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Motivation

@ parton shower: soft, collinear resummation & merging to ME
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@ parton shower: soft, collinear resummation & merging to ME
BUT large s/t: log(s/t) ~ Ay (MRK limit)
= large logs, perturbative expansion breaks down
= merging of high multiplicity guided by different log

= HEJ: resummation, matching & merging
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@ parton shower: soft, collinear resummation & merging to ME
BUT large s/t: log(s/t) ~ Ay (MRK limit)
= large logs, perturbative expansion breaks down
= merging of high multiplicity guided by different log

= HEJ: resummation, matching & merging

currently implemented in HEJ:
o QCD ME with first order gy correction
= all single gauge bosons production (v, Z, W or h)
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Dominant Contributions

Multi Regge theory

M [%/s?

Limit for large t1, to with fixed 10
S1H,S2H and si2

ai(t1) _ao(t2) :(E
M~ s s ]

- (t1, ta, s12/(S1HS2H))
with «a; spin of exchange particle. Xﬁ

=
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Dominant Contributions

1012
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Multi Regge theory :
Limit for large t1, to with fixed 10 :Of‘

M i

S1H,52H and sip

ai(t1) _ao(t2) :(f
M~ s s ]

- (t1, ta, s12/(S1HS2H))
with «a; spin of exchange particle. XE

v 107
o

2 4 6

: 2 2 2 2
= Gluon exchange dominant = |M|” oc si; s7 st

(rapidity ordered, Fadin-Kuraev-Lipatov configuration)
2 2 2
= Quarks exchange suppressed = |[M|”  sj;j,57 5% 1y
(Sijo ~ exp Ayp)
= Higgs in between gluon and quark = |./\/l|2 x sJ-lehHsjzm
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Dominant Contributions

Multi Regge theory

M [%/s?

Limit for large t1, to with fixed TR - N R

S1H.%2H and s12
ai(t1) _ao(t2) :(f
M~ s s ]

- (t1, ta, s12/(S1HS2H))
with «a; spin of exchange particle. XE

v 107

=

0 2 4 6

: 2 2 2 2
= Gluon exchange dominant = |M|” oc si; s7 st

(rapidity ordered, Fadin-Kuraev-Lipatov configuration)
2 L2 g2
= Quarks exchange suppressed = |[M|”  sj;j,57 5% 1y
(Sjup ~ exp Dypm) ,
= Higgs in between gluon and quark = | M| x sJ-lehHsjzm
= Factorization of M (additional emissions ~ 1/p? )
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Dominant Contributions

The HEJ approximation is

@ exact for large log(s/t)
@ systematic expansion of the ME

@ fast enough to keep full phase-space,
for any multiplicity (better then BFKL)
= matchable to fixed-order ME
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HEJ Matrix element

F (=1 (A

1 1
' (gf K# ) (gf K, >
1 th—1

— n—2 g2C
—g2Cxp
: H (__ VH(inqi+1)Vu(qiaqi+1)>

oo L0200 )

Other processes: different HSfafbA)fl
emission.

: 2, e.g. additional h or unordered
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HEJ Matrix element

# HS 2
Pa 4[ furrent P A (N2-1) fafp—F1f,
(o}
P2 2 1 2 1
. Ke — . K
qZJ' . (gs fi tl) (gs fn tn_]_>
: = n—2 2
—8:Ca
. _°s 7 yH i) qi V. i\ i
h2 ¢ H( titit1 (9, 9+1)Viu(q q+1)>
Ch— ! . Ph-1 n—1
f ] 0
Po l-Current j Pn . exp [w (qjl)(ijrl _yj)}
j=1

2, e.g. additional h or unordered

Other processes: different HSfafb*)flf;W
emission.
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HEJ Matrix element

1 2
auERE

1 1
(gxd) (2x )

— n—2 _gch
) H —— V*(qi, qi+1) Vu(4i, git1)
" t'ti+1

L exr [Wo(qjl-)(yjﬂ - yf)}

=1

Other processes: different HSfafbA)flfn 2, e.g. additional h or unordered

emission.
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HEJ Matrix element

auEREE

1 1
: <gs,2 K# ) (g52 K, )
t1 th—1

— n—2 g2 C
—8:Ca
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-Hexp[ C) yj+1fyj)}

Other processes: different HSfafbA)fl
emission.

: 2, e.g. additional h or unordered
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HEJ Matrix element

1
auEnREe

1 1
: (gf Ks ) <gs2 K, >
t th—1
— n—2 _g2 CA
H ﬁ V”(QI»Qi+1)\/;L(CIiaCIi+1)
_y itit1

~He><p[ (gj1) yJ+1fyj)}

. 2
Other processes: different HSfafb_Hflfn
emission.

, €.g. additional h or unordered
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Average number of jets

—— HEJ

4 — === NLO
4003y s

375 LHCG13TeV
anti — kt, R = 0.4,p;,1 > 30GeV, [y;| < 4.4

w
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Avg. number of jets
s S e e e
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@ NLO leveling around Ayg ~ 5 and (n;) ~ 2.4
i.e. h+ 3j contribution comparable to h + 2j
= high multiplicities relevant, NLO insufficient
= HEJ <n_,'> ~3.7at Ayp =9
= large effect for any tagging on additional jet
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Application: Higgs to gauge boson coupling

@ small quantum interference between WBF and gF for h + jj
= Distinction between WBF and gF

coupling: hto Z/W (signal) top-loop (background)
add. emission:  on external quark on t-channel gluon

Here everything shown in HEFT, but HEJ can use full m; dependence

results from arxiv:1803.07977
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https://arxiv.org/abs/1803.07977

Central jet veto

Veto event if jet with ’yj y0| < Ve Vo= yf1+yt2

tagging jets t;: forward-backward (fb) or hardest (12)

0.60

2,00 forward-backward jet selection — e pp = hij
=== NLO (gF) 55F @13TeV =
----------------------- T o e 0.55 LHC@13TeV
175 e ~ anti — kt, R = 0.4,p; . > 30GeV, |y;| < 4.4
______________________ 0.50 [1r = el > 2.8, mj,5, > 400GeV E
1.50 0.45
- pp — hij 5
£ 1250 LHC@13TeV g 040
= anti — kt, R = 0.4, ;.. > 30GeV, |y,| < 4.4 = 035
€ 1.00 1 — val > 28,5, > 400GV S
0.30
0.75
025 wes12)
0.50 HEJ (fb)
0.20 === nLo (12) E
- NLO (1
0.25 0.15 (\ ) L L L L
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0
‘l),”' Ye

@ 20 — 30% reduction of gF contribution
@ only weak dependence on tagging
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Central jet veto

Veto event if jet with ’yj y0| < Ve Vo= yf1+yt2

tagging jets t;: forward-backward (fb) or hardest (12)

0.60

2.00F forward-backward jet selection — HEJ pp = hij
== NLO (gF) 055F 3
________________________ —— NLO (WBF) B
I e . - 0.4,p;.1 > 30GeV, |y;| < 4.4
_______________________ 0.50 = vl > 2.8, m1,,5, > 400GeV E
150 0.45
- 0 — hij 5
£ 125 LHC@13TeV z 040
3= anti —kt, R = 0.4,p; . > 30GeV, |y, < 4.4 = 035
€ 100 [1n = ol > 2.8,mj,, > 400GeV IS ™
0.30
0.75
0.25F.
0.50
0.20 F----
0.25 0.15 I L L L L
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0
ylt Ye

@ 20 — 30% reduction of gF contribution
@ only weak dependence on tagging
BUT large NLO scale dependence
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doldM, [fb/GeV]

Theory/Data
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------ POWHEG+PYTHIA8 (QCD)
&\Q SHERPA (QCD+EW)

- SHERPA (QCD)

HEJ (QCD) + POW+PY (EW)

ATLAS
Wijj signal region (Mﬂ>0.5 TeV)
L L
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Theory/Data

@ HEJ scale uncertainty is systematic
= significant improvement with (future) HEJ4+NLO merging
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https://arxiv.org/abs/1703.04362

Summery & Outlook

NLO matching

reversed HEJ

modfied matching, quicker, more flexible (.1he file input)
released soon

HEJ & parton shower merging

CKKW-L like merging (two all order resummations)
released for PYTHIAS

Include (more) sub-leading corrections to the HEJ ME

e L L el |l o6
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Thanks for your attention!
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Backup slide: Higgs+jets

— HEJ
---= NLO (gF)
—— NLO (WBF)

10'F

do /dm;,j,[ab/GeV]
|
I

100 t'_J pp — hjj
[ LHC@Q13TeV
anti — kt, R = 0.4,p; 1 > 30GeV, |y;| < 4.4

T T
800 1000
Mo [GOV]

0 — 2[‘)(] ‘ ‘ 4(‘)() ‘ ‘ G(‘)[) ‘
o gF: smaller values for mj;, (dominated by initial gluon)
= standard cut: m;;, > 400 GeV

= after cuts: region where HEJ resummation becomes important
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Backup slide: Wjj measurement Ay;;

T T T T T T T T T T T T T T
"o Data E:‘s Tev, 2020 7
[ POWHEG+PYTHIA8 (QCD+EW)5
- POWHEG+PYTHIA8 (QCD)
1 SHERPA (QCD+EW)
- SHERPA (QCD)
: HEJ (QCD) + POW+PY (EW)

10

AR

1/0%drdo/dAy/ bin width
=Y
T
2.'
b
«
vl

10°g 3
10’35* b -
£ ATLAS 7
r Wijj signal region (M >0.5 TeV) b
Ll T R S PR -

Theory/Data

By, i)

from arXiv:1703.04362
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https://arxiv.org/abs/1703.04362

Backup slide: rHEJ matching

resum, match
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