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Differential measurements motivations

~ mainly for the making search analysis re-interpretable and

excluding certain models, e.g using CONTUR

- Improving the MC modelling in the extreme phase space, where
the large theoretical

uncertainties dominate the searches

- Why unfold three-lepton + missing transfers energy final states

- One example of re-interpretation:
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https://arxiv.org/pdf/2006.15157.pdf
https://arxiv.org/pdf/2104.03287.pdf
https://indico.cern.ch/event/1159184/contributions/4868312/attachments/2462545/4222216/sven.pdf

3 Leptons search (RPC)

- Chargino-neutralino pair production
o 1ntermediate WZ or Wh (SM Higgs)
> bino-like LSP, wino-like NSLP

- WZ (on-shell)

31 (e, u) + MET final state

- OSSF pair with mll €[75,105] GeV . 450 March2022 _ ATLAS Preliminary {s=13 TeV, 36.1-139 f6" Al limits at 95% CL
%) = = : Expected limits
© SR binning in jet-multiplicity, HT(scalar sum of Jet pT) . — Observed lmits
- HT > 200 GeV : at least one ISR jet, targeting the ] X %y Vi
compressed scenarios e
- SR binning in mT (W decay) & MET
o Wh/ WZ (off-shell) = wsnim
- SFOS pair with mj&[75,105] GeV %% via
IWW 0l 2l
- SR binning 1n jet-multiplicity, HT, mT & MET
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https://cds.cern.ch/record/2719521
https://arxiv.org/abs/2106.01676

3 Leptons Search (BKG Estimation)

> Diboson WZ.: (Sherpa MC sample)

> Dominant background, estimated using MC normalised
to data in the CRs with purity of > 80% and signal

contamination < 10% £ "L ATLAS | " e Dam zﬂ-;ts o
, o , , , D E (s=13TeV.139fb" 44 Total SM f =
> Due to the jet multiplicity mis-modelling, XS NF is jo¢ £ CRIVR™ E WZ tt4X _;
calculated in the given nJets/HT bin o = | . ks Others =
L . . . - g D
> 3 Validation regions (VRs) for the given nJets/HT bin - i_ — E
to validate the measured NF from related CR - — =
. 10 & -
o Lly+jets: = -
1 = | ] | | | | | _—
non_prompt lepton backgrOund, estlmated u81ng data_ .................................. ................. ................ ................ .............
driven method B 1| A I et NS | —
_ ttbar : grg ST 1 Egs S 1 ? % F
- Non-prompt lepton background, validated in the ttbar 5 & S ~ -7
dominated region, simulation well model top process
where the heavy flavour are mainly the source of the
taked lepton
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https://cds.cern.ch/record/2719521
https://arxiv.org/abs/2106.01676

3 Leptons Search (Results) § 10° = ATLAS Preliminary q
L

\s=13 TeV, 139 fb’ fiX

108 Others
- —- WZ(300,200)

o SRs targeting moderate mass splittings - —- WZ(600,100)
Am > 90 GeV

¢ High HT SR : highly compressed
mass spectra Am ~90 GeV

—
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SFOS pair DFOS

Significance
o

ATLAS Preliminary e Data I Higgs
{s=13 TeV, 139 fb” 4655 Total SM Z+jets
e wz Others

Events
| |||||I|| [

i -—- Wh(190,60)
W Triboson — — - Wh(200,25) SFOS:
Targeting Wh and WZ with mass splitting Am < 90 GeV
DFOS:

Strong signal sensitivity for Wh scenario, main
backgrounds from 7, VVV, and Higgs processes

Differential measurement of WZ production in the SFOS
region

Significance



https://cds.cern.ch/record/2719521
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WZ SM measurements (ATLAS)

- Published (36/tb) : paper (Link) & public results (link)
> The Powheg+Pythia MC prediction 1s used for the W=Z signal
contribution. It is scaled by a global factor of 1.18 to match the measured
inclusive W=7, cross section
> Measurement region:
- 3L (e, p)
> mT > 30 GeV to suppress non-prompt background

> No MET requirement
> Mll (mZ) €[81.2,101.2] GeV

Variable Total Fiducial inclusive
Lepton |n| — <25

pt of €z, pr of {w [GeV] — > 15, > 20

mz range [GeV] 66 — 116  |mz — m;”¢| < 10
my [GeV] — > 30

AR(;, ), AR(Ez, bw) ~— — > 0.2, > 0.3



https://link.springer.com/content/pdf/10.1140/epjc/s10052-019-7027-6.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-19/

WZ SM measurements (ATLAS)

© Published (36/1b) : paper (Link) & public results (link)

- Diftferential cross section 1n the fiducial phase space as a function of the

exclusive jet multiplicity of jets with p. > 25 GeV

- Differential measurement as function of reconstructed bosons (W, Z) pT
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https://link.springer.com/content/pdf/10.1140/epjc/s10052-019-7027-6.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-19/

WZ SM measurements (ATLAS)

- Published (36/1b) : paper (Link) & public results (link)
- Differential measurement as function of reconstructed bosons Agp (W, Z),

> It 1s assumed that the whole MET of each event arises from theneutrino

Ac™ /A mV? [fb/GeV]

Ratio to MATRIX

the transverse mass of the W*Z system

of the W boson decay
- Absolute difference between the rapidities of the Z boson and thecharged
lepton from the decay of the W boson
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https://link.springer.com/content/pdf/10.1140/epjc/s10052-019-7027-6.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-19/

WZ SM measurements (CMS)

- Published (Run 2 data) : paper (Link) & public results (link)
- The Powheg+Pythia MC prediction 1s used for the W=Z signal
contribution.
- Measurement region:
3L (e, n)
- MET > 30 GeV to suppress non-prompt background
> No MT requirement

> Mll (mZ) €[76.2,106.2] GeV
- M1l > 100 GeV to suppress Z+ y process

Region N,  pr{lz1, 4z, lw, b}y Nossgp |M(£z71,47,) — my] prs Ny tag min(M(£'))  M(€zq, £z, by)

SR =3 >{25,10,25,—} GeV  >1 <15GeV >30GeV =0 >4 GeV >100 GeV
CR-ZZ =4 >{25,10,25,10} GeV  >1 <15GeV — =0 >4 GeV >100 GeV
CR-ttZ =3 >{25,10,25,—}GeV  >1 <15GeV >30GeV >0 >4 GeV >100 GeV

CR-conv =3 >{25,10,25,—} GeV  >1 — <30GeV =0 >4 GeV <100 GeV



https://arxiv.org/pdf/2110.11231.pdf
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-014/index.html

WZ SM measurements (CMS)
- Published (Run 2 data) : paper (Link) & public results (link)

- Differential cross section in the fiducial phase space as a function of the

exclusive jet multiplicity of jets with p. > 25 GeV

o Differential measurement as function of reconstructed bosons (W, Z) pT,

Ap (W, Z), the transverse mass of the W£Z system
- Almost Similar variables as ATLAS except p.v
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https://arxiv.org/pdf/2110.11231.pdf
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-014/index.html

WZ unfolding complementary to WZ SM measurement

SFOS & on-shell Z boson (M1l €[76.2,106.2] GeV)
SM measurement 1s done 1n an inclusive Jet multiplicity
ATLAS: no MET requirement and loose MT selection
CMS: no MT requirement and loose MET selection
WZ. unfolding:
Untolding the high-MT (= MW) and high-MET (> 100 GeV) regions where new physics
may appear
MT > 70 GeV 1nstead of 80 GeV
To reduce the bias of large event migration in/out unfolding region
Unfolding the BSM sensitive variables (MET, MT, ...) 1n different nJet/HT regions
Untolding HT< 200 GeV & HT > 200 GeV regions
High HT (> 200 GeV) with at least one high-pT ISR je
Targeting the challenging phase space, where the mass differences between C1 and N2
1S ~Z-boson mass
WZ. purity 1s more than 85%, negligible contributions from non-prompt BKG

12



WZ unfolding complementary to WZ SM measurement

SFOS & off-shell Z boson (Mll €[76.2,106.2] GeV)

Exclude low mass resonances
SM-Like region, targeting compressed region Am(C 1, N 1) < mZ or non-WZ. scenarios

No MT requirement & MET > 50 GeV 1s required to suppress the BKG from fake process
Comparable statistics with on-shell region
SM measurement doesn’t cover off-shell region
Orthogonal to SM measurement region by definition
WZ. purity drops to 60-65% but still 1s the main contribution
2nd dominate SM BKG 1s ttbar (20-25%), the rest comes from Z+jets and ZZ processes
Unfolding regions divided to
MIl < 76.2 GeV (low mll)

MIl > 106.2 GeV (high mll)
Similar nJets/HT regions as on-shell region

13



Differential measurements (strategy)

On-shell region:
WZ is the dominate contribution in SUSY-like SR (> 85%)
Unfolding WZ process, subtracting non-prompt (estimated from data) and non-WZ
background (from MC)
Untolding variables used in the SUSY search
Oft-shell region:
WZ. 1s still the dominate background but ttbar contribution 1sn’t negligible
Untolding the final state to make the results re-interpretable
BKG with Non-prompt Lepton
Subtract the contribution from Z+jets which estimated from data
ttbar with a non-prompt lepton was estimated using MC simulation, should/will be treated as
prompt BKG?
Prompt BKG estimated from MC simulation, treated as a signal

14



Re-interpretation (Possible BSM scenarios)

Differential measurement in the SUSY-like phase space where the new particle may appear
makes the results re-interpretable 1n terms of theories not considered in the original analysis
publication
Original analysis generic search for excess on top of SM exception 1n several phase space
S different phase spaces to be unfolded
Extreme phase spaces (High HT, high MT or MET) e.g targeting boosted topologies

Planning for BSM reinterpretations
CMS performed a search tor anomalous values of the charged triple gauge coupling WWZ.
which lead to new constraints on beyond-the-standard-model contributions to the WZ. triple
gauge coupling
Different unfolded phase spaces maybe consider more than one BSM scenarios

15



Back up
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WZ Estimation (MET mis-measurement)

Using WY events, W—>lv

The enhancement of the FSR diagram in Wy process leads to differences in the mT

shapes be tween WZ and Wy.
To use the Wy mT shape to validate the WZ MC prediction the FSR contribution in

the Wy control region has to be reduced
Applying thresholds on photon pT and the AR (lep, photon ) in Wy events

FSR photons are expected to be close to the lepton radiating them
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Wy and WZ have very similar MT shapes because their
production mechanisms are similar 17



