzoni’s talk FI0 Lt DAFNEZ i
W i
g 16 18 2 22 24 &
3 (GeV) g
g
Basic input for theoretical predictions g
both for EW global fit and muon g-2 - R E U R E R R Y R PO

5 (GeV) s ©eV)
DAFNE-2 is statistically equivalent to 5+10 ab™" (Super)B-factory



