BlackHat




Overview

® Automating NLO computation.




NLO?

® Increased precision beyond Leading Order (LO).

® Gives better control of shapes and
normalization's of distributions.




NLO Calculations

® | eading order requires only a single piece -
Tree amplitudes. Many tools exist for this.
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Virtual Term

® [he virtual term has been considered the
bottleneck in"'such computations up until
NOW. |




NLO Calculations

® Automated One-loop amplitude codes using new
techniques-

® BIackHat [Berger, Bern, Dixon, DF, Febres Cordero, Gleisberg, Ita,

Kosower, Maitre],




Automated IR Subtractions

NLO tree virtual real
n n n+1
® Real and virtual terms are separately IR divergent. Numerically

subtract IR singularities from real and add back to the virtual.
Procedure now automated.

[ ] (]
i 3 »A gt B0 i HEé . { - d : &3 ot ! » s - X Mh Sy
Sh AT o el o | ’ ‘| Pt A A [ d \ ¥ R 50 S YR o S4B Ll SN TSR = LY
':' .5‘., P AL W o O ,,,.v _ S gy | ~INT f.. redia ¥ o= 5 v S St 2 ,_é(ﬂ,;*/‘ o ‘.‘.f 4 R S ey 2 i ot el
[k &t i At T TR IR Y R >l P D i ALY 5 'l See XU e PN T s S iy il Y [Re N S e, s T
. & rdhs -";-" _',) e Aty _‘ 1% vl 4 X3 o 1 ,?‘»_..', - ¢ .'z, ‘r:ll e T L v * ; »‘f\'\ Veriad S S Ploiiog ,.;.'c',' A 5 ‘.‘:':; 5 ik .:.g'._. Cop !
- . - . o - v L X %

: b e bt e ot LSS TSR Ll TR Gl R adrinl it gl S S Py |
LI ¥ SNt etk Ay g RA L 33 o) i P as i ST CRRS T, LR Ll N g LR
N = et e YA 3 ke’ i PR o i, ¥ S L . o LARIILY ant - + PR WAL
» L > L ) 1 siden IL S MR W) PALE S T AR A P X R SN e % e P 2 BN 19 oty
RO € il s &L P e TS R L a2 R TN e £ e Y S - 0 P
Pty AL N Y 3 oAy Ay B B W ‘:{" AR 1 2% ST it P PRASAL,, °Y il i & L gehede s i g by |




Automated IR Subtractions

4 A
- j Gtree & j rrlefi Z]j_bl + j Gvn“tual + j Gn_l_l
n \ y

® Real and virtual terms are separately IR divergent. Numerically
subtract IR singularities from real and add back to the virtual.
Procedure now automated.
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Current Situation

® |n the past the analytic formula for a specific
process was implemented in a specific code or

combined into a program such as MCFM.

i@ Each new process reqmres knowledge and skill
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The Goal

® Automation & Mass
Production

® Use computers to do
the tedious work!
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Automation

® NLO computation Goal: pick an automatic
tree-level code, a one-loop level code and a
subtraction code, combine to get full NLO
result.




BlackHat+Sherpa

® How does this work in practice!

® Example : BlackHat + Sherpa.
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BlackHat+Sherpa

® How does this work in practice!?

® Example : BlackHat + Sherpa.




The Role of Sherpa

[Gleisberg, Hoeche, Krauss, Schoenherr, Schumann, Siegert, Winter]

® Ve use this at the parton level only
(AMEGIC++).
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The Role of BlackHat

[Berger, Bern, Dixon, DF, Febres Cordero, Ita, Kosower, Maitre, Gleisberg]

® Automated one-loop amplitude
computation.

® Uses recent developments in unitarity &
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Example:W+3 jets

[Berger, Bern, Dixon, DF, Febres Cordero, Ita, Kosower, Maitre, Gleisberg]

® Combining SHERPA+BlackHat get new results. e.g. (see
David Kosower’s talk on Thursday)

30 40 50 60 70

W + 3 jets + X — 1.0

o — NLO
Vs = 196 TeV = CDF data

jet jet
E. >20GeV, In | <2
E;, >20GeV, In‘l <11 |
E, >30GeV, M, >20GeV 1

R = 04 [siscone]

—

do/dE. [pb/GeV ]

w
Mg = Vg = Ep

BlackHat+Sherpa

== LO/NLO NLO Scale dependence o,
CDF/NLO
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Unitarity & On-shell methods

® Want to avoid using gauge dependent quantities,
use only on-shell amplitudes.

® Unitarity: “Glue” together trees to produce loops.
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One-loop Basis

® Any one-loop amplitude can be decomposed into a
standard basis of scalar integral functions,




Computing Coefficients

® Generalized unitarity, cut the loop more than two
times, use to compute these coefficients.
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BlackHat

® BlackHat is a numerical implementation of this.

® For massless particles and massive particles that do
not enter the loop.




24 Example: BlackHat+MadFKS

® The C and D parameters for 3 and 4 partons
respectively. [Frederix]

MadFKS + BlackHat ' MadFKS + BlackHat
ete™» 3 jets ete™— 4 jets

04 06
D parameter




BlackHat In Use

® For a fixed order NLO computation BlackHat needs
to be combined with programs/code to do

® real part, IR subtraction, phase space integration.




Computing using BlackHat

® High multiplicity processes (e.g.W/Z+3 jets) are more
computationally demanding than in the past.

® Requires control of multiple separate jobs for real and
virtual terms (e.g. SHERPA and BlackHat pieces).

° Comblne results of multlple jObS for each plece for hlgh
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Public Release

® Multiple steps.

e NNow: Initially release ROOT n-tuples of events for
specific NLO processes.




Root n-tuples

® Give out n-tuples for specific NLO processes. e.g.
W/ Z+3 jets for the LHC at 7 TeV.
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BlackHat Code Release

® Release in 6-12 months.

® Will produce one-loop amplitudes for validated
processes.




Conclusion

® BlackHat - An automated one-loop computation
package.

® Can be used in combination with any program that
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