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| Outline

® Quick recap of DPS basics

® Singal/background studies of
# same sign W pairs

& Z(v*) pairs

$ Summary
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| Double parton scattering (DPS)

Two simultaneous hard interactions in M

one (p-p) collision.

ECD MW
opsW2) = 2alefffdx1da:2dx’1daz’2 \

Dij (wl, L9, tl, tQ)Dkl(wll, 33‘/2, tl, tg)(/)\'g/]‘;l (ijl, x’l)&;}@ (ZEQ, 513/2)
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| Double parton scattering (DPS)

Two simultaneous hard interactions in M

one (p-p) collision.

ECD MW
ops W W2) = 2alefffdx1da:2d:c’1d:z;’2 \

Dij (wl, L9, tl, tQ)Dkl(wll, 33‘/2, tl, tg)(/)\'g/]‘;l (xl, x’l)&;}@ (ZEQ, 33/2)

(D

Usual assumptions:

® Uncorrelated longitudinal and transverse distributions (oeg)

® Same transverse distributions for different partons (universal o.g)
® Factorised double distributions (D% (z1, z2) = D*(z1)D’ (x3))
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| Correlation effects

Lots of room to improve on this ! E.g.



Correlation effects

Lots of room to improve on this ! E.g.

® scale evolution ?

Snigirev 03, Korotkikh, Snigirev 04, Cattaruzza et. al. 05

» momentum and number sum rule constraints ?
Gaunt, Stirling 09

®» connections between sea and valence distributions ?

Calucci, Treleani 99

® different o.g for different terms in dDGLAP ?

Cattaruzza, Treleani et. al. 05
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Correlation effects

Lots of room to improve on this ! E.g.

® scale evolution ?

Snigirev 03, Korotkikh, Snigirev 04, Cattaruzza et. al. 05

» momentum and number sum rule constraints ?
Gaunt, Stirling 09

®» connections between sea and valence distributions ?

Calucci, Treleani 99

® different o.g for different terms in dDGLAP ?

Cattaruzza, Treleani et. al. 05

Need experimental handles from processes sensitive to different scales

and initial state partons.
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| DPS phenomenology

® Experimental studies:
AFS, (UA2,) & CDF on 44, CDF & DO on v + 335, and RHIC
also Drees, Han 96
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| DPS phenomenology

® Experimental studies:
AFS, (UA2,) & CDF on 44, CDF & DO on v + 335, and RHIC

also Drees, Han 96

® L|LHC studies:

al. 10
W/Z + 45 Maina 09
Same sign W pairs (+ nj) Kulesza, Stirling 99; Maina 09

|

Electroweak DPS at the LHC



| DPS phenomenology

® Experimental studies:
AFS, (UA2,) & CDF on 44, CDF & DO on v + 335, and RHIC

also Drees, Han 96

® L|LHC studies:

al. 10
W/Z + 45 Maina 09
Same sign W pairs (+ nj) Kulesza, Stirling 99; Maina 09

® Background:
Associated W/Z+H production Del Fabbro, Treleani 00, Hussein 06
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| Double electroweak processes

Why study double electroweak processes ?



| Double electroweak processes

Why study double electroweak processes ?

® clean signal
® corresponding single processes well understood, and

® will be measured accurately at the LHC
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| Double electroweak processes

Why study double electroweak processes ?

® clean signal

® corresponding single processes well understood, and
® will be measured accurately at the LHC

WEW* = 5+ + Br:

® no ‘irreducible’ single scattering at the same order !

® valence quarks (sum rules) relatively important
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| Double electroweak processes

Why study double electroweak processes ?

® clean signal

® corresponding single processes well understood, and

® will be measured accurately at the LHC

WEW* = 5+ + Br:

® no ‘irreducible’ single scattering at the same order !

® valence quarks (sum rules) relatively important

Z(v)Z(v") — Al

® characteristic DPS kinematics

® |ow scales compared to jet based observables possible I
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| Double electroweak processes 2

Aim:
WEW=* — IF1* + Bp

® study sum rule effects using GS09 dPDF Gaunt, Stirling 09

® towards a genuine signal/background study
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| Double electroweak processes 2

Aim:
WEW=* — IF1* + Bp

® study sum rule effects using GS09 dPDF Gaunt, Stirling 09
® towards a genuine signal/background study
Z(v)Z(v*) — AL:

® study ‘typical’ DPS observables at LOW scale

® find ways to extract the signal !!
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| Double electroweak processes 2

Aim:
WEW=* — IF1* + Bp

® study sum rule effects using GS09 dPDF Gaunt, stirling 09
® towards a genuine signal/background study
Z(v)Z(v*) — AL:

® study ‘typical’ DPS observables at LOW scale

® find ways to extract the signal !!

Note:
The rate for these processes are low (signal ~ bkgd O(1) fb after BRs

at 14TeV).
We are talking about longer term LHC possibilities here. I
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W=W=.:.DPS correlations

® dPDFs correlations break factorisations :
R = 47witwt Zwow= (= 1 in the factorised limit)

W+w —
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® dPDFs correlations break factorisations :

W=W=.:.DPS correlations

R = 47witwt Zwow= (= 1 in the factorised limit)

W+w —

For comparison we have mstw,, (n =0, 1, 2) sets :
Dzb(ﬂfl,ﬂfg,t) = Dg(xl,t)DZ(xg,t)H(l — X1 — 332) X (1 — X1 — acg)”

(pb) | 0Gso9 Owstw, Owstw;  Omstwa (pb) TGS09
Vs =14 TeV Vs=7TeV /s=10TeV /s=14TeV
WHW~— | 0.546 0.496 0.409 0.348 WHWwW— 0.107 0.250 0.546
WTWw+ | 0.321 0.338 0.269 0.223 WHWw+ 0.0640 0.148 0.321
W-W= 10182 0.182 0.156 0.136 W=W= 0.0317 0.0793 0.182
R R
0.784 1.00 1.00 1.00 0.709 0.751 0.784
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W=W=.:.DPS correlations

® dPDFs correlations break factorisations :
R = 47witwt Zwow= (= 1 in the factorised limit)

wWtw—
For comparison we have mstw,, (n =0, 1, 2) sets :
Dzb(ﬂfl,ﬂfg,t) = Dg(xl,t)Dz(xg,t)H(l — X1 — 5132) X (1 — X1 — acg)”

(pb) | 0Gso9 Owstw, Owstw;  Omstwa (pb) TGS09
Vs =14 TeV Vs=7TeV /s=10TeV /s=14TeV
WHW~— | 0.546 0.496 0.409 0.348 WHWwW— 0.107 0.250 0.546
WTWw+ | 0.321 0.338 0.269 0.223 WHWw+ 0.0640 0.148 0.321
W-W= 10182 0.182 0.156 0.136 W=W= 0.0317 0.0793 0.182
R R
0.784 1.00 1.00 1.00 0.709 0.751 0.784

® Factorised approximation becomes better when /s increases.
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W=~ signal vs (SPS) bkgd

1007 __...:::::::::::U:V:Vf::::::::::éiii:f”-' i Assume @ LHC
S | ot = 14.5mb

10° éTevatron ELHC— ops(2WE) ~ O(500) fb

‘Wtz

g 107 . s Bkgd considered:
| i 1) single scattering
TR W
2) diboson (W*Z(~*))
3) heavy flavours (QQ)

0O 2 4 6 8 10 12 14 16 I
CM energy (TeV)
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WA - SPS bkgd

® W*W=jj: total cross section ~ opg(WTW)



WA - SPS bkgd

® W*W=jj: total cross section ~ opg(WTW)

® Central jet veto (n™, p™) effective:

'max'ij=i4Te\'/ -—Iv—il ]
100 P1=80GEV -omr

10 ¢

01 ¢

0.01

o(pp = 2(W* = ptv,)jj) (tb)

O 05 1 15 2 25 3
,r];'lin
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WA - SPS bkgd (2)

® Diboson production, and when some leptons not identified :
q7 — WEZ(y*) — 1Tt (1F)
qq — Z(v)Z(v*) = E)E(IT)
» Z contributions ~ 2 orders larger than opg(W=W*)
# ~* even larger (asymmetric decay into 1 hard + 1 soft ['s)

& cuts : central OSSF lepton veto, max lepton pr,
Isolated charged tracks chanowitz Kilgore 95

|
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WA - SPS bkgd (3)

® Heavy flavour production: pp — QQ + X, Q =t,b
® it:eqg. t—>WTbh—I1Tvb
t = W=b— qfltve
o nominally final state is I+ + Ep + 4

& cut: central jet veto, max lepton p, tight lepton isolation

|

Electroweak DPS at the LHC



WA - SPS bkgd (3)

® Heavy flavour production: pp — QQ + X, Q =t,b
® tt:eqg. t—WTb—=I1vb
t = W=b— qfltve
o nominally final state is I+ + Ep + 4
& cut: central jet veto, max lepton p, tight lepton isolation
® bb:gg— bb— BB+ ...
B = l1lTvX
BY - BY - [TuvX
# huge cross section, b pr falls steeply, v soft

& cut: tight lepton isolation, min lepton pr & Er

|
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W=/ =.simulation

® DS signal: MADGRAPHwith GS09 and resummed W pr distribution.

® bb: HERW G6. 510 with parton level cuts, forced semi-leptonic B
decay and one BY-BY mixing. o,;(p% > 20GeV) ~ 5 ub.

® Diboson: MADGRAPH+ VEGAS at LO.
® W=EW=jj & tt: neglected as discussed before.

® Other backgrounds: multi-particle interactions estimated. Found
negligible.

® Detector effects: not simulated.

|
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W =W .. CULS

® |Isolated SSL pair || < 2.5, 20 < pk. < 60 GeV.

® OSSF lepton veto when a 3rd lepton is identified (100% eff.
assumed when p%. > 10 GeV and |n| < 2.5.

® [ >20GeV.

® Reject an event if a charged (lepton) track with pi. > pr > 1 GeV
forms an invariant mass < 1 GeV with one of the same-sign
leptons.

® Jet veto to reject WEW*jj.

|
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10 ¢

Vs = 14TeV

(fb/ Adu)

dU
dagy

After cuts o+ () o, (fb) I .
WEW=(DPS) 0.82 0.46 01
W=EZ(v*) 5.1 3.6 P
Z(v)Z () 0.84 0.67
bb (ph > 20 GeV) 0.43 0.43 tr
2

Bkgd dominated by @ %

(tb/GeV)

d mr

do

W*Z(v*), basic kine-

matic distributions similar
to DPS signal.

01 ¢

%(fb/GeV)

0.01

(fb/GeV)

d pr

do

20 25 30 35 40 45 50 55 60

20 25 30 35 40 45 50 55 60
low p}
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W=W=.further handles

1} GS9x10 ~ R 1F GS09x10
Wz . Wz
n asymmetry: SPS 05 | R o5 | 2z
final states prefer S ool S ’
small An, less so
] 0.5 0.5

for signal : . v o

a1t ‘°?’§‘§§’ 1t fo?o?,?,

0 0.5 1 15 2 0 0.5 l 15 2
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W=W=.further handles

1} GS9x10 ~ R 1F GS09x10
Wz . Wz
n asymmetry: SPS 05 | R o5 | 2z
final states prefer S ool s Ll
small An, less so
] 0.5 0.5
for signal : .. o W
A % e e e 4 ¥ S NSRRGSR SR &
0 0.5 1 15 2 0 0.5 l 15 2
22 1= 5GeV o
= , | Idz%ggg¥ ‘‘‘‘‘‘ P |
3 opstTbaay Charge asymmetry
£ ow qres s | ratio 255 also dif-
3 i o N ferent
14 | -
00.511.522.533.54 00.511.522.533.54
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Look for 4 muons, 272~

® 4 isolated leptons: very clean signal

® double Z — [T]~ rate low

® want to go to low scales, where DPS rate increases
® need to trigger on (low pr) leptons

LHCb might find easier in studying this process
Signal: (¢q — Z(v*) — ptp™)?

Bkgd: qq — Z(v*) = 4, 7 — 2(Z(v*) — pFp”)
Again consider only physics bkgd

B
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Z ()4 (+) . sSsmulation

® Signal: HERW G++, assuming simple factorised model
® Bkgd: MADEVENT + HERW G++

Cuts:

® 19<ny<49

1 < pf < 50 GeV

AR, > 0.2 for all muon (++,——,+—) pairs

4 < my+,~ <50 GeV for both " p~ pairs

© o o @

my4; < 50 GeV (to suppress the Z single resonance bkgd)

|
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Z(y )4 () - preliminary results

normalised distribution

normalised distribution
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Z(y )4~ . pair-wise balance

Define pr imbalance S as

la

l1 lo ls
S }(\pr_r + pT +|pT + pp )
l1 lo l3 lg
2" pr +p7 pp + Pr
4 T T T T 2.5 T T T
DS Signal 4<m<50 —— DS Signd
35 F it DS Signal 60<m<120 e . SSBKgd LH wweeeeeeeee

c c 2r i
S 3pi i - IS

E : 3

% 2.5 ' Uci 15 F

B ol B

B B .l

= 15 =

S £

g1 £ o5l

05
O N N N [T O PP 1 1 1
0 0.2 0.4 0.6 0.8 1 0 0.2 04 0.6 0.8 1
pr imbalance pr imbalance

® different from DO variables. Comparisons needed.

® effectiveness depends on mass scales involved

Electroweak DPS at the LHC



| Summary and next steps

® dPDFs including correlation effects (GS09) leads to qualitative
changes in signal properties (rapidity asymmetry, cross section
ratios).

® DPS W=*W+= has many appealing properties, but background can
be problematic. However strategies are available to help suppress
bkgd beyond basic cuts.

® DPS Z(~*)Z(~v*) very clean signal. Simple distributions different
from bkgd, but can be hard to cut on.

® Looking at correlations between different dilepton/vector boson

observables
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I Multiple particle interactions

® Given luminosity (L = 10** cm~2s71), single scattering cross
section (o), rate of bunch crossing (B =4 -107s71):
Average number of events per bunch crossing, (n) = &2

® Multiple particle interaction cross section, oy
—n)y M B N (L Nl
ON =€ "' "NT L — NI (E)

O'N

N!(O-N,eff)N_l

ON eff = (%) = 4mb

® RMS bunch length : 7.5 cm, z-resolution : 115 um (Pixel), 580 pm
(SCT) at ATLAS
the probability that 2 independent scatterings overlap ~ 0(0.1)%.

|
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