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MINLO introduction

Fixed order for jet prod" procs fails if jets are close/low pT

Example: Higgs pt from NLO H+jet calculation:
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Proper description at low pT requires resummation



MINLO introduction

> MINLO matches fully differential NLO calcs to LL

[nearly NLLo] Sudakov resummation

o MINLO finite in all ph.space: no need of generation cuts

do/dpt [pb/GeV] Ratio

8 o8y Resummation —— |
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{ Question: what’s MINLO accuracy for inclusive quantities?




NLO H+jet radiation spectrum

> NLO H+jet calc" : do = dos + dosr + dox

> @ = H Born kinematics [here yHJ, L = Log%—;
2

o

dos : pr— 0 divergent terms

do s do.o d

df = an [ as (12) Ha (12)] 7 [A(Q.pe) £ ({we} e, po)]

NLO

o

dos: pt— 0 divergent remainder as Sudakov only NLLo

do do;o ~ ~
TBdL — do Os (k) [LRQl y RQO}

o

do» : pr— O finite




MINLO radiation spectrum

> NLO H+jetcalen:  do = dos +dosg + dos

- MINLO H+jet calc": don) 1=/ dar —Hd()‘MR] + do -

o ' dor :pr— 0 divergent terms, dos, after MiNLO

Lt e (12) o (42)] 7 (A (Qupe) £ ({ae} e, po)]

dor  doio

d®dL  d®

. pt — O divergent remainder, dos , after MINLO

do dO‘L © (20, pr) T_ ~ -
dq)j:llz — - Q pT H : & p { g(pT) [RQl L+ RQO} — Qg (pT)L >0Cy 507‘[1}

o doy : pr— O finite




MINLO integrated

> Integrate out all the radiation [including jet in the Born):

do ., _/ do» I/ do - If/ dO'MR\
d®  Jp d®dL [, d®dL [, dPdL

-

= doro IK/ dO_MR\
- d®  J, dPdL

S

o

domr: pr— 0 divergent remainder, dogy , after MiNLO

" do vr dopo _ EQl \
= R O: —
e 7 /L dDdL id X0

o B0 - /dUMR _dowo a3/2\/?§20—507‘l1
ST )L dedL @ ° V2 J/5,G




MINLO’

° But H+1-jet spectrum known analytically to high accuracy

> Analytic control allows to formulate Sudakov s.t. do’,. =0

MiNLO — MiNLO’

A (Q?pT) — A (QapT) = A (QapT) 0A (Q7pT)

L
5A (Q,pT) — eXDP / dL/ 545 (pff) {Rzl L/ -+ RQ() — 507‘[1
0

dO‘j\A _/ dO';z I/ do = N donro
dd ), d®dL = J; d®IL  dP

o MINLO’ simultaneously NLO for H & H+1-jet prod"




MINLO’ H+1-jet

° Higgs rapidity

> Conventional NLO H prod": red

o MINLO’” H+1-jet+parton shower: green

o Agree with each other ~ to within the line thickness



Extending the MINLO method

o

MINLO” needed rad" spectrum at N3LLs to NLO

For MINLO — MINLO” H+1-jet we put in N3LLo term ~" B2’

Known for pt of Boson/yo1 jet rate in W/Z/

/

W/

Z prodn

Generally we don’t know "py” — 0 divergent terms to NLO

Then what?



Extending the MINLO method

° tarlier we computed the difference w.r.t. conventional

inclusive NLO that unknown/uncontrolled terms give rise to:

doxLo  dou N doro _ Ra

1D D S| 7 S (1+0(vas))

> Can manipulate this to get approx Sudakov coefficients:

doNLo do .

dd dd

do
_2L2 M
/L Y5 UL Ao

= R (140 (Vay))




Extending the MINLO method

o |f MINLO Sudakov had all NLLs terms, neglecting N°LLo,
can write MINLO” Sudakov equivalently as

I i
A" (Q,pr) = A(Q, pr) exp / dL" as (pl) [RzlL/+Rzo—5oH1
0

doxro = do

o dd dd
— A(Q, pT) IEor @ Y5,

2272 do

L s 4L dd

> We implement this as a reweighting of the MINLO xsec”

doxio do

) L oagp 92 A0 A da 3 W doie
i —I_as _ dUM d@ D d@

L S dL dq) -

do’




Extending the MINLO method

o We arrived at a numerical recipe for MINLO =+ MIiNLO”

> Traded problem of computing N23LLs MiNLO’

Sudakov terms for that of computing NLO xsec" for

the process with one less jet [differential in Born vars]

° Minimal requirement for Sudakov in initial MiNLO 1s NLL ¢




Extending the MINLO method applied to H+2-jets

iggs rapidity
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o MINLO” H+2-jets: red, formally NNLO
° HNNLOPS: green, formally NNLO

o MINLO H+2-jets: blue, formally not quite



Extending the MINLO method applied to H+2-jets

Leading jet transverse momentum

[pb/GeV]

J1
T

do/dp

100 =

MiNLO/
NNLOPS ——
MiINLO ——
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o MINLO” H+2-jets: red, formally

° HNNLOPS: green, formally

o MINLO H+2-jets: blue, formally not quite
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Extending the MINLO method applied to H+2-jets

Second jet transverse momentum

[pb/GeV]

J2
T

do /dp
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o MINLO” H+2-jets: red, formally

° HNNLOPS: green, formally
o MINLO H+2-jets: blue, formally
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MINLO introduction

° MINLO matches fully differential B+n-jets NLO calc"s
to LL (nearly NLLo) Sudakov resummation

o Example: NLO H+jet calculation:

do as (pr) | do do pT)
— A (O, A
dprdP (@ pr) as (Q) dedCD dpd® |, (@) s (Q) Jag
Sudakov Resum o NLO xsec Maintain fixed order
form factor logs = expansion to NLO

\ CAR=S0N
d Q2d

A (Q,pr) = exp —/p LQ {A( s (1)) log = + B (as (u))}_




MINLO introduction

> MiINLO transitions to the resummed calc” at low pT

> MINLO finite in all ph.space: no need of generation cuts

do/dpt [pb/GeV] Ratio

]OO: = - ] F
- ey Resummation —— 4t

e N

IEE = L

{ Question: what’s MINLO accuracy for inclusive quantities?




MINLO” integrated

> Integrate out all the radiation [including jet in the Born):

dO‘j\A _/ CZO';z I/ do - > doro
dd ), d®dL = J; d®IL dP

o MINLO” also NLO when Born jet in H+1-jet integrated out!

o MINLO’ simultaneously NLO for H & H+1-jet prod"

o This 1s NLO merging but without actually merging anything

o Relies on analytic control of pt — O divergent terms to NLO

> Trivially replicated for H/W/Z/HW/HZ prod" [successfully]




MINLO’ H+1-jet

o Higgs pr

H. o
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° NLO+parton shower H prod": red
o MINLO’” H+1-jet+parton shower: green

o NLO+parton shower H prod"” LO here, MINLO’” NLO here



Extending the MINLO method

o Can MINLO” H+2-jets return NLO accuracy for H

Inclusive as well as H+1-jet?

o By construction the method makes MINLO” H+2-jets
identical to the{target}when 2nd jet integrated out [y12]

—

donLo — fL do 4

Jp asL? do } {target}
— / do’, = doyio \
L

> So If you target” HNNLOPS instead of conventional NLO
H+1-jet you'll get NNLO H inclusive and NLO H+1-jet

ot =il {1+a§L2 Jr

coefficient

o Additional yo1 Sudakov keeps coeff O(1) also for yor — O



MINLO " W+W-+1-jet | erighi, KH)

o MINLO" recently extended to procs w. non-trivial virtuals
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> Conventional NLO: red
- MINLO” W*W- +1-jet+parton shower: green

o MiNLO” W+W- +1-jet
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MINLO " W+W-+1-jet
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o MINLO" recently extended to procs w. non-trivial virtuals
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NNLOPS

H+1-jet NLO

o 0-jet: unphysical
° ]-jet:

° 2-jet:

o All else: no predictions

H+1-jet MiNLO” w. PS

o 0-Jet:
o ]-jet:
° 2-jet:
o All else: PS

- H+1-jet MiNLO”

0-jet:
1-jet:
2-et:

All else: no predictions

» NNLOPS
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0-jet:  NNLO
]-jet:

2-Jet:

All else: PS



NNLOPS very quickly (vanilla]

o |n 1ts most basic form: d o NNLO
, d®
d o nnLors = d ominto x W(D)  with  W(D) =
d omiNLO
d®
, dguno_ 9O o NG s WD) = 140( al)

o Multiplying d ominto by W(D) to get NNLO accuracy

doesn’t spoil NLO already in d ominto for = 1 jet obs

f %Mimoig—%'\”\m W(D) spoils NLO d ominco for = 1 jet

o Bottleneck for NNLOPS is making a NLO x NLO MiINLO’

Of course, the NNLO calc" is the really hard part! We fully depend on NNLO friends for this.



NNLOPS results

° Higgs rapidity

107 HNNLO = HNNLOPS
‘ HNNLOPS —— HNNLO ——
O L] e I — PN
£ 1.0 S W e
. SN .

> Conventional NNLO H prod™: red (Catani, Grazzini, Sargsyan]

° HNNLOPS: green

° HNNLOPS = Conventional NNLO H prodn




NNLOPS results

o ¢ =0(0-jet)/ o (total) xsec" as f" of jet pr1 threshold
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o JETVHETO NNLO+NNLL: green (Banfi, Monni, Salam, Zanderighi)
> HNNLOPS tuned to NNLO+NNLL Higgs pt spectrum: red



Extending the MINLO method

o

In the beginning we saw the MINLO matching is

constructed s.t. NLO accuracy Is preserved

Extending MINLO — MINLO’ must also respect this, i.e.

. . 2
can only affect MINLO by relative as terms

|.E. coeff of @ L® must be O(1) and not e.g. O(1/V ) here:

doxro — fL do

d / = 1 —2L2 fL
2 7Sk [; 62L2 do .,

M

Since denominator is guaranteed to be O(a ) numerator

must therefore be as well: [; doxio — J; doy ~ O (as)

Demands MiNLO Sudakov in do,, be already NLLs correct



Extending the MINLO method

o Test: MINLO — MINLO’ for H/W/Z+2-jets

> Derived CAESAR N?LL s resummation of yo1 and y12 kT jet

rates In H+jets production

° This req® analytic N°LL+ multiple emission correction in

Sudakov form factor [ "F2" ] for kr jet rates

° Following CAESAR formalism we derived general expression

m* Z?:l sz N Z}Zl 062
16 (31 Co)°

o Checked it numerically agrees with automatized CAESAR

Fp =

program to 4 s.f. for all channels in jet prod" and Z+jets



Extending the MINLO method

o

s coefficient O(1) ?

In moderate-high yo1 region there’s no i1ssue HNNLOPS
equals NLO H+1-jet up to unenhanced H.O. terms

At low yo1 you need to worry about large yoi logs

If H+2-jets MINLO’ has no joint yo1 resummation the

coefficient 1s out of control in the small yo1 region

We implement a yo1 Sudakov together with the yi2
Sudakov according to the coherent parton branching

formalism (as in the first MiINLO paper]



Extending the MINLO method

> We argue coefficient is then O(1) throughout ph. space

o

Except in the region where a.L? >> 1, but control in this

region Is generally limited anyway for all kinds of calc"s

The conjecture is largely based on detailed comparison
of nested” CAESAR jet rate resummations vs. CKKW

They are identica

term missing in C

, up to a subleading soft wide angle

KKW (beyond CKKW's remit]

Even if it’s wrong and MINLO is only LLo for yor = O, that’s

enough to have HJJ stay LO (in F.O. domain], which is enough
to have NNLO 0-jet & NLO 1-jet [coeff goes like ~ 1/V . ]!




Extending the MINLO method applied to H+2-jets

iggs transverse momentum exclusively in 2-jet events
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o MINLO” H+2-jets: red, at low pr, at high pt

° HNNLOPS: green, at low pt, NLO at high pt

o MINLO H+2-jets: blue, ) at low pr, at high pt



Extending the MINLO method applied to H+2-jets

jet rate logio Vy12
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o MINLO” H+2-jets: red
° HNNLOPS: green
o MINLO H+2-jets: blue



Extending the MINLO method applied to H+2-jets

jet rate logioVy12 in events with Vyor > 200 GeV
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o MINLO” H+2-jets: red

° HNNLOPS: green

o MINLO H+2-jets: blue
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