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Main background : QCD production
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EW / QCD ratio (sherpa1.1)
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Clean experimental signature

e 2 fwd jets
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Standard Model Production Cross Section Measurements

Status: July 2019
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Compilation of current publications

\'S Luminosity /fb Channel arXiv[hep-ex]
ATLAS 7/ TeV 4.7 Wjj

8 TeV 20.2 Zjj 1401.7610

Wij 1703.04362

13 TeV 3.2 Zij 1709.10264
CMS 7/ TeV

8 TeV 19.3 Wij 1607.06975

13 TeV 35.9 Zjj 1712.09814

Corinne Goy, Ultimate precision at hadron colliders, Paris, 03/12/2019
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VBF - aTGC (sz)

3 CP conserving parameters : cWWW,cW,cB
2 C or P violating parameters

Corinne Goy, Ultimate precision at hadron
03/12/2019 colliders, Paris, 03/12/2019
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Distributions used for aTGC

‘ lllustration of the main

systematic in the last bins
— . —

e Wjj : jet-linked variables
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PtZ
(Zjj)

Better sensitivity with
muons final states: end
point 1.2 TeV (900 GeV

with electrons)

NLO-EW corrections
sizeable at 1 TeV, but
decrease the expected
cross-sections
(conservative effect)
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aTGC via Inclusive Production

q q
Off Shell : W p
potentially
large g2 i
q q

On Shell :

smaller g2

CMS : Zjj

Table 2: One-dimensional limits on the ATGC EFT parameters at 95% CL.

Coupling constant | Expected 95% CL interval (TeV~2) | Observed 95% CL interval (TeV~2)

[—3.7,3.6]
[—12.6,14.7]

[—2.6,2.6]

cwww /A2
[—8.4,10.1]

o cw/A?

Complementary

Parameter  95% CI (expected) [TeV™7]  95% CI (observed) [TeV ™|

cw/ N [—2.3,3.4] [—2.2,2.7]
cwww/ A2 [—33.2,28.6] [—13.8,41.2]
op/A\? [—360,300] [—230,390]

sensitivity

03/12/2019 ) Paris, 03/12/2019
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Sensitivity of the VVjj search in pp collisions

Never observed before LHC (o ~ 1073 fb)

Wzjj 44]] Zyjj Wyijj
CMS 7Tev  ~1
(5.05/fb)
CMS 8 TeV 2.0 2.7
(19.7/fb) (19.7/b)
ATLAS 8 TeV 2.7 3.6
(20.3/fb)  (20.3/fb)
CMS 13 TeV 5.5 2.2 2.7 4.7
(35.9/fb)  (35.9/fb) (35.9/fb) (19.7/fb+
35.9/fh)
ATLAS 13 TeV 6.5 5.3 5.5 4.1
(36.1/fb)  (36.1/fb) (139/fb) (36.1/fb)

03/12/2019

Corinne Goy, Ultimate precision at hadron
colliders, Paris, 03/12/2019 15



ATLAS : ZZjj in 4l and 21 2v (139/fb)
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ATLAS-CONF-2019-033
Measured fiducial o [tb] Predicted fiducial o [fb]
CCCjy | 1.27 £ 0.12(stat) £ 0.02(theo) = 0.07(exp) £ 0.01(bkg) £ 0.03(lumi) | 1.14 £ 0.04(stat) + 0.20(theo)
CCvvjj | 1.22 £ 0.30(stat) £ 0.04(theo) = 0.06(exp) £ 0.16(bkg) £ 0.03(lumi) | 1.07 £ 0.01(stat) £ 0.12(theo)
Corinne Goy, Ultimate precision at hadron
03/12/2019 16
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VBS - aQGC

Described by dimension 8 operators

18 parameters
All H fields (S)
Mixing V & H fields (M)
All V fields (T)

Corinne Goy, Ultimate precision at hadron
03/12/2019 colliders, Paris, 03/12/2019
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Other variables

35.9 b (13 TeV)
T

C T T T T I T T T T I T T T T | T T T N -% | 1 1 1 1 I 1 T T 1 ID Iu T T T I i
WZjj —— ] S [ Amas S ] +Z[Pr ()]
a [ I 2 . < gl E-8TeV 203’ (a) . Maew ]
= __ - Menpromat __ ] L . Misid. fapions
g aor — . — [ fee -z
" B vy . % r (& f=8a0ory) -E::‘m:- ]
L [ aeo-wz ] o 15 &= Tot unc .
20— B ew-wz - I.ﬁ e =04, o=l
- [T e P 0 Py a Tov ] . ]
i [l Fy=92.F, =16 TeV* | 10k I
r C A F a8, F, =4 Tov* . r .
o ) saesyst ] i
& S {0 I I B === S 1
—T = =1 | JI. ] r = I__I :
8 ' 3 [ e
% lng\__#_+_4_-1\_ e \\ ﬂu 1 .E 3
8 ok 1 A O(W.Z) [rad]
0 500 1000 1500 2000
U WY TRERa\n
— S S I - CMS 3597 (13 TeV)
- C T T T T T T T m
ATLAS —+Data 1 ol -+ Data 1+ MT(WW)
(s=8TeV,202fb" M Z(vW)il EWK3 ~ 1 EW WW 7
. B Z(viyy QCD 3 2 .rqu 1
aQGC Region Bl W(ev)tjets S lof:;r;mp
Z(vwW)+ets = . |
------ fug/ A*=117 TeV?, = Tij;t)s I E L1 100 X Bkg. unc. ]
- FF : ]
B Wy+jets ]
; Tot. unc.
----- - 50 .
asead R
Re d u Ce d \\\\\\'\\\\\\\\\i\\\\\\\\\\\\\\:
0
phase- 400 500 600 200 400 500
¥
Space ErlGeVT m, (GeV)

colniiders, Paris, 057127 zu1y



M parameters

13 TeV sets better July 2019 Qe [

limits

Semi-leptonic
decays sets better

limits

| Positivity of
parameters not
exploited

Unitarity
methods
different (if any)

03/12/2019
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aC summary plots at: http://cern.ch/go/8ghC

Corinne Goy, Ultimate precision at hadron

colliders, Paris, 03/12/2019

aQGC Limits @95% C.L. [TeV*|

20



Unitarity

R Delgado, MBI, 2019

95% confidence level exclusion in [a4, as], WZ final state Page 5 of 15 759

f; /A4, from observation of pp — WEW= jjX

0.4f ATLAS, 8 TeV[8] CMS, 8 TeV[7]
oal VBFNLO (T-matrix) Eboli
, [—38,40]
[—960,960] < —» [—118,120]
& 02t [—33,32]

—-04F

-0.6}

— i ] Perez, Marco Sekulla, Dieter Zeppenfeld

e 05% C.L. / Eur. Phys. J. C (2018) 78:759 Genessis)

-0.8F i .
— Kink --- Total exclusion
1AM not constraining in this setup
_1—1 -08 -06 -04 -02 0 02 04 06 08 1

ay

Exclusion in [a4, a5], WZ final state at the LHC with /s = 8 TeV. Total overall exclusion region, .
Rafael L. Delgado EFT Validity and Unitarity for.... ..

A unique
prescription to

or clipping (scale) handle unitarity

would be useful !

Corinne Goy, Ultimate precision at hadron
03/12/2019 colliders, Paris, 03/12/2019
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HL-LHC : From first observations
to measurements
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VBS - The future
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Evolution of the experimental conditions

To cope with

Data rates

Detector occupation
And to maintain:

Trigger performance
Pile-Up jet rejection

Object performance
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Consequences for object reconstruction

Corinne Goy, Ultimate precision at haui v

03/12/2019 colliders, Paris, 03/12/2019

Poor resolution

Track 4.
reconstruction: for muons:
Electrons: 3. 4. Affects variables
Muons: 2.8 2.7 (4. with muon like MT
tagger)
PU rejection : Excellent in the tracker acceptance
3.—-4. 3.8 e
_ " ATLAS
o - Simulation
% 1__Singleu
X E-I-DTZW GeV (ITk)
o [ =p, =1GeV(Run-2)
N1 [ ——p_=10GeV (ITk)
Gain in acceptance (example) : [ o= 10 Gev (Run)
_1_-'—pTi100 GeV (ITk)
ATLAS: WZjj — 3¢v +18% (+25% ) 107 pr = 10062V Rund
CMS : 2Zjj — 4¢ +13%
102 T b Lo b b b b

true track n
24



Cross-sections:

oWZjj :

eZZjj : 8.5to 10.3%
o\W=W+jj : 4.5 to 6%

3 to 6%

77
CMS projection 3ab’ (14 TeV

)
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E il | T | T | T | T 1 | 1T | T T | T ,q_ -
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Corinne Goy, Ultimate precision at hadron
colliders, Paris, 03/12/2019



VBS - Systematics

Corinne Goy, Ultimate precision at hadron
03/12/2019 colliders, Paris, 03/12/2019
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Systematic on M;WZ

(potential variable for aQGC)
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o
T T LI | LI | I

o
[8)]
T

200 300 400 =400
mi¥Z [GeV]

mTWZ [GeV| 150 — 200 200 — 250 250 — 300 300 — 400 > 400
Aa%ﬁizjj [fb] 0.49 0.64 0.24 0.21 0.06
Relative Uncertainties [%)]

Statistics 24.7 19.3 31.0 33.6 63.1
All systematics 16.9 11.8 10.6 9.9 18.4
Luminosity 2.8 2.3 2.4 2.5 3.0
Total 29.9 22.6 32.7 35.0 65.7
Uncorrelated syst. 4.2 0.7 1.0 1.4 5.6
Electrons 1.5 1.4 2.0 2.3 3.0
Muons 1.8 1.9 2.2 2.3 3.5
Red. Background . 0.5 1.9 5.5
Pileup 1.4 0.8 0.9 0.8 1.4

Corinne Goy, Ultimate precision at hadron
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Ap(W,2)

Ap(W, Z) [rad] 0.0-06 06-12 12-18 18-25 25-3.15
Ao%ﬁ'izjj [fb] 0.30 0.37 0.28 0.40 0.32
Relative Uncertainties [%]

Statistics 26.6 23.8 28.3 23.7 27.9
All systematics 11.7 9.5 10.9 10.0 13.9
Luminosity 2.5 2.4 2.6 2.6 2.8
Total 29.1 25.6 30.3 25.7 31.2
Uncorrelated syst. 1.9 1.2 1.5 1.3 2.0
Electrons 1.6 1.4 1.5 1.5 1.6
Muons 2.1 2.0 1.9 1.8 1.9
Jets 7.4 6.5 6.0 5.2 7.1
Red. Background 4.3 2.9 2.7 2.2 4.5
Irred. Background 6.1 4.7 7.3 7.0 9.9
Pileup 2.0 0.9 0.9 0.5 0.5

. ATLAS \s =13 TeV, 36.1 fb™

B ® Data
—— Sherpa

Ac™ /A §(W,2) [fbo/rad]

—h
()

%
[
i

Ratio to Sherpa

A 0(W,2) [radl
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Dominant systematics
 Th. Modelli
. QCg biclzfr;r%und/pR WF (20 -30% -mmm

, LO generator ) Statistic : 3000/fb
. Controlled. by CR region | < 2% 1% ~49%,
e Extrapolation under the signal )
region Current th. systematics
¥ 'Er;/t\;frf?renlce EW/QCD EWjj  4.8%  3.1%  1-10%
. signa . o o o
e NLO-QCD / NLO-EW larger in the QCDhj) — 2.9% 10% +
tails 10%
e Unfolding (8822)
 Depending of the distribution: Intf 1.9% 1.0%
~ 5-10% WZ 3.3%
e Pile Up Mainly LO order event generators

e Run2: <u>=35 to 200 but
mitigating by extended tracker

e Especially channels with a photon
(wrong vertex association )

e Jet Energy Scale
Corinne Goy, Ultimate precision at hadron

03/12/2019 colliders, Paris, 03/12/2019 29



Jet Energy Scale prospects

Optimisic

0.1 T T T T T T T T T T T T T T T T 0.1 T T T T T Trr T T T T L) T 7T T
= T T > I I
I= - Projection from Run 2 data ATLAS Preliminary = - Projection from Run 2 data ATLAS Preliminary
£ [ anti-k, R = 0.4, EM+JES ] 2 " anti-k, R = 0.4, EM+JES ]
ui] — [10] —
S 0.08-N=00 [ HL-LHC uncertainty, baseline - S 0.08-n=00 [ HL-LHC uncertainty, optimistic -
= i [ ] Run 2 uncertainty i = i [ 1 Run 2 uncertainty i
" i — Absolute in situ JES | o _ — Absolute in situ JES ]
= 006 ---- Flav. composition, inclusive jets — = 0.06 ---- Flav. composition, inclusive jets 1
™ - woen Flaw. response, inclusive jets . o » wene Flav. response, inclusive jets -
_5 =+ Pileup — E -+ Pileup —
o 7 o r 7
@ 0.04+ — « 004 —
L * B L. ,
] P b=
0.02 0.02- [
o ]
L 1 P el el T 1Y PP U ooy ey T S S i ) oL 1 N o e g e A AR AR AR KL B AR a e = :-----_-
20 30 40 102 2x10? 10°  2x10° 20 30 40 10 2x10° 10°  2x10°
pr [GeV] P [GeV]

(ATL-PHYS-PU B-2019-005J

Corinne Goy, Ultimate precision at hadron
03/12/2019 colliders, Paris, 03/12/2019



Guidance

* In the choice of variables / diff. distributions

e Likely to be less affected by Higher Orders corrections
QCD & EW

* |n conjunction with experimental systematics:
e Unfolding
e PU sensitivity
* JES sensitivity

* Treatment of systematics linked to usage of MVA ?



10° —— SM: full unpolarized
= —— SM: Z longitudinal
= —— SM: Z transverse
------ NoH: full unpolarized
107 & -=---- NoH: Z longitudinal
= = e e - MNoH: £ transverse
L C
g -
& L
e &
=10 " |
E =
= -
o I e e TV
T [ e — il P
2107

arXiv: 1710.09339 & arXiv: 1907.04722
A. Ballestrero, E. Maina, G. Pellicioli

TR ST S T N T R S S S SR N [
800 1000 1200 1400 1600 1800 2000

M., (GeV)

VBS - polarized states

VxVx ->VxVx Potentially 81 combinations of cross-sections
X=L,R,0
T =L+R, L/0 longitudinal

| - 1

200

400

1

600
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COSO*: one of the most sensitive variable to the
polarization of individual boson

1 dow=z 3

3 3
= fL(1 Fcosbpw)? + = fr(l £cosOpw)> + = fosin® Op w
owzz dcosOpw 8 ’ 8 , 4 |

No cut on the individual leptons, boson rest frame

.I'szl“IF]lﬁ I.‘Iqj-zll LI I LI L LLL LI | LI LI LI
% B —— Puwhempﬂhia -
@ B — fit (y*/ndf = 35.5/18) i
O 10E — f0 (0.209 + 0.002) ]
r — fL {0.472 £ 0.001) 1
i . — fR (0.319 £ 0.001 T
Coordinate Systems : of S o) E
e Collins-Soper, i ]
e Helicity, b ]
e Mod-Helicity 4F 3
2 -
D_ Ll |

IIIIIIII IIIIII|III 1
-1 08060402 0 02 04 06 08 1
c ms{ﬁm)w

CONIUEIS, FdIIS, U3/ 1L/ LULY
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VBS : event variables

Sensitive to the polarization of the final state

boson. ~.  EMS Phase:2 Simulation Preliminary____ (13 TeY)
;fé 0.7 —

£ £ —LL (00 -

5, 08 -

s = o :

> 5 —

g £ IT :

g 04— l

2 "L m;>1100 GeV :

Example : A(pjj S osf —1 -
0.23— —f

0.13— —f

= | | i | | .

D 1 1 1 1 : 1 1 | 1 1 | 1 1 | 1 1 1 1 1 1 1 | 1
CERN-LPCC-2018-03 0 05 1 1.5 2 2.5 3
Standard Model Physics at AO.
HL-LHC and HE-LCH Corinne Goy, - J
3/12/3B% colliders, Paris, 03/12/2019 34




VBS : several variables mentioned in
literature

Linked to the jet system Linked to the final state
bosons

* Anjj

* ARjj = NAnjj +A@j o, L=l
. M
JJ ° pTIep ﬁgr* ‘i;ji}
08 hp =
: *Xph TR T B

CERN-LPCC-2018-03
Standard Model Physics at the HL-LHC
and HE-LCH
CERN-THESIS-2015-039, C. Bittrich
arXiv: 1710.09339 & arXiv:
1907.04722 A. Ballestrero, E.

aina, G. Pellicioli rinne Goy, Ultimate precision at hadron
03/12/20% colliders, Paris, 03/12/2019
0
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Templates :

Reweighting method

Longitudinal, Left and Right
fractions are determined with an
analytic fit in bins of pT(V) and V,,
in total phase-space

+
108 WZ
L 12 LI | rTT | | T T 1T T T T TTTT I_ T T | T TT T TT T T
T B - Pawheg+Pygh|ﬂ ]
] . — fit (y¥/ndf = 35.5/18) ’
3 10 — 0 (0.209 £ 0.002) _
5 — fL (0.472 +0.001) -
- — R (0.319  0.001) §
o| g fL-fR (0.152 = 0.001) 7
o L -
© - ]
Ql _
("] B
m - —
pL . ]
L | 4 -
Ql T ]
= L _
Ll 2- -
0 ' -

Ll III|III|III IIIIIIIlIII bl
-1 08060402 0 02 04 06 08 1

03/12/2019 cos(B:p), r

G [fb]

CMS Collaboration, Phys. Rev. Lett. 107
(2011) 021802, [1104.3829].

ATLAS Collaboration,, Eur. Phys.

J. C72(2012) 2001, [1203.2165].

—>Weights per event to
create pure helicity state
templates propagated to
the reconstruction level in
the fiducial phase space

T T T T | T T T T
ATLAS Simulation

(a) 3
Whoson = ssssss Total phase space x 0.5 ]

-.W+Z events = Fiducial phase space —

o memm Fiducial longitudinal polarisation J
- CLLITY Fiducial transverse L polarisation —
T = Fiducial transverse R polarisation 3

aseds aseyd |elonpi4 I

05 0 05 r---. B
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4 )

* Fine binning & closure test
 Some effects like interference, off-shell incorporated
e Build in consistency

\_ J

Polarized M': shapes from Monte Carlo Polarized r}.nl shapes from Reweighting

0sf- — longitudinal W’ 03f —— longitudinal W’

n — left-handed W - — lef-handed W*

1115:— —— right-handed W eIsE —— right-handed W

EI-_- uf—l: :E-l]jf—
: u.'ls;:I i :uaz
u.'lf— :uf—
"ﬂﬁf— 005 E—
[ | _:r

| N TN N [ [N N Y [ N N N Y N N | L1l
8 3 10 3 4 5 E T & 3 10

A
Discrepancy is lost or largely
\ attenuated 37

arXiv: 1710.09339 & arXiv: 1907.04722
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Templates : generation of separate

|

distributionsL,R, 0 .
e Phantom / Madgraph N fjr

=M =L|:;"_'_'_;_—I-EL

]
b

. iaf [ S
* LO generation ¥ S res N0 oeP e
* INTF in presence of lepton cut : . S

3 states do not sumup to full  «

EM, REE MO OEF fight
&M, L REE FOL

0 L]
Few % discrepancy 5 }E
0 T 1 T T T T T T T T T T T T T T O A I
-1 -0B -0& -04 -032 i} 02 04 0E 08 1
Ccosé
v =18 - 1
unpolarized (full) — — EM PULL unpal.
0.35 longit. (OSP res.) 0.35 = EM, REE WO GEF unpo
Igﬂhgc()gglges.)} ———— EM, REE MO OEF kongk
— Tig] res. _— F
0.3 sum of polarized (OSP res.) 0.3 oy Eoe ho IRt

do /do_ (pb)
o
° i
N [4,]
dp " (phiGeV)
(=] (=]
el T
&n P &

0.15 f— E ]

E o —_— e mr————r— 0.1
01—

- 0.05

0.05 [t T,
:| e e e e e e ey | u{| —— : 1u{| EE— Em e SEH] ‘u{l Enu
3 -2 —1 ,4\0 1 2 3 P [ZaV)

arXiv: 1710.09339 & arXiv: 1907.04722 e precision at hadron

A. Ballestrero, E. Maina, G. Pellicioli colliders, Paris, 03/12/2019
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ssWWijj: WEWE — [Eltyy

most promising channel

Helicity distributions obtained

with MadGraph+DECAY
00 fraction: 6—7%

00 contribution fitted

OT + TT fixed

-2 Simulation Preliminary (14 TeV)
I | [

3.5

2.5

(I T T T | T T T T | T T |
1600 ATLAS Simulation Preliming
1400 fs=14 TeV, 3000 fb’

= pp — WW, m > 1100 GeV

- EEEER WOWjj (EW) LL
1000 = T W'W'jj (EW) LT+TT
C I WWj (QCD)

- W Z+ZZ

1200

800

I
(9]
=
o

®
=
il
L)

[ Jets faking electrons

I Tribosons
[_1 Cther non-prompt

600

400

200

CERN-LPCC-2018-03 l

(=]
(=]
o
j—y
j—y
(4]
3]

2.5

|

L)

Expected significance(c)

1.5

_| T T T | T T T | T T T | T T T | T T T | I _IO
1=
-

with YR18 syst uncert

Combination

Evidence for LL fraction :
CMS: 2.70
ATLAS : 1.8 ¢ (3.0 o stat)

1

1A o))l

1000 2000 3000 4000 5000 6000

1

Luminosity(fb™)
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CMS Phase-2 Simulation Preliminary (14 TeV) CMS Phase-2 Simulation Preliminary (14 TeV)
C —VBS sig 3 —VBS sig

e 5
[ < 012 — VBS bkg o Y — VBS bkg
P 99ZZz 99ZZ
[].1_ —qqis —qqZZ

Z2Z—>41 o

0.04F

0.02f
0=——%50 1000 1500 2000 2500 . ~8
2.2;,2.2; e
CMS Phase-2 Simulation Preliminary (14 TeV) CMS Phase-2 Simulation Preliminary (14 TeV)
; E —/BS =ig =5 F —VBS sig
components o 0.045E —VBS bk ; 0.06F —vBS bk
p © 0,045 . g (o] 0055 AL et g
: E —ggZZ Mo —qgZZ
considered as an 0.035¢ :
003 0.04F | i
additional 0.025F 0.03F ]
0.02 : -
[ = o |_
background in a . . i
0.01E oot 1 b
: 0.005F s P H
BDT with added i A . -

b ) g e
variables oSt (2) nt
(" CERN-LPCC-2018-03 J

—

e (1) acceptance ] coverage significance
n| < 2.5(2.4) 1.22¢0

| < 3.0(2.8) 1.38¢
7| < 4.0(2.8) 1.430
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Fit of all contributions : more problematic

[ ATL-PHYS-PUB-2018-023 )

C’ 200FATL'AS | Simulation F’rellmlnary e wzew' S
5 180_#‘ 14 TeV, 3000 fo ' <p==200 =$ﬁ e
" 160F AR
140F e
120F
100 -

80
60
40
20

ID—'I -08-06-04-02 0 02 04 06 08 1

*
cos GZ

FO0)

—

-log A

WZjj
4 contributions :

TT,TO& 0T, 00
(+ T bkg only)

ssWWijj

2 0.06F
0.05F

0.04f,

* Regression NN to
approximate cos6*
from 14 kinematic0.8

0.03F variables . 0.6
G_mi * 3components: 4,
0.01: TT,00,0T 0.
ﬂ:‘ = wulll| | 1 | | | = ) o 2D
-1 -0.8§-06-04-02 0 02 04 06 08 1 0

O

( arXiv:1510.01691 J Searcy et al
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colliders, Paris, 03/12/2019
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Observations e

L- I I
5 ‘:_;
™o

» Studies on VV — V0V, e

e Polarisation of initial state :

e Does jet-linked variable access instead initial state
polarisation ?

e Access to Initial state polarization in MC ?

e Exploiting semi-leptonic decays
e tagging jet-linked variables
e |cosO*|
* Polarisation
e End of run3 (300/fb) : promising 16 in sSWW
e Multi-variate analysis not fully exploited ( Meng Lu et al )
6

1812.07591 /1908.0519




27 TEV : would be promising

. process V8=14TeV VS§=27TeV
| Cross-section | - -
Wt wtj 2.33fb 8.65 b g—
WHWHji (|Ay;|>2.4) 2.49 fb 9.1 b § 5
X 4 w' zj 0.82 fb 3.16 b P 1=
ZZjj 0.11 fb 0.44 fb 7
]
aQGC : 14 TeV 27 TeV
WZzZji | W Wi | WZjj WW=jj
fs, /A [-8.8] [-6.6] [-1.5,1.5] [-1.5.1.5]
Limits fo /AY | [-18,18] [-16.16] [-3.3] [-2.5.2.5]
improved by a fr, /A" | [076,0.76] | [0.60.6] | [-0.04,0.04] | [-0.027.0.027]
factor 5-10 fr,/ Al [-0.50,0.50] | [0.4.04] | [-0.03,0.03] | [-0.016,0.016]
fa,/AY | [-3838] | [4.04.0] | [0505] | [-0.28.0.28]
far, /A" | [-5050] | [-1212] | [-0.808] | [-0.90.0.90]

‘ Polarisation NB 1 param fit
significance VBS Z; Z fraction uncertainty (%)
w/ syst. uncert. w/osyst. uncert. w/ syst. uncert. w/o syst. uncert.)
HL-LHC l4c l4c 75% 75%
DE-LHC 5.2¢c 5.70 20% 19%

(CERN-LPCC-2018-03 ) colliders, Paris, 03/12/2019




Conclusion

* VBFZ& W

e Will be well measured at the end of Run3
e aTGC limits complementary to those with inclusive VV

* VBS will enter an interesting phase with HL-LHC
e Tot cross-section: few %
e Polarization VoV, : 1-3 6/ exp
e Polarisation not useful for aTGC

e Lep heritage: only for CP violating parameter
e foraQGC?

* Benefice of combination CMS/ATLAS
e Experimental syst (JES) not correlated

e But th. modelling is a concern



03/12/2019

BACKUP

Corinne Goy, Ultimate precision at hadron
colliders, Paris, 03/12/2019

45



Other EW diagrams partly included in the signal

Corinne Goy, Ultimate precision at hadron
03/12/2019 colliders, Paris, 03/12/2019
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alGC

Change of paradigm from LEP & Run
| description

Effective field theory description
Low energy theory

H Milder @ MBI
R Aggleton @ MBI

C
MWV igy (Wl WRVY = WIV,WR) sy W,V
JGwWwWVv
Ay .
o W Wh VP — g WIW,(0*VY + 8 V)

+ g e (WS W)V + ity WEW, VA
+ ?AV W’r wH Ve
miy

_£SM+Z 606+Z Og+

¢ ®

Corinne Goy, Ultimate precision at hadron
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aTGC via Inclusive Production

Off Shell :

potentially
large g2

03/12/2019

~

=

Corinne Goy, |
collidel

Events / 10 GeV

Data / MC
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— T T
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Misid. leptons
77
ft+V
Il Others
=== Tot. unc.

e
(¢',f=eorp) 3

On Shell :

smaller g2

End point :

~ % TeV
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RED is CMS ; BLUE is ATLAS

May 2019
CcMS —
Channel Limits [ Ldt s
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4
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—
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Positivity

03/12/2019

Not used

yet |

1D case: individual limits

Jan 2019 =

Sk B R

Corinne Goy, Ultimate precision at hadron
colliders, Paris, 03/12/2019
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Evolution of the experimental conditions

* Luminosity To cope with

Peak: 5-7.510%* cm2s1 Data rates
Agi diat Detector occupation [ N
* Aging — radiation e = Upgrade of detectors
And to maintain:
damages . Hardness
quger p-erfor-manjce Granularity
Pile-Up jet rejection \_ )

Object performance

600 L L I L L L O L L O B A

ATLAS Online, 13 TeV ILdt=146.9 fo !

2015: <u>=13.4
2016: <u> = 25.1
2017: <u>=37.8
2018: <u> = 36.1
Total: <p> = 33.7

~130 vertices

500

400

BEAMO

300

200

Recorded Luminosity [pb "70.1]

B2 ELig

100
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Corinne Goy, Ultimate precision at hadron
03/12/2019 colliders, Paris, 03/12/2019 51



—_
o
Lon

—_
o
(5]

I IIrIIIIl T TTTTI
*
[.jl' i
:.-:' e

—_
o
]

Rejection of pileup jets

Trackingupto |n | <4

1

Track efficiency
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2 I ATLAS Simulation Preliminary ~ ===== Run-2, <p> =20 ]
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C ITk Layout " . 08— —
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— Pythia8 dijet 25<[n<38 & — 5 - s e R i s 3
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Timing detector : a new dimension

— 500 - CMS Simuiation preliminary 13 TeV
o = ATLAS S:mulat:on Prehmma }5 g 1; P
400 SR mEEERGD Linamn 273§ 09F tt event tracks
£ B00F-ii i i i si1 8 o8  PP09GevV
> = = 3 a 3
200F 3:—_ S5 075 e Phase-2,3Dvix,PU=140 ~
- = o - 4+ Phase-2, 3D vix, PU=200
100E- Ji S S 06F = Phase2,4Dvix,PU=140 ~
- = c o055 * Phase-2, 4D vix, PU=200
)= = & T
—100- =94 © E
= g: - 8 03: AA
_2005_ -E_E g 02;— . e ® " o=
-300E: R = z 013 - _"
_40qE - - - R o of ‘! w @ Evm Womav v TV
—qO -80 60 40 20 0 20 40 60 80 1C S 002040608 1 12141618 2
Vertex z [mm] = Density (events/mm)

ATLAS: 2.4< |n | <4.

CMS: 0<|n|<3.
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E F ATLAS Simulation Preliminary ] % F J'I_AS Simulation Preliminary ]
@ -1 -1
z C IS =14Tev, 3000 0" <y==200 ] C VS =14 TeV, 3000 ' <> =200
.525000_— . .EES{]DU C N
Q2 r —WEZ-EW =5 b P r —WEZ-EW = 3 b
L —WZ-acD ] c L —WZ-GCD ]
Ezuu{m_— Nz . Ezmau - Bz .
g I z 1 8 ¢k ¢ ]
15000 4 S1s000F -
10000F - 10000} - Rapport jaune,
- ] - ] Figure de Zeppenfeld
5000_...‘ -4 5000 .
G:Illll e 1 1 | IIII| 1 1 I: D-Illll V| IIIIII 1 11 III: Experimental effeCts
10? 10° 1o* 10° 10° 10° Resolution tracks ....
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Figure 27: Left: Integrated number of events above mf,,-z cutvs m{;-;,_ cut. Right: Integrated number of events above
mwz cut vs mwyz cut.
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Prospective - 4 methods

e Rare

* Experimental effects taken into account by parametrizations
based on detector performance studies with the full simulati

* The effect of the high pileup at the HL-LHC is incorporated b
overlaying pileup jets onto the hard-scatter events with 2%

efficiency
e Fast simulation using DELPHES

e Extrapolation from Run2 results -

e Scale of cross-sections
e Scale of acceptance for leptons

e Object performance using DELPHES

SD
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ssWWijj: WEWE — gty

e M8 Prese-? Simuefion Prelminary 3 a6 (14 Te)

% 5000:— — WWEWK)

. . S - —\{VW(QCD) .

e CMS : full simulation T t ]

. 40001 — WZ _

(except for jets at large eta) ; Wy :

and a cut-based selection 3000/~ |

* ATLAS : parametric ook E

simulation I 1

and a cut-based selection 1000 E— ]
e Main background is not 800 800 1000 1I20CI}I1I406I1I606I1I806I2IOOO

QCD mjj (GeV)

s/B T >
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e Parametric simulation

\

WZjj: WZ—>3ev

CMS

( Extrapolation from the
Run2 (2.2 o)
* Tight selection

 S/B=0.41

e WZ-QCD main
background, but not as

colliders, Paris, 03/12/2019

-

* Conservative bkg
approach, loose event Process ATLAS | CMS
selection

W23 — EW 3889 2757

" 5/B=011 WZ—QCD | 29754 | 3486

e WZjj-QCD : Phys. Lett B ttV 3145 -
793 (2019) has shown t/ 2221 —
that could be over tV/VVV — 1374
estimated by 40% in .
certain regions of the PS, Non prompt B 1192
(but within 2c.) 27 1970 -

e WSZjj-EW : Signal suffers VV — 308
from the color flow 7~ _ 206
feature in Sherpa /

(Sherpa/MadGraph =
\ 87%) /
Corinne Goy, Ultimate precision at hadron
03/12/2019

k dominant

~
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Wz—3¢ : polarization of the individual
boson W or Z

800

700

Events/0.1

600

500

400

300

200

100

0

-1 -08-06-04-02 0 02 04 06 08 1

7III\\H‘II\\‘\\II'\H\lll\l‘\ll\ll\\\\II\H\I
£ A+LAS Simulation Preliminary

Vs =14 TeV, 3000 fb" ,<u> =200

o WZ-EW B Lett
— Result of fit - Right

- WZ-t X

03/12/2019

— A LAS S||mula%|on Flrellmlnary

I wz-qeD+zz+ttv+tz B Lon.

[(e]

s =14 TeV, 3000 b, <u> = 200 =
E 1 ]

- log A(F0)

N oW b r,‘nﬂc» ~
|

1 7

S T N e b b 1 d
00 0.1 0.2 03 04 05 06 0.7 0.8 09 1

FO

3 parameters : Nsig, FO, FL-FR
Using 3 templates and bkg normalisation

. Syst on background normalization : 20-2.5% )

Simultaneous fit of 4 independent channels not
exploited : eeu, upe, ...

*
cos BZ
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WZ—3¢v : LL fraction

(14 lev)
. . . . © L ~me Breianfian ' — T
Helicity fractions obtained 9 3 g;ns I;Toqectlon B
) [ WZjj - 3v+j ]
with MadGraph+DECAY 5 | 1
LL fraction : 5% =0 1
(14 TeV) 2 |
= [ cms Phase-2 Simufation I o / -
012} Preliminary . 3
— T WZjj — 3iv+jj ] ']
= 01 - ) - .
+ - : 2 —e— Statistical Uncertainty
= g0 AR;e[25,5] - L Statistical and Systematic
: - — — Uncertainty 4
— 006 —_ 7 I ]
:— : L 1 L | L 1 L J 1 1 1 l 1
004 — . % 2000 4000 6000 1
0.0 T == AR <[5 6] AR; 26 1 Integrated Luminosity [fb™]
0: | | | | | | | | | .

0 7 7 > 0 7 7 > 0 7 7 >
5.1y 01580520 08 0. T8, 220 05, T, TS5 220

my [TeV] LL contribution extracted alone
TT & LT considered as a fixed additional

background in the Mijj vs Rjj plane
L : longitudinal/0

T : transverse (Left + Right)
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No HIGGS ! AL
E Xt re m e . Polarization fractions as functions of M,,, \ Polarization fractions as functions of M,
case
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Alternative method on the same line

do 3
odcosOd¢ 167

1 ,
[(l + cos® 9) + An§ (1-3 cos> 0) + Aj sin(20) cos ¢

1
-+ A2§ sin? 6 cos(2¢) + Az sinf cos ¢ + Ay cosf

+ As sin” 0sin(2¢) + Ag sin(20) sin ¢ + A7 sin 0 sin (,6] ,

Ai coefficients can be calculated as expectation values of
trigonometric functions :

- A0O=4-<10c0s20> & A4 =<4cosb>

And the polarization fractions expressed as :

+ 1 + + + 1 -+ + + 1 +
y :E(Q—A(I)V :FAEV ), EF :E(Q—AEV iAEiV ), (%}V :EA(I;V,

.1 o1, 1 o1, 1
fi = Z(Q—AferEAf), fi = ;1(2—1‘1'05— E‘Af)? &= §A§.

Computation in fiducial phase-space;
No template, borned functions

, _ B arXiv: 1810.1103
03/12/2019 Corinne Goy, Ultimate precision at hadron ] Bagllo & D.N Le

colliders, Paris, 03/12/2019
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Semi-leptonic — 27 TeV W%

variables,lepton

+ Mjj
b B T | T T I T T T I T T T | T T T I T T T T T T | |_ 2‘ T | T T T | T T T I T T T | T T T I T T I :
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Figure 9: Observed significance as a function of integrated luminosity (left) and expected cross-
section uncertainty (right) for the VBS Wy Wy, signal, assuming a 10% W; Wy, fraction predicted
by the MadGraph generator, in the (vgq channel at /s = 27 TeV. The solid and dashed lines
on the left shows the expected significance obtained by fitting to the total invariant mass of
the VBS system and the BDT output, respectively. The dot-dashed line shows the expected
significance from the combination of all the three semi-leptonic channels assumed to have
sensitivity similar to the fvgqg channel.
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