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INTRODUCTION/1

- Aims of this talk:

1- Try to give a comprehensive review of the possible improovement
on Electroweak and QCD measurement

2- Give hints and suggestions_to open a discussion

Focused on 14 TeV LHC 300 fb! and HL-LHC 3000 fb* luminosities
with also “numbers” for future collider: ILC, TLEP
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INTRODUCTION/ 2

Standard Model studies in 2 2014 as indirect search of new physics

Precision observables are important to characterize new physics...if any

 Electroweak:
- mW

- sin*(@' )
- Multi-boson production TGC & QGC
« QCD:

- PDF
- aS(MZZ)

- QCD high order corrections

« Summary and Hints for discussion
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Mass of the W Boson

Measuring M,

A precise measurement of M provides a crucial test on the SM predictions

Constrain on MHvia
EW fit.

Measurement M,, [MeV]

CDF-0/l _—o— 80432+ 79
D i——e—— 80478183
DBl (0w —e— 80402+ 43
CDFE-Il 228 .- 80387+ 19
DI wsw + 80369 + 26
Tevatron Run-0/1/11 -Q- 80387+ 16
LEP-2 —e— 80376+ 33
World Average . 80385+ 15

L n L i L n ]
80200 80400 80600
My, [MeV] March 2012

Final AMW Tevatron combined achievement: ~ 9 MeV

W boson mass MW measured from the transverse mass distribution of

the lepton pair m_(lv) or the transverse momentum of the charged
lepton or neutrino
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Need to understand QCD higher order
Correction and EW corrections.
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Correlation Coefficient

Correlation between M,, and PDFs, Q=M

PDF uncertainty @LHC of order 10 MeV (2xTevatron)

~ . T T T TTTI T T T TTTTIT T T T TTTTT T T T TTTTL]
- |— Gluon .
1:_ ~+Down NNPDF2.3 N,,,=1000 b To reduce PDF uncertainty in the M measurement from
_."_"_gﬁange Normalized Templates : m W ,new data constraining all quark flavors and gluons in the
051 / broadest possible x range are needed
oi""""""'_:;;_;.;m -_ e : NLO-QCD, normalized transverse mass distribution
5 o ] 80.415 MSTWS008 —s—
0.5 — NNPDF2.1 =t
L ] Nominal value — — —
_1_ Lol Lol Lol L] .
10* 10° 10% 10° 1 > 80.405
Q
_.-:"=.|' -
= 80.4 | } ]
A My [MeV] LHC ——= —— —— =
1:[ ﬂ)—l] 20 300 3000 80.39 TEV  LHC7W' LHC7W LHC14W* LHC14W"
PDF 10 13} 3
QED rad. 4 3 2 Unc. can be_ reduced to 5(3) .MeV (NNPDF2:3) if. N
descrepancies between sets is removed (Rojo, Vicini,
pr (W) model 2 1 1 2013)
other systematics | 10 D 3
W statistics 1 0.2 UA/ Reasonable ambition for LHC is a target
Total 15 ] z of 5 MeV in AMW as total precision
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Measuring sin’(6 )

! Forward

gt Define In hadron collider the forward-backward
gfproton ' Fomward-Backward asymmety. asymmetry (A_)) is measured and used to

st >0 /antiproton App = determine the sin*(@' )
yBackward 0f +0B -

et

Measuring sin*(@' ) at pp collider (LHC) ATLAS partially solves the problem
is difficult due to reduction/dilution of A__ using forward lepton (reduction of unc.)

ATLAS, e CC —— |

Musect | i ATLAS Preliminay o <
musy [ e j Ldtede @ ETTol CF electron : sin“ § = 0.2304 £ 0.0006(stat. ) £ 0.0010(syst.)

ATLAS combined el
CMS ——O——tr

ol Con Precision achieved is comparable to
coF | L Tevatron but not enough!

LEP Acg . TR
SLD, A { o
LEP+SLC - “ lI{) S T— Tension between the two most precise

e s measurements (LEP and SLD) to be solved

PDG Fit L0 |

0B iR 0m0aE 020245
sinze,‘j\'}f
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q/proton

Measuring sin’(6' )

! Forward

L

et

cosd’ >

0 q [antiproton

,Backward

Define
Forward-Backward asymmetry:

Measuring sin*(@' ) at pp collider (LHC)
is difficult due to reduction/dilution of A__

ATLAS, e CC
ATLAS, e CF
ATLAS, 1

ATLAS combined

— !

—o—

 ATLAS Preliminary

3

; 1001‘[0 T T T T T T T T T T T T T T T p—
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= | "—=— Data 2011 Preliminary |
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1 80— [ Zv*—ee —
- [ ] Other backgrounds .
B Multijets ]
60— ]
40 —
20— —
= == N JLJ |
g {II}M‘%— T *E
] 0.5 g
cose* ]

ATLAS partially solves the problem
using forward lepton (reduction of unc.)

CMS

Do

CDF
LEP, A‘;ﬁ
SLD, A
LEP+SLC
PDG Fit

K

4
CF electron : sin” . = 0.2304 £ 0.0006(stat.) £ 0.0010(syst.)

022

LLIVODILVU LA

I T,
0.225

0.23

I B R
0.235

024 0245

sinZB,‘ﬁ

Precision achieved is comparable to
Tevatron but not enough!

“— Tension between the two most precise

measurements (LEP and SLD) to be solved
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Recent improvements introduced in CDF analysis.

- Event weighting technique, cancellation of acceptance errors and also reduces the arXiv:0911.2850
statistical errors by 20% (40% pp _collider).
- Momentum scale corrections, remove the bias in determination of muon momenta. arXiv:1208.3710
. Asin®6'; [107°] | ATLAS CMS | LHC/per experiment
In hadron collider measurment theory /3 [TeV] - - g . u
uncertainty improovement on PDF and QCD 1 | ‘ ‘
: L]~ 4.8 1.1 20 300 3000
correction of factor 7 and 2 are needed
PDF 70 130 35 25 10
Projection on LHC precision with expected higher order CO.H‘ 20 HO 20 10
improvements on PDFs and forward lepton tagging other systematics | 70 181 | 60 (35) 20 15
analysis show uncertaity comparable to LEP and statistical 40 200 20 5 2
SLD limits Total 108 319 | 75(57) 36 21
L e B L B L LN BRI R Prediction on the uncerteinties of
) - 68% and 95% CL fit contours sin’(6,) + 1o - 270!
oS, 80.44  wio M,, and sinz(BLH) measurements sin (e eff) for LHC/H L_LHC

P Present SM fit
Prospects for LHC
B Prospects for ILC/GigaZ

80.42
EWPOs fit results can test in deep
_— SM consistency

llIIIIJIIIII

80.4

Present measurement

ILC precision

IIIIIIIIIII|II|I||[|III|III

80.38 -
— . LHC/ILC fit results are obtaind assuming
80.36 =< SM prediction:
80.34 —
] M =4Mev —» 1MeV
80.32 ] theo -W2 | s 5
&) fitter|-.) 5, sin(@ )= 4.7x10> —» 10

L1 1 1 I L1 1 | I L1 1 1 | Ll 1 1 | L1 1 1 I Ll 1 1 I L1l 1 I | I I - I L1 1 1

30'03.231 0.2311 0.2312 0.2313 0.2314 0.2315 0.2316 0.2317 0.2318 0.2319

sin®(e.,,)
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What about LHCb ?

ATLAS/CMS and LHCb, AFB, Born, LHC 7 TeV

NNPDF2.{ —— ‘
04F  CTi0 LHCb
s MSTW ———

T T

g m
- Most sensitive to AFB < ol
asimmetry el ATLAS / CMS]
-0.2 Ji
- Less sensitive to PDF -
_04 _f 1 1 ! !
60 70 80 90 100 110 120
M, (GeV)
HORACE LO, ATLAS/CMS kinematics HORACE LO, LHCb kinematics
0.224 0.224
ATLAS / CMS . sin?@¢f LHCb sin2 Qeff;
0.2235 ! - 0.2235
0.223 - = 0.223
0.2225 | - % N‘% 0.2225 - { % %
MSTWO08 NNPDF2.1 METIE . e
STAT. 100 fb™ RIS A
0.222 0.222
NNPDF2.1
0.2215 0.2215
22/05/2014 Workshop LTS1 2014 - La Biodola 9



Measuring A*_ via A®H°

FB FB

Highest discrepancy in SM Global Fits
OLEP1 = 16x10™vs dtheo ~ 4x10*

pull value 2.5 0 =40 %o

No experiment measured it after LEP ! Define:

s-channel u-channel

AbLHC _ OF — 0B
FB — —_ |

OF +0B
JASEHC Y] LHC combined

experimentally: adapt A__ to LHC, where F/B defined event by \/— [TeV] 14 14
event in Z rest frame by the lepton angle wrt bjet axis L [fb_l] 400 3000

dilution due to bjet charge measurement PDF D 2

Simplified feasibility studies set an upper bound on both other systematics | 20 15
statistical and systematic uncertainties _ypp- Statistical <9 < 40
Total <97 <43

Open field of research both from experimatal 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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http://dx.doi.org/10.1016/j.physletb.2014.01.010
http://dx.doi.org/10.1016/j.physletb.2014.01.010

SUMMARY TABLE FOR
M, and sin*(9' )

Current measured values:
MW = 80.385 + 0.015 GeV

sin%(@'_)=(23153 + 16) x 10°°

SM predictions:

MW = 80.360 = 0.008 GeV
sin2(6'eff) = (23127 = 7.3) x 10

LHC LHC | ILC/GigaZ ILC ILC ILC | TLEP || SM prediction

Vs [TeV] 14 14 0.091 0161 0161 0.250 | 0.161 -
L[fb "] 300 3000 100 480 500 | 3000x4 -
AMy [MeV] 8 5 - 4.1-45 2329 |28 | <1.2 (3.0)
Asin®0%; [107°] | 36 21 1.3 - - - 0.3 6)

 LHC/HL-LHC precision measurements of M and sinz(e'eﬁ) limited by

uncertainty on PDFs and theoretical QCD predictions.
» Great improovement will come from Lepton collider: ILC, TLEP.
11
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QCD: Parton Distribution Functions

Hadron collider cross o Z
section computed in

b 10

e

1 1
/ dmlfa/A(ml,u%ﬂ)/ dy fb/B(-T:z:lﬁ?v {fd‘}f (ay) @EE,)
0

perturbative QCD at NLO

6=06 t0a 06 =+....
0 s as

—
S 10 8 [ Atlas and CMS (7 TeV) =
8 ] Atlas and OMS rapidity plateau . - e r.n}
~ 10 7 £ DO CentralePwd. Jete - / !
NG E=E3 CDF/DO Central Jets LHC -~
6 O H1 e
= I} ZEUS Pl o '

103 559 MeC

104 o E665

— SLAC
10° :

y= -~ =0

10 M= 10 GeV
10
1
=1
10 3
0”7 10°% 10° 10* 107 10? 107 1

JFO‘S(IJ’?Q) { ] (d(};t; (Oz 1“??,) T d&% (O‘S:P"??)) @E)Tl:? + ] d&cﬁ(%)@gﬁﬂ)

}+...

PDF of the proton are key ingredient to make
theoretical predictions at hadron colliders

PDF uncertainty is limiting factor for W/Z physics and
also for xsec H prediction at higher energies

' PDFs determined in DIS experiments can
i D

be used for precise predictions of the
production cross sections atppcolliders

BUT

Knowledge of the PDFs must be
improved using results from LHC
measurements
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PDFs: Status of the Art

Latest comparisons between recent NNLO PDFs at
the level of parton luminosities and cross section

For gg luminosity not so
good agreement in the
region of the EW scale
between GLOBAL PDF SET

 For gq luminosity quite
good agreement in the
region of the EW scale
between GLOBAL PDF SET

* Uncertainty blow up for
large-mass final states

22/05/2014

JHEP 1304, 125 (2013)

luon - Gluon Luminosi

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

[ NNPDF2.3 NNLO
------- CT10NNLO
------- MSTW2008 NNLO

AR L L T T U WA
10? M, 10°

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

[ NNPDF2.3 NNLO

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

GLOBAL PDF SET

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

I nnPDF2.3 NNLO

------ ABM11 NNLO

------ HERAPDF1.5 NNLO

102 M, 10°

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

T T
B NNPDF23 NNLO

% ------ ABM11 NNLO

------ HERAPDF1.5 NNLO

= &

L L Ll
102 M, 10°

OTHER PDF SET
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PDF constrain: jet production

Multijet production is the dominant high transverse momentum process at LHC

e e
o =
TT ] Tl

e
-

r a
-

- q

Subprocess Fraction

&
hy

- ALPGEN LHC 8 TeV

q

qQ

(-]

n

L}

n

Q n

[]

i L3
500

n

L}

b e
quark-gluon
scattering

7550 7

-
=60 F500
Pl (Gev)

—>

quark-quark
scattering

EPJC (201 3) 73 2509

» for pT <800 GeV, quark-gluon scattering is dominant
jet production sensitive to the gluon

« for pT > 800 GeV, quark-quark scattering is dominant
jet production sensitive to the quark

Data are found to be generally well described by theoretical
predictions, corrected for non-perturbative effects

Phys. Lett. B 718 (2013) 752

= 1 0% 1 . — 10" . .
@ 1()24 — Dﬂim _r““ 0.20 po’' ; g32?-f3;::-1§ - 10" - - — CM$ * Iyl <05 (= 107) —
(] = i JE= 275Te\..l' ® 0Bsly<12(x10) L] .1011 O DS Byl o 1.0 3 107 )
:a 1021___ 5 on-pary corr. ) anti-k. fl=04 a 1-:’?‘:} <2‘||:.>’11q:. — {D i "’5: T T\ - 1.0 << Byl =< 1.5 ( = 107 ) i3
= E a g:s:l{-:gaﬁ:;l?]j} = E s L = 5.0 fb™" O 1S<hl<Z0(x10") ]
%10135.&4__._ A6 Iyl =44 (= 107) = & L anﬁ_krﬂ=n‘? - 2.0 <yl <2.5 [ x 107 ) ]
= = - T [T e ]
g 12 :__.._ Y —— & e~ - -E’_ _--—-I-ﬂ'&'ﬂ" -u'_-'
o™ 10 - e—— —— e —— o — e -
o == —— —— E = _t"-l'-]-__.._' _.’-"-"-"ﬂ - T = -
109 pr—a— Qg — . = 1 Ua r-‘-_-'-*_.,ﬁ - .&“*’ﬁ "'"-l- R
o C —— —. — Qb - *_'-I:'-H '-'-..'t’t'l- ".‘b
10 = —_— —-—_-__. . - - | = . -.‘. ﬂq'-’n- -'- 3
10°E e ——__ | Dduble differentialee@rss-section "=~ Sy e, e
— e — —— i . N = =3 —a——
1E s A inza wide range of jettp_ - Ty ———
= E E,
1o == e | ANE L TR S .
== —_— m—
oF --:—— ATLAIS NNPDF2.1& NP Corr. | -
- 107 E i g o | il - i . — :
200 300 1000 O
30 40 10° 2x102pT [GeV] Jet pT (éE‘%
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PDF constrain: Asimmetry in W decay

pp — W+X

_ do/dy(W*) - do/dn(W")

&q@j@w . @gw )
_/\./\/“\ff\

p .'“ W\
X

‘qE%' o (b) p[>35 GeV y
@ o2 -~ Data BE
& CMS:
§ o~ 1 Comparison
with NLO
NLO FEWZ + NLO PDF, 68% CL | pred|Ct|0n
SiNete 1 using FEWZ 3.1
;gﬂrfvg;s 1 with PDF sets
9| MSTWEOOBCF’CIEUt .
T T
Muon Il

Disagreement between prediction
with MSTW2008 and data

22/05/2014

u

i,

* In pp collision W* is produced in
eccess respect W

- A(W) sensitive to valence quark distribution
via ptoduction: ud(ud)-> W*®

* LHC can contribute to understand PDF in
the 10° < x <10 range

ATLAS: Comparison of the measured asymmetry
with the NNLO predictions using different PDF sets

<— 0_35 C LI N R L L I N Y NN NN N L NN L B B L I N BN B B
L =#= Data 2010 (Vs =7 TeV) —} Stat. uncertainty
4 MSTWO8 Total uncertainty

i HERAPDF1.5
0.3 o ABKMOS

i
0.25[- o Y#-!xl “ M
T 7 :

0.2 i E

f L dt = 33-36 pb’’

ATLAS

0.15?‘?‘!" 5'3 9—?—

g g eliEs g gl ag g by i pllgig § il
0b 05 1 15 2 25
ml
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PDF constrain: W + ¢ production

- I g + \
s, d w s, d w
. -« AYAVAVAVAVAV,
T AC
V00000 > BOOV000 ——e
g c g C
o J W e - ol

* In pre-LHC PDF fits, strangeness

S(x,Q) mostly constrained from DIS
neutrino data

* W production in association with charm
quarks provide a clean probe of the
strange PDF at the LHC

Measured by ATLAS (arxiv:1402.6263) and CMS (arxiv:13101138)
with somewhat opposite (?) conclusions

CMS: s suppression in agreement with DIS data

L=

som at \is ?Te\.‘r

ATLAS: light quark sea symTetrlc preferred

0

™M ™ T EIE ] -
Total uncertainty p’a > 25 GeV, h}ml <25 ATLAS
Statistical uncertainty p >25GeV. nl<21 Ldt = 4.6 fb -1
Praiiclicns CMS 2011 fs=7TeV aMC@NLO
FEASICRONES.- 107.7 \3.3 (stat) + 6.9 (syst) pb - e
NLO MCFM + NNLO PDF o el ® CT10
W'C-jet
m MSTWO0S8
1007212 __pb ( suppressed s(x) ) g A MSTW2008
o CT10 ( part. suppressed s(x)) e ¥ NNPDF2.3
1009477  pb _— —C O HERAPDF1.5
NNPDF23
Y e e cuppressed SG ¥ —336209=18[pb] = O ATLAS-epWZ12
. Stat
A I\‘lzf\sl.zDiFSQSCo"Pb ( symmetric s(x)) . Stat+syst By A NNPDF2.3coll
1 | il L I 1 1 | l 11 1 | l L4 1 i l b 1 i l 1 i1 'l l i1 1 L l 1 1 1 i
50 100 150 70
S(W + ©) [pb] 0 10 20 40 50 3?25‘55 (ob]
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PDF constrain: Isolated photon production

0.8
0.7

0.5
0.4
0.3
0.2
0.1

0

parton subprocess fraction

e
0.9F

0.6F

. CT10 ABM11 5N 3
1.57 < 'l <2.37 T = E
— 3 vl E
du du B
6g g9

2102 w10 4x10°
E. [GeV]

Illlll lll.l]l

|

I-JII IIl'Il lll'll ]Il

ATLAS measurement of the cross section for

the production of isolated prompt photons as a

function of photons pseudorapidity and
transverse energy

22/05/2014

Data agree with NLO
prediction based on
CT10 and MSTW2008

Dominant prompt photons production
at LHC

q9—q Yy

Inclusive photon production cross
section can provide significant
constraints on the gluon distribution

Phys. Rev. D89,052004 (2014)

400 ————————————1————————r T
v —e— pata 2011 {5=7 TeV

Er>100 GeV —— PYTHIA (MRST 2007 LO")

s HERWIG (MRST 2007 LO*)

NLO (Jetphox) CT10
j Ldt= 4.6fb" == Total uncertainty

—— Scale uncertainty
=== NLO (Jetphox) MSTW2008nio |

300

200

do/ i’ [pb]
Il

-

100

o 1.2 " ) ' —
= | ;
s 'BEE= E
Q S = = ie T Py 3
g 0.8 P st s s e e s e [T [y ] —
= - 3

0] 0.5 1 1.5 2 2.5
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PDF: wWhat next?

A sort of whishlist for LHC/HL-LHC:

Traditional measurements:

sInclusive jets: data extending exp to higher pt with
smaller systematics

s/Inclusive W and Z production and asymmetries: quark-antiquark separation
(reducing uncertainties)

New LHC measurements:

s/solated photons and photon+jets: medium x gluon (QCD Compton
Scattering)

W production with charm: quantify impact in strangeness

Quantitative improovment on PDF from LHC future data difficult to ?
predict: exp. systematics, impact of pile-up at high luminosity... .
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Measuring @ (M)

a_is a fundmental parameters of QCD.

T T T T ‘ T T B | T T T T T I T T | T T T T T
H1 multijets at low Q*
EPJ C67 1 {2010)
H1+ZEUS (NC, CC, jets)

L . ™ HERA
6=0,T00 T g
Phys. Rew, Let. 88 (2002)
a is not observable and predicted mrsksees  TEVATRON
B P fen B s otz
Malaescu & Starovoitov (ATLAS incl. jets)
EPJ C72 2041 (2012)
Value is extracted from experimental measuremesnts I B s ATLAS
. . . arXiv 1304.7498(2013)
at colliders and from lattice QCD calculations: U 1 cross section
2 | S8 ey g scton CMS
C]f:s (MZ) — 0- 1 184 :E 0-0007 > . ggg%?ﬁ?u%i(zmz;
1 1 1 ‘ | 1 1 R ‘ 1 1 1 1 1 1 | 1 | 1 1 1 | ‘ 1 1
0.11 0.12 0.13 0.14 0.15
60-24_ T T T T T III| T T T T T IIII__ G’S(hﬂz)
~ 4 ATLAS 2010 N,, .
° 022} —* DQinclusive jet E ATLAS-CONF-2013-041
i —— D@ R, ]
0.2 —a— HA1 incIEsive jet m ] ) ) )
0.18 —+— ZEUS inclusive jet ] Ratios of inclusive three- to two-jet
- H * """" EE(’S ff’}f;;"gzﬂ average cross-sections as a function of the pTof
016 Hﬂ R E each jetin an event (N, )
0.14[ ™. 4 .
012 %ﬁi& . ZNjet doy. >3/dpr;
- Ai N ; et i Niet>3 PT,i
b all jets
o1 ad Naplpp )=
— ATLAS Preliminar 3 J€
0-087| 11 I| 1 1 1 1 1 Iylll 1 1 1 1 1 11| |7 Zi (dO-NjetZZ/de’i)
10 1072 10°
Q [GeV]
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Eur.Phys.J. C73 (2013) 2604 %, 22‘2“ GO R =0 18325
6_25 DO incllj;ivejeis é
CMS: Ratio between 3-jet and 2-jet omer ; ::langularcorrelatlon E
production as a function of the average p_ 0 162_ . ZElS E
0.14 £
1.-n:>3 . 0.12 ;— o Range covered by R,, —;
d(fnj— /(l <‘[)T1 -')) 0.1 il L 1 E
Ry ((prig) = s o 0,(Q) 20 N
PR G0n22 d (pr —
' 0.06L- 4 5w Enm] o e =

3
A o Q (Gev)

From SNOWMASS report:

At hadron collider (LHC/HL-LHC) it will be challenging to achieve < 1% relative uncertainty on a .

Among hadron collider measurements CMS Collaboration
best precision using tt cross section (2013), 1307.1907

BUT based on a full NNLO QCD calculation.

The improved precision from hadron collider data at relatively high-Q?is still important for the
robustness of as determinations, and testing the running of as and asymptotic freedom,
as the current world average of a_ is driven by low-Q? measurements.

< 1% and also 0.1% possible at lepton collider _ )
(ILC/TLEP) using diffferent methods — See Table in backup for details
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GCD: Higher—order corrections

-State of the art: multi-body NLO predictions merged and matched with PS

-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:

- 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
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EW: Multi=bosons production T&C & Q6&C

p
Gauge boson couplings: basic 3-gauge couplings: SM wtw— wtw-z
characteristics of a non-abelian theory anomalous 7y, ZZ~. 277 1
* In SM triple and quartic GC p
« Deviation from SM, i.e. anomalous d-gauge couplings: SM Zigig ";ﬁfﬂvﬁw}
couplings: new physics evidence ’

Y anomalous ZZyy

Analysis of multi-bosons production provides a stringent test of the SM

If the new physics scale is well above the energies

reached new interactions can be included in the EFFECTIVE FIELD
Lagrangian as higher-dimensional operators which are ) THEORY APPROACH
suppressed by the new physics scale A

> E

WWWW.BeW,&B

Leprr = Lsnu

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

theory
« Both TGC and QGC in dimension 6 operators, dimension 8 add genuine QGC
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T6C current status

I I I
f ST N LHC already improoved LEP & Tevatron
ATLAS g m
_ g results on neutral aTGC competitive on
ol . charged one
5 — CMS, N5 = 7TEV 7 e e e i e i
—i‘lgLfE&‘: AT
46 fb",‘ Ameo ’ i N . . .
2| TR ... e * A-type k-type couplings will benefit
4 === LEP {5 = 130-209 GeV == T O 'g}gﬁ#ﬁgm‘ ' 'm” ‘otl : A
075" 1o = from large statistics since sensitivity
— D0, {5 = 1.95TeV LEP Limit £ .. . .
Y 10 Ao 12TeV Ak, ' '/:Vvv D410-0480 451" is in the highest part of diboson
; | -0.380-0.290 5.0 b . .
f - i oz0-0m40n' | System energy,pT differential
(S 0.110-0.140 50" . . .
-I1 -0|.8 -0|.6 -d.4 -0 —o— \I;v(;/Combination -0.158 - 0.255 2.2&-1 distribution
e LEP Combination -0.099 - 0.066 0.7 fb” ] )
A - w, P ILC will be anyway more precise due
— ww -0.048 - 0.048 4.9 1" due to a cleaner environement
Fabio01s —H wv -0.038 - 0.030 5.0 fb”
LI N L B AL B B T FoA DO Combination  -0.036 - 0.044 8.6 fb’
. ;H/ g e .OI:P‘?"“’”"-"":"-'9'0’?97:'05”- 1 HL-LHC competitive with ILC800
K. =U. . _
’ Ly w aTGC Limits @95% C.L.
— wz -0.046 - 0.047 4.6 b 0.3/ab
— wv -0.038 - 0.030 5.0 fb"
oA DO Combination ~ -0.036 - 0.044 8.6 fb” Ag,® [-5,2] x102 3x103 2x103 1.8x10
fo LEP Combination -0.059 - 0.017 0.7 fb::
Ag] o W 0095 0,035 491" <, [-10,7]x10"  3x1072 1x10°2 1.9x104
— wz -0.057 - 0.093 46" 2
o DO Combination  -0.034 - 0.084 86 fb”!
R Cennatin -00¢4-0021 074 A, [-6,2]x102  9x10* 4x104 2.6x10+4
0.5 0 0.5 1 1.5
aTGC Limits @95% C.L.
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Limits on Q&C

¢ » Quartic Gauge Couplings arise in
W both triboson production or
diboson produciton + jets (via VBS)

At LHC bounds on anomalous quartic gauge
couplings from two-photon production ofa W™
W " pair at the reported by CMS

JHEP 1307, 116 (2013)

7/Z w w

q q q S q q

ATLAS sensitivity studies using the fully-leptonic decay modes of W *W *, WZ
and ZZ channels in the VBS mode as well as triboson in the Zyy channel

Increase of Luminosity crucial for gain in sensitivity

‘ fl -1 ‘ fl -1
Parameter | dimension | channel | Ayy [TeV] 300 b 3000 b
50 95% CL 5o 95% CL
cow /A2 6 77 1.9 34 TeV™2 | 20 TeV=2 | 16 TeV=2 | 9.3 TeV 2
fs.o/A? 8 WEW* 2.0 10 TeV= | 6.8 TeV™ | 4.5 TeV~* | 0.8 TeV—
le_l/A“i 8 Wz 3.7 1.3TeV™* [ 0.7 TeV* | 0.6 TeV~* | 0.3 TeV~*
frs/A 8 Zyy 12 0.9 TeV=* | 0.5 TeV=* | 04 TeV=* | 0.2 TeV~*
fro/A* 8 2y 13 2.0 TeV™* | 0.9 TeV™* | 0.7 TeV 4 | 0.3 TeV~*
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Limits on Q&C

q 1 q W
Z W
1/2 /2 w w
q q
+

/2

72

g q q 4 g
W 12z
w w

g q g q q

* Quartic Gauge Couplings arise in
both triboson production or
diboson produciton + jets (via VBS)

At LHC bounds on anomalous quartic gauge
couplings from two-photon production of a W™
W " pair at the reported by CMS

JHEP 1307, 116 (2013)

A6C In pp HE via VBS

Luminosity 14 TeV 33 TeV
Parameter ,
[fh1] bo 95% CL bo 95% CL
, , ' 16.2 (16.2 7 (9. 13.2 (13.2 2 (8.2
o A2 [TV 3000 6.2 (162) | 9.7(9.7) | 13.2(132) | 8.2(8.2)
300 313 (315) | 182 (183 23.8 (23.8) | 14.7 (14 7)
' 2.9 (4. 7(24 1.6 (1. 0(L3
| 300 5.5 (8.4) (5 3) | 2.8(23) (1 8)
fro /M [TV 3000 57(63) | 3.9(46) | 3.8(6.6) | 2.5(3.5)
300 87(9.0) | 62(6.7) | 6.3(10.1) | 4.2(82)
22/05/2014

Sensitivity increase from 14 to 33 TeV
~1.2 - 2 for dim-6 (WZ,2Z)

~ 12 for dim-8 (Zyy)

Tribosons look very sensitive to Vs

LHC better by 1-2 orders of
magnitude compared to
lepton colliders
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@6C via photon—photon

The ATLAS Forward Physics Project (AFP) and the
Precision Proton Spectrometer (PPS, CMS/TOTEM)

Final state can be yy, WW , ZZ — ideal to study

anomalous quartic gauge couplings (aQGC)

YYYY anomalous couplings
No constraints from collider experiments

Requirement of two intact protons + kinematics
constraints = strong background reduction

Lay = (| Fu FF Fou FP7 + () Fu FPF o F7H (dimension 8)

scattering

Forward region exp. ~ 200
m from I.P.

Luminosity 300 fb—! 300 fb— 300 fb—! 3000 fb—!
plle-up () 50 50 50 200
coupling > 1 conv. ~ > 1 conv. ~ all ~ all ~
(GeV %) 50 95% CL 95% CL 95% CL
¢y ff. 1.10~ 13 9.10~ " 5.10~ 2.5.10~ 4
¢q no f.f. 3.5.10°14 | 25.10°14 1.5.10—14 7-10—10
¢o ff. 25.10-9 | 1.5.10°13 1.10— 19 4.5.10—"
o No f.f. 7.5.10714 | 55.107 4 3.107 1.5.10714

22/05/2014

Workshop LTS1 2014 - La Biodola
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Summary & 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 sin2(eeﬁ) have different sensitivities to oblique corrections

Boson couplings are sensitive to physics at high scales

The higher the precision the higher the scale probed, in a sense
precision always wins (in a wide range)

Hadronic machines require lots of QCD work to give the best
results, both theoretical and experimental

PDFs first of all
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BACKUP SLIDES
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SUMMARY TABLE ON @ (')

Method

Current relative precision

Future relative precision

4

e"e” evt shapes

expt ~ 1% (LEP)

thry ~ 1-3% (NNLO+up to N°LL, n.p. signif.)

27

< 1% possible (ILC/TLEP)
~ 1% (control n.p. via Q*-dep.)

+

e’ e Jet rates

expt ~ 2% (LEP)
thry ~ 1% (NNLO, n.p. moderate)

28

< 1% possible (ILC/TLEP)

~ 0.5% (NLL missing)

precision KW

expt ~ 3% (Rz, LEP)
thry ~ 0.5% (N°LO, n.p. small)

929

0.1% (TLEP [10]), 0.5% (ILC |
~ 0.3% (NLO feasible, ~ 10 yrs)

11)

7 decays

expt ~ 0.5% (LEP, B-factories)

< 0.2% possible (ILC/TLEP)

thry ~ 2% (N°LO, n.p. small) 8] | ~ 1% (N'LO feasible, ~ 10 yrs)
ep colliders ~ 1-2% (pdf fit dependent) 3031, | 0.1% (LHeC + HERA 23|)
R (mostly theory, NNLO) 32/33] | ~ 0.5% (at least N*LO required)

, ~ 4% (Tev. jets), ~ 3% (LHC tt) < 1% challenging

hadron colliders . . T

(NLO jets, NNLO f#t, gluon uncert.) 17,2134} | (NNLO jets imminent |22))
lati; ~ 0.5% (Wilson loops, correlators, ...) ~ 0.3%
attice _ _

mmited by accuracy of pert. th. a0 H- ~ 0 YIS |9t

(limited by y of h.) 35H37| | (~ 5 yrs [38])
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A> i motivations and definition

http://dx.doi.org/10.1016/j.physletb.2014.01.010

* Highest discrepancy in SM Global Fits is in the bottom sector:

— pullvalue = (0, -O,_ o, .., PUll(A*° ) =2.5

meas) meas’

* Can LHC/hadronic colliders play a role?

— bottom-Z associated production, Z rest frame, b-jet reference axis

s-channel u-channel

— Definition makes it propoprtional (@ LO) to the LEP observable! Suggests connection
also between experimental strategies ...
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Measuring AP tHC

http://dx.doi.org/10.1016/j.physletb.2014.01.010

FB

Key ingredient is to adapt LEP exp. observables to new process/collider:
__ FB
(QrB) = ((-1)"" Qjet )

Then everything follows, e.g. non pure sample:

JAREHC 1% | LHC  combined
LH \/5 [TGV] 14 14
(Qrp) =Y 6T ALEC ry L [ 400 3000
f PDF 5 2
other systematics | 20 15
statistical <95 < 40
Total <97 < 43

r.flavour fractions, 6, mean charges

dilution due to 6, (jet charge measurement)

Simplified feasibility studies set an upper bound on both statistical and
systematic uncertainties

Open field of research both from experimental and theoretical points of view
(only LO prediction @ LHC)

22/05/2014 Workshop LTS1 2014 - La Biodola
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