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Introduction

This note aims to provide a guide to obta
practices and documen

Main topic

N SMEFT predictions, highlighting best
INg common pitfalls.

|dentify the subtleties and provide solution to common problems of the available simulation methods:

Direct simulation

Simulation of a desired
configuration of the Wilson
coefficients.

' CPU demanding to get high

| statistical precision. f,
1 ® Conceptually clean. ‘

Not covered in the note:

® Model comparison, truncation uncertainty, choice of olbservables.

Separate simulation

Different samples for SM, linear
and quadratic EFT predictions.

' @ CPU demanding to get high
. statistical precision.
| @ Independent from any reference |
pOI Nt. \:

’ Reweighted simulation :

| point can lead to large weights. |

Single sample with a per-event
weight to get different values of
Wilson coefficients.

_east demanding in CPU.
Predictions far from reference
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Introduction

Different physics processes that cover most of the LHC physics program have been
chosen as benchmark for the main EFT prediction generation methods.
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S. Banerjee, A. Calandri, S. Chatterjee, F.

Rewe|ght|ng in WZ Glessg;en, N. Smith, V. Perovic

SM reference point cy = 0.5 and ¢y, = 0.5 ref. point

(13 TeV) (13 TeV)
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S. Banerjee, A. Calandri, S. Chatterjee, F.

Rewe|ght|ng in WZ Glessg;en, N. Smith, V. Perovic

SM reference point cy = 0.5 and ¢y, = 0.5 ref. point
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S. Banerjee, A. Calandri, S. Chatterjee, F.

Rewe|ght|ng in ZH Glessg;en, N. Smith, V. Perovic
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Reweighting for tt 3. Goldouziar

Simulation of the 4-fermion EFT operators for the tt process with SMEFT@NLO using the reweighting.

LO simulation SMEFT@NLO documentation
_ O(A™?) O(A™?)

‘ :)r O C e S S . l. l. sm ctul cqdli cqqi3 ctu8 cqui cqqi1 cqq83 ctdl ctd8 ctg ctql cqqg81 cqu8 cqd8 ctq8 Ci LO NLO LO NLO
' 0.00  0.00 -0.00  0.00 RN . 0.00 c§, | 4.27ti% 4.0671% 1.0415% | 1.0372%
. . 8 11% 1% 6% 3%
® I\/lC)del SM _FT@NI_O ctut -000 000 -0.00 1.09 000 -0.00 000 000 -0.00 000 -0.00 0.00 0.00 0.00 clq | 2.797 g5 2.777 5 0.577F5% | 0.611750
8 ) +11% ) +1% 1. 1+6% 1. +3%
® O er a_t ors: cqdl 0.0 000 -000 000 000 -0.00 078 000 -0.00 000 000 000 000 0.00 cstq 6 99;??7 667;3; 6 3% 29123‘@
p ) b, | 4.261.% 3.93717% 1.0475% 1 0.79813%

13 000 0.00 -0.00 -0.00 0.00 m 000 000 -000 000 039 -0.00 -0.00 -0.00 0.00

. Sy | 2.79F11% 2.9370% 0.587% | 0.485+2%
y _ _ ctud8 419 -000 -000 -0.00 090 -000 000 000 -0.00 -000 0.63 -0.00 -0.00 024 -0.00 -0.00 8,1 +11% 1% +6% +3%
O;gz]kl) - (Qi’Y“Qj)(Qk'Yle), COq 6.997 o, 6.827 .o, 1.617 .o, 1.697 50,
3ijkl) _ (= p I (= _ I cqui  -0.00 1.09 000 0.0 -0.00 0.00 -0.00 000 -000 000 -0.00 -0.00 000 000 |[c52| 1.507 0% 1.3271% 1.617%% | 1.5712%
Ouq = (@77 0) (@Y™ @), 1 1% 131% +13% 6% 6%
0L _ (zita ) (Ty) cqqii 0.0 0.00 o.oom 0.00 -0.00 -000 000 179 -000 -0.00 -0.00 -0.00 |cl | [0.6771%] |-0.078(7)*31% | [0.41%13%] | 4.661%% | 5.927%
- () 7 7 ) 1% 30% 10% 6% %
O?(ijl) G TAg ) en TAu) cqq83 1.66 -0.00 -0.00 -0.00 0.00 -0.00 0.00 024 -000 095 -0.00 -000 009 |Crqg | [F0.2175°] | -0.30675.2([-0.15719%°]| 2.62732 | 3.4672%
= (q; q;)\ury Uu; 1 ' +0% 0. +24% . +3% . +6% . +6%
z?. 1) ¥l ’ a ’ ctdi -0.00 000 078 000 -0.00 -0.00 -0.00 -0.00 000 000 000 000 -0.00 -0.00 0.00 Cltq [0 39;331 047;33 [0 50;231 725;23 936;23
igkl) _ (= B0 (] cL. | [0.3319%] ~0.359123% | [0.5716%] | 4.68T6% | 5.9676%
o (27" q;)(drYudi), ctd8 298 000 000 -0.00 -0.00 000 -000 000 000 057 045 000 -0.00 -000 0.17 -0.00 « 0% e 5% 5% 5%
ST _ (= pA [T A cga | [F0.1179%] 10.023(6)T110% | [-0.197%%] | 2.611%% | 3.4673%
O, = (@"T"q;)(dkv, T  dy), ctg 14604 -000 -000 000 063 -000 000 024 000 045 2584 000 099 062 045 1.05 1,1 +0% o4 +30% +9% +6% +5%
. cgh| [0.5719%] 0.24F30% 1 [0.39F9% || 7.2578% | 9.3475%
01(12 D = (a;y* u;) (UrYut), ctq1 000 000 000 039 -000 000 179 -0.00 0.00 0.00 0.00 -0.00 0.00 -0.00 -0.00 oo [1.92717%] | 0.088(7)F287% | [1.051177%] | 7.25%%% | 9.327%%
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i - % Y% ) %
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N7 1 +15% +51% +7% +13% +5%
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tOBIR) _ (= 1Ay Y ¢ (6. TAg ctg8 7.02 000 000 000 -0.00 000 -000 009 000 -000 1.05 -0.00 040 -0.00 0.00 1.46 —18% —21% —6% ~16% —6%
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—
expected ones.

At LO good a

greemenf between the cross-sections obtadtrourev;eigndh
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https://arxiv.org/pdf/2008.11743.pdf

Reweighting for tt 3. Goldouziar

Simulation of the 4-fermion EFT operators for the tt process with SMEFT@NLO using the reweighting.
NLO simulation SMEFT@NLO documentation

— O(A™?) O(A™?)

‘ Droces S . l‘ l‘ sm ctul cqdl cqqi3 ctu8 cqul cqqi1 cqq83 ctdi ctd8 ctg ctgql cqq81 cqu8 cqd8 ctqg8 Ci LO NLO LO NLO
8 +11% +1% +6% +2%
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qu- = (@Y T ;) (U, T w), ct | [0.3919%] ~0.47124% | [0.5013%] | 7.2516% | 9.3616%
WGGED e s o ctdl -1.15 -0.00 107 000 000 000 -0.00 GFEN -084 -0.14 000 -0.00 0.0 -0.01 -0.00 o Con s e oo o
Opa”"" = (@7"05) (i), ctd8 283 000 -001 000 000 -0.00 -0.00 084 088 040 -000 000 000 015 000 | 2“ 038Tox) | 085974y (05715y] | 468Tor | 5967y
- : .00 -0. . .00 -O0. -0. -0. ? 40 -0. ! g : i 1 +0% % +6% +6% +5%
kl _ 5 c -0.11 0.023(6 -0.19 2.61 3.46
OS&” = (@7*T74;)(dr7, T o), ctg 167.68 -024 0.1 -010 058 0.17 -0.38 014 040 3654 028 098 037 028 064 r1 [[0 57;0% é 2);353?% EO 39+5;’%] - 25;2‘% 9 3415‘?
. -U. . -U. . . -U. -U. . . . . . . . c -
g Qq T —1% T _22% Y —12% T 5% T T—5%
tikl) — (. .Alb0y (70
Ofi* = (@i u;) (Gryuw), ctgl 238 000 000 056 000 000 2 0.00 -0. 0.28 [ -002 -0. . cb3 | [1.9211%] | 0.088(7)T28% | [1.05117%] | 7.2516% | 9.32+5%
q 0.00 68 0.00 0.02 -0.00 0.00 Qq —1% —20% —9229% —5% —5%
1(%]kl) Y [ 7
Oua” = @y u;)(deyudi), cqq81  6.84 -0.00 -000 -0.83 -0.00 -0.00 -2.50 -000 000 098 -0.02 153 -0.00 -0.00 035 |c% | 0.0586727% 0.125719% 0.00628712% 10.01331 7%
8(igkl) _ /- A 7 A 8 +27% _ +40% +13% +8%
Oui” = (@Y*T%u;)(dky, T ds), cqud 230 -0.01 -0.00 000 021 149 0.00 000 000 037 -000 -000 0.14 000 -000 |CQt| 0058375 0.107(6) T35 0.006197 g4 |0-01187 50
1(iikl B N 1 ~ +15%7 | _ +51% | r_ +7% +13% +5%
10qff;d ) = (qiu;) € (qrdr), cqd8 177 -000 080 -0.00 -0.00 0.0 -0.00 001 015 028 000 -000 000 012 -0.00 |°@@|[70-11T5g5] |-0.039(4) 550 | [-0-12755] | 0.02827 5 0.0651 gy
1 | +16% ~ +29% | r_ +3% +13% +5%
tOBUIK) _ (27Ay ) ¢ (. TAd)) ctg8 403 000 -0.00 -0.01 -0.00 000 -0.02 000 000 064 289 035 -000 -0.00 025 | 2 170068 55z 251 a1 | 101276 ] | 0-0283 65 | 0-066 g5,
f— . u 8 . . =-V. =-J. =-U. . =-J. =-JU. . . . . -V. =-yU. .
quqd di J Ak L)y Ciy X 0.215123% X X

= —

’ B -

Disagreementrepbrted to I\/IadGrth author ginteeghing N MGv3.x
it should have been solved nv3.5.1 .

|
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Reweighting for 11/

LO+1jet

A. Belvedere
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Reweighting for 11/

® Process: 1t/

® Model: SMEFT@NLO & SM
® Operator: O;z

(J
I\

the NLO simulation.

Reweighting seems to work better in

Slightly larger EFT effect for LO+1jet.
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Helicity reweighting in 12 S. 8. Cruz

® Process: 1t/ Helicity-aware reweighting: Whew = | M2 M2

® Model: Dim6top

e Operator: O, » Helicity-ignorant reweighting: = Wiew =Y M3/ > MG - woq
h h
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Helicity reweighting in 12 S. 8. Cruz

Decay W. madspin Decay W.0. madspin
'O0.0B_I """" L L L L L L 'O0.0B_I """" L L L L L
N F - 1 N F :
-7;30.07 - 1 sail - -7;50.07 - _|"I—:—|—I"|_ -
® MadSpin computes the matrix 50.061 4  50.06F -
: Z N ] L ] Z - : _ ]
element at the reference point. 0.05F - 0.05F | -
| | | 0.04F . T4 o004 -
® |t can't infer spin correlation of the 003 o +:E_-= 003 0 ‘|_|—|_‘
decay products at another point. TE : B :
0'025 —— SM sample E 0.02 - —— SM sample E
S S 0.01F —— BSM sample weighted to SM— 0.01F —— BSM sample weighted to SM—
| GOOdagreemeﬂtWhen F O:"""""""""""""""': O:"""""""""""""""':
- reweighting is performed after s s T | S :
g“ J ded @D 1.4F | o 1 @ 11 -
opand 2 decay. | 3 10 ™ | S 1.0ty
P 09h 3 P o9 E
ok yrt N z
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Reweighting in VBF Higgs production
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Reweighting in VBF Higgs production

® Process: V
q

q

® Model: SME
® Operators:

BF Higgs production
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Triboson processes

® Process: triboson production

V']
q

® Model: SMEF Tsim
® Operator: Ow

A careful choice of the scale is
‘needed to correctly simulate the
—FT contribution separately.
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Post-mortem reweighting L. Jeppe & A. Grohsjean

Possibility to reuse existing simulated SM samples with large statistics for EFT

B | Mgpr(p;» 5;) ‘2

analyses calculating event weights for specific EFT points. % 5
~__ | Mgp(D;s 5;) |
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Summary

An overview of the LHC EFT prediction note content has been presented.

What did we learn?

e Helicity-ignorant reweighting does a great job in sampling the (B)SM phase space
but it's not able to reproduce specific helicity configurations.

® MadSpin computes the matrix element at the reference point but can’t infer spin
correlation of the decay products at another point.

® [ he choice of the scale is crucial when producing separate simulations predictions.
o[t is possible to add EFT effects to simulated samples at LO.

Residual discrepancies that need further investigations:

e Discrepancy at high energy in the My, distribution.
e Significant fluctuations in the tail of few reweighting distributions.
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Conclusions

The most important aspects of EFT prediction simulation are covered in the note.

Helicity ignorant and aware reweighti

scale choice ar

ng, NLO reweighting, separated sample method,
d post-mortem reweighting.

The selected benchmark processes cover most of the LHC physics program.
Top physics, Higgs physics, vector boson fusion and multi boson processes.

Next steps:

1) Authors + editors meeting to finalize draft text.
2) Invite theory colleagues for contributions & scrutiny of the dratft.
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S. Banerjee, A. Calandri, S. Chatterjee, F.

Rewe|ght|ng in ZH Glessg;en, N. Smith, V. Perovic
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S. Banerjee, A. Calandri, S. Chatterjee, F.

Rewe|ght|ng in ZH Glessg;en, N. Smith, V. Perovic
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Reweighting in VBF Higgs production

® Process: V
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® Model: SME
® Operators:

BF Higgs production
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Reweighting In VBF Higgs production s cChatieres &y

Dickinson
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